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AxoSuite Control enables users to manually adjust temperature, pressure and voltage of each 

printhead individually, also users can do manual  movement and control the cabin leds, uvs and 

HEPA filter that comes with the machine.

AXOSUITE

CONTROL

Axolotl Biosystems

3D Bioprinter
Bioprinting is creating solid models or cell scaffolds accor-
ding to computer generated 3D models with the usage of 
biocompetible polymeres, bioinks and cell suspensions.

PCL

PLLA

PEG/PEGDA

Silk Fibroin

Propylene Glycol

Alginate

Nanocellucose

Collagen & Gelatin Solutions

Cell Suspensions

Ceramic Based Cement

Metal Based Cement

and more...

Brioprinting Living Tissues Printing Materials

Bone and Cartilage Productions

Soft Tissue Productions

Bone Marrow Stromal Cells, Mesenchymal Stem Cells, 
Cardiac Progentior Cells, Human Umbilical Vein  

Endothelial Cells, Chondroctyes, Fibroplast

Controlled Dispension of Drugs

3D Organ Bioprinting
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Protocol wizard is very easy, powerful and a fast tool 

for users to create their protocol.
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Melt Electrowriting
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AXO Melt Electrowriting (MEW)  grants the researchers  the ability to execute  

electro-spinning and writing processes. These processes are resulted withcre-

ation of micro- and nano-fibers. With di�erent collector options, Axo MEW 

becomes the tool of choice for your research. Flat Collector and Rotary 

Collector can be integrated to meet your specific research needs.

Electrospinning Electrowriting

HD Camera 
Toolhead

UV Curing 
Toolhead

UV Crosslink 
Toolhead

Heated
Printhead

Melt 
Electrowriting 

Toolhead

Cooled
Printhead

Print your meltable polymers 
on submicron level in a real  
3D shape without any harmful  
solutions.

Brioprinting

Printheads & Print Surface

Noozles & Needles

Hardware

Software

Build Volume

Layer Resolution

XYZ Positioning Resolution

Printhead Slots

Air Pressure Range

Needle Calibration

Sterilization

Air Filtering

Connectivity

Supported File Types

Infill Density Range

Infill Pattern Types

Print Surface Type

Printbed Surface  
Temperature

130 x 90 x 80 mm

<10 µm

1.25 µm

Up to 6, Can perform multiphased bioprinting

0 – 120PSI

Automatic

UV-C

HEPA and prefilter with 0,2 micron membranes

USB

STL and .gcode

%0 to %100

Rectilinear, Grid, Aligned Rectilinear,  
Honeycomb, Concentric, Cubic, Wave

Petri Dish, Well-Plate, Glass Slide, Custom Surface

From -10°C (with module) to 60°C

Resolution 
1920*1080

365 nm
395 nm 
405 nm

405 nm Up to  
265°C

Up to 
30 kV

Down 
to 3°C

Inner diameter of bioprinting needles

Lenght option of bioprinting needles

Stainless Steel nozzles for printing scaffold

Brass nozzles for printing scaffold

14G to 34 G

0,5 inch, 1 inch

S100, 200, 250, 300, 400 micron

100, 200, 250, 300, 400 micron

ALL COMBINED  
IN THE SAME  
PLATFORM...

CONTROL • PROTOCOL • MODE • PRINT

... SCAFFOLDS CAN BE CREATED  
WITH ANY TYPE OF POLYMERS  

AND INNER STRUCTURE.

 Melt Electrowriting
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SCIENTIFIC DATA AND CLINICAL SUCCESS...THE NANO WAY

prohibitively expensive- towards synthetic materials that 
mimic the ECM, do not vary from batch to batch and are 
very cost effective. Nanofiber Solutions provides this answer 
through the electrospinning of a polymer into a 

nanofibrous sheet that mimics  the ECM, allowing broad 
application from tissue engineering to drug discovery. 

Nanofiber Solutions offer two types of multiwell plates: (1)
Random nanofiber is best suited to mimic most 
environments in vivo that don’t have a natural alignment or 

orientation.(2) Aligned nanofiber is best suited to mimic 
white matter, the central nervous system, cardiac tissue and 
skeletal muscle, or for performing cell migration assays. 
These nanofiber multiwell plates offer a better 3-D model 

for mimicking the in vivo environment and will allow the 
reduction in use of experimental animals and decrease the 
time to market for drug development.

Surfaces offer considerably more control over cells’ 
microenvironments and so could better mimic the 

niches in which stem cells differentiate. “We have 
to stop thinking about the medium and the surface 
as two separate entities. We have to think about the 

whole environment of the cells,” says Clive Glover, 
head of product management at STEMCELL 
Technologies.3

3-D CELL CULTURE WHITE PAPER!

Type of 
Study

Effect of Using Nanofiber 
Solutions’ Product

Corresponding Data

Response to 

Chemothe-

rapeutic 

Compounds

Ovarian cancer cells when cultured on 
Nanofiber Solutions’ nanofiber (PCL-
CTL) show an enhanced response to a 
chemotherapeautic compound when 

compared to standard tissue culture 
polystyrene ( TCPS).

 

www.nanofibersolutions.com  1275 Kinnear Road  Columbus, OH 43212 

 
 

Other Novel Examples Using Nanofiber Solutions’ Products 
 
 
 

 
Figure 7. Stem/progenitor cells isolated from primary breast tissue and cultured on Nanofiber Solutions nanofibers 
to spontaneously form mammospheres in vitro. 
 
 

 
Figure 8. Ovarian cancer cells showing an enhanced response to a chemotherapeutic compound when cultured on 
Nanofiber Solutions nanofibers versus standard tissue culture polystyrene. 
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Stem Cell 

Studies

Bone marrow derived stem cells cultured 
on Nanofiber Solutions’ nanofiber 
specially treated to investigate idiopathic 
lung fibrosis.
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Figure 9. Human bone marrow derived stem cells cultured on Nanofiber Solutions nanofibers specially treated to 
investigate idiopathic lung fibrosis. 
 

 
Figure 10. Human umbilical cord stem cells cultured on Nanofiber Solutions nanofibers to maintain stem cell 
phenotype while allowing for high expansion rates. 
 
 
Ross Kayuha      Dr. Jed Johnson 
CEO       Chief Technology Officer 
ross.kayuha@nanofibersolutions.com   jed.johnson@nanofibersolutions.com 
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Nanofiber Solutions Inc.

Standardised 3D Scaffolds
Nanofiber Solutions™ are 3D cell culture surfaces for cultu-
ring, high-throughput, real-time imaging and quantification. 
Nanofibers mimic the 3D topography found in vivo providing 
a realistic environment for all types of cells. They use either 
aligned or randomly oriented polycaprolactone (PCL) nano-
fibers integrated into standard multi-well cell culture dishes.

Etaluma 
Lumascopes

High Resolution, Inverted 
Fluorescence Microscopy
Easily record your photos, time-lapse series, and live 
videos directly to your computer.

• Walk-away automation 
•  Blue, green & red fluorescence, brightfield,  

phase contrast
•  1.25x, 2.5x, 4x, 10x, 20x, 40x, 60x,  

and 100x(oil) magnification
• Image size: 100x100 to 1900x1900 pixels 
•  Video rates: up to 30 fps
•  Autofocus, z-stacks, ROI, tiling…
•  No pixel shift
•  Powered by a USB connection
•  Footprint: 46,8 cm x 37,4 cm x 43,8 cm

NanoECM™  
extracellular matrix

NanoAligned™ 
white matter, central nervous 
system, cardiac tissue, skeletal 
muscle

Umblical cord stem cells cultured 
standard tissue culture polystyrene 

Umblical cord stem cells cultured on 
Nanofiber Solutions’ nanofibers to 
maintain stem cell phenotype while 
allowing higher expansion rates

Human brain tumor biopsy showing 
migrating tumor cells along the 
aligned nanofiber

•  6-, 24-, 96- or 384-well plates

• Optically transparent, compatible with light/visible microscopy

• 700 nm diameter polycaprolactone (PCL) fibers

•  NanoHep™ (300 nm diameter) increases viability and enzyme 
expression for hepatocytes

• Fiber layers on the bottom of the plate is ~20 microns thick

• Polymers will not degrade

Nanofiber Solutions || 18 

How Nanofiber Compares to Native Tissue 

The tremendous potential of nanofiber substrates for cell culture can be further demonstrated by 

comparing SEM images of native human tissue and Nanofiber Solutions products. As can be seen 

in the pictures below, Nanofiber Solutions products mimic the natural environment found within a 

living organism to a much greater degree than does the widely-used TCPS.  

Nanofiber Solutions Products and Lung Tissue 

 

 

 
             Native Tissue                    Tissue Culture Polystyrene          Nanofiber Solutions Product 

Nanofiber Solutions Products and Blood Vessel Tissue 

 

 

 
 

                  Native Tissue                    Tissue Culture Polystyrene        Nanofiber Solutions Product 
Nanofiber Solutions Products and Mesenchymal Tracheal Tissue 

 

 

 
 
 
 
            Native Tissue                      Tissue Culture Polystyrene            Nanofiber Solutions Product 

2D VS 3D

•  Polymers can be coated with extracellular matrix proteins such 
as laminin, collagen, fibronectin, poly L-Lysine, ligands, etc. 
with simple lab protocols

• Cells are easily removed using Trypsin-EDTA, or Accutase

•  Plates are plasma surface treated and ready to use directly out 
of the package

•   Each plate is UV light, gamma irradiated or e-beam treated 
and are shipped sterile.

BPAE Cells showing DNA 
(blue), alpha-tubulin (green) 
and F-actin (red)
Etaluma LS 620 40x

Spheroids
Etaluma LS 720

Quintech Life Sciences  
TisXell Bioreactor

Bi-Axial Rotating Bioreactors with 
Perfusion
• Biaxial, uniaxial or swing modes of operation

• Continuous perfusion from 3 to 500 mL/min

• Working volume: 50, 250, 500 and 1000 mL

• Oxygenator column unit to facilitate gaseous exchange

• Sensor bank for optional temperature, pH and oxygen probes

• Customizable scaffold holders 

•  Accelerates cell growth and proliferation

•  Supports homogenous cell culture at surface  
and core of 3D scaffolds

•  Maintains functionality and viability of tissue  
constructs or implants

•  Reduces formation of necrotic neo-tissue

•  Promotes integration of implants to surrounding tissue

Key benefits

•  Provides biaxial revolution in two independent axes

•  Allows for flexible operation modes

•  Permits efficient nutrients and waste exchange  
within the 3D scaffolds

•  Unique spherical vessel design promotes a conducive 
growth environment

Unique features

Bone Regeneration

Biomaterial Testing

Adipose Tissue for Breast Reconstruction 

Co-culture hfMSC and co-culturing with EPC

Bone marrow Stromal Cells

Cartilage Regeneration

Stem Cell Expansion

Heart Patch Research

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
For BONE CELLS 

 

Enhanced Cell Proliferation and Viability Increased Osteogenic Properties 
Conventional TisXell™ Conventional TisXell™ 

    
Increased necrosis in conventional culture conditions 

after 28 days 
3 months after tissue engineered bone graft 

Intensified Vascular Ingrowth in Rat Femur Stem Cells Grown on Microcarriers 
 

 
 

 

 
 
 
 
 
 

MICRO CT 3D IMAGES 
 

  

MACROSCOPIC IMAGES 

 

 

 

Control Group 
(Empty Scaffold) 

Tissue Engineered 
Bone Graft 
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For Bone Cells
• Enhanced Cell Proliferation and Viability

Increased necrosis in conventional culture conditions  
after 28 days

3 months after tissue engineered bone graft

• Increased Osteogenic Properties

Conventional

Conventional

TisXellTM

TisXellTM

Rheolution Inc. 
ElastoSens™ Bio – Soft Matter Analytics

Real-time & Non Destructive 
Viscoelasticity Testing 
ElastoSensTM Bio is a benchtop instrument that precisely  
characterizes in real-time the viscoelastic properties of soft 
materials without contact and without destroying samples. 
Samples are contained into removable sample holders that 
can be disconnected, stored out of the instrument and  
re-connected for re-testing as many times as required.  You can 
remotely monitor and analyze your test with the Soft Matter 
Analytics™ tablet.

Sample holder

Pour or directly print your 
sample into the sample holder

Contact free vibrations are 
applied to the sample. Sam-
ple resonance is captured  
by a laser and ultrasounds

Raw data is processed and  
viscoelasticity is displayed in 
real time

1. Sample loading 2. Vibration
3.  Data processing  

& Display

Sample

Flexible membrane

Peltier temperature  
advanced control  

4 °C - 70 °C

Bio - Mode

37°C

Built-in gas entries for  
environmental control

3 Built-in photostimu-
lation sources 365nm, 

385nm, 405nm  

Enables retesting of 
your sample

G’’ = shear loss modulus 

G’ = shear elastic modulus 

Testing of 3D bioprinted multimaterial scaffolds

Viscoelastic properties of 3D bioprinted scaffolds with either a single 
material or composite materials were assessed.
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Viscoelastic properties of 3D bioprinted scaffolds with different 
fiber diameters (different porosity) were assessed. Viscoelasticity 
was processed via the shear elastic  modulus (G’)

Testing of 3D bioprinted scaffolds as a function  
of fiber diameter (architecture)
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Protein Fluidics Inc. 
Pu.MA System

Automated 3D Cell-Based Assays
The Pu·MA System 3D allows media, metabolite or reagent 
exchanges in a specially designed flow chip to automate  
assays for your 3D cell models, organoids and spheroids.  
Fluid movements are precisely pneumatic controlled. The 
assays take place in a protected chamber that eliminates all 
temperature and mechanical perturbations of the 3D cell  
models during fluid transfers and incubation steps.

• 8-32 samples per run

• 1-5 days processing time

• 10-20 µL reagent volume

• Compact system fits any standard cell culture incubator

• Compatible with high content imaging and plate reader systems

• Compatible with Matrigel

Load Cells Load Reagents Place Plate
in System

Press Play Automated « hands-off » steps 
for complex assay protocols

Immunofluorescence staining

In situ cell lysis  
and Supernatant Sampling

Staining for Cell viability Markers

Ready for Analysis

Toxicity analysis with HepG2 spheroids  
A Confocal imaging of HepG2 spheroids treated 
with increasing concentrations of Staurosporine  
(0 to 10 μM) and stained with nuclear stain (Blue),  
cell viability dye (Green), cell death stain (Red).  
B Percentage cell number live versus dead cells 
upon treatment . C In situ secreted factor analysis by  
measuring VEGF levels from the media sampled af-
ter  spheroid incubation with Staurosporine treatment. 
from: Application Note - Protein Fluidics

C In Situ Secreted Factor AnalysisB Live/Dead Analysis

Sequential Drug Addition

Perform in situ media exchanges, compound additions 
and supernatant sampling 

Protected sample chamber to prevent 
cell damage

    The Pu·MA System can automatically perform complex 
assay steps using proprietary microfluidics.  
All reagents are loaded into flowchips and then incuba-
tion, media exchanges, cell secretion sampling and other 
steps are executed by the system program (schematic of 
fluid transfers is shown in Figure 6A).

     The key features are:

• 3D Cell models remain in the protected sample
chamber during the assay (Figure 6B)

• 95% of media can be exchanged without
drying cells

• There is no direct fluid flow over cells to disrupt
the cell structures (Figure 6B)

• Optically clear bottom allows high resolution
imaging

Summary

875 Cowan Road, Suite B, Burlingame, CA 94010 USA+1-650-529-5080 · www.proteinfluidics.com

For research use only. Not for use in diagnostic procedures. Protein Fluidics, Protein Fluidics Logo and Pu·MA System 
are registered trademarks of Protein Fluidics, Inc. © 2020 Protein Fluidics, Inc.  All rights reserved. Product specifica-
tions may change. Rev  01/2020-1

Figure 6.  Pu·MA System microfluidics. A Schematic show-
ing typical protocol steps available with the Pu·MA System.  
All steps are performed automatically inside an incubator. 
B Schematic of the protected sample chamber and fluid 
flow.

#3DCellAssay #PuMASystem #flowchip
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     In this application note we have demonstrated 
capabilities of the Pu·MA System 3D to perform: 

• automated organoid / spheroid  processing
• in situ sampling for secreted factor(s) analysis
• in situ staining and imaging within flowchips
• multiple readouts from a single sample

Using streamlined workflows and Pu·MA System
protocols, we showed staining and imaging of two 
different 3D cell models in response to different drugs 
and drug concentrations. We showed that with in-
creasing concentration of drug treatments we could 
quantify phenotypic changes in the cells, such as 
changes in cell death and in secreted factors all within 
physiologically relevant conditions with minimum per-
turbation to the samples. 
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Figure 4.  Toxicity analysis with HeLa spheroids. A Confocal image HeLa Cells control and treated (either Valinomycin or 
Staurosporine) samples. Control and treated HeLa spheroids, stained with nuclear stain (Hoechst, Blue), cell viability stain 
(Calcein AM, Green), apoptotic stain (Ethidium Homodimer 1, Red) and imaged within the flowchips. The panels below 
show detailed image analysis of the spheroids as observed within the flowchip. Image analysis was performed either in 3D 
or using the 2D Projection (MaxPro) image of confocal image stacks. B Bar graph indicating numbers of total, live or dead 
cells upon treatment with Valinomycin 1µM or Staurosporine 1µM.

Figure 5.  Toxicity analysis with HepG2 spheroids. A Confocal imaging of HepG2 spheroids treated with increasing con-
centrations of Staurosporine (0 to 10 µM) and stained with nuclear stain (Hoechst, Blue), cell viability dye (Calcein AM, 
Green), cell death stain (Ethidium Homodimer 1, Red). B Graph indicating percentage cell number live versus dead cells 
upon treatment  different Staurosporine concentrations (0.01 µM−10 µM). C In situ secreted factor analysis was done by 
measuring VEGF levels from the media sampled after spheroid incubation with Staurosporine treatment (0.01 µM−10 µM). 
VEGF levels in the media collected was measured by ELISA.
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„I have used TisXell for several years as part of my research 
in regenerative medicine of cartilage. The aim is to syn-
thesize chondrocytes from stem cells in biodegradable  
3D scaffolds. Tisxell was already known for its applications 
in bone tissue engineering. I wanted to adapt it for cartila-
ge tissue engineering, with success.

The characteristics of TisXell are ideal for the in vitro  
synthesis of chondrocytes because this device allows  
both continuous irrigation by laminar flow in the heart of 
the cellularized scaffold and exerts a mechanical stimu-
lation due to its biaxial rotation, which is favorable to the 
synthesis of cartilage.“
Nathalie Luciani, Researcher, Université Paris-Diderot

„
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Applications



SCIENTIFIC DATA AND CLINICAL SUCCESS...THE NANO WAY

prohibitively expensive- towards synthetic materials that 
mimic the ECM, do not vary from batch to batch and are 
very cost effective. Nanofiber Solutions provides this answer 
through the electrospinning of a polymer into a 

nanofibrous sheet that mimics  the ECM, allowing broad 
application from tissue engineering to drug discovery. 

Nanofiber Solutions offer two types of multiwell plates: (1)
Random nanofiber is best suited to mimic most 
environments in vivo that don’t have a natural alignment or 

orientation.(2) Aligned nanofiber is best suited to mimic 
white matter, the central nervous system, cardiac tissue and 
skeletal muscle, or for performing cell migration assays. 
These nanofiber multiwell plates offer a better 3-D model 

for mimicking the in vivo environment and will allow the 
reduction in use of experimental animals and decrease the 
time to market for drug development.

Surfaces offer considerably more control over cells’ 
microenvironments and so could better mimic the 

niches in which stem cells differentiate. “We have 
to stop thinking about the medium and the surface 
as two separate entities. We have to think about the 

whole environment of the cells,” says Clive Glover, 
head of product management at STEMCELL 
Technologies.3

3-D CELL CULTURE WHITE PAPER!

Type of 
Study

Effect of Using Nanofiber 
Solutions’ Product

Corresponding Data

Response to 

Chemothe-

rapeutic 

Compounds

Ovarian cancer cells when cultured on 
Nanofiber Solutions’ nanofiber (PCL-
CTL) show an enhanced response to a 
chemotherapeautic compound when 

compared to standard tissue culture 
polystyrene ( TCPS).

 

www.nanofibersolutions.com  1275 Kinnear Road  Columbus, OH 43212 

 
 

Other Novel Examples Using Nanofiber Solutions’ Products 
 
 
 

 
Figure 7. Stem/progenitor cells isolated from primary breast tissue and cultured on Nanofiber Solutions nanofibers 
to spontaneously form mammospheres in vitro. 
 
 

 
Figure 8. Ovarian cancer cells showing an enhanced response to a chemotherapeutic compound when cultured on 
Nanofiber Solutions nanofibers versus standard tissue culture polystyrene. 
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Stem Cell 

Studies

Bone marrow derived stem cells cultured 
on Nanofiber Solutions’ nanofiber 
specially treated to investigate idiopathic 
lung fibrosis.
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Figure 9. Human bone marrow derived stem cells cultured on Nanofiber Solutions nanofibers specially treated to 
investigate idiopathic lung fibrosis. 
 

 
Figure 10. Human umbilical cord stem cells cultured on Nanofiber Solutions nanofibers to maintain stem cell 
phenotype while allowing for high expansion rates. 
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Nanofiber Solutions Inc.

Standardised 3D Scaffolds
Nanofiber Solutions™ are 3D cell culture surfaces for cultu-
ring, high-throughput, real-time imaging and quantification. 
Nanofibers mimic the 3D topography found in vivo providing 
a realistic environment for all types of cells. They use either 
aligned or randomly oriented polycaprolactone (PCL) nano-
fibers integrated into standard multi-well cell culture dishes.

Etaluma 
Lumascopes

High Resolution, Inverted 
Fluorescence Microscopy
Easily record your photos, time-lapse series, and live 
videos directly to your computer.

• Walk-away automation 
•  Blue, green & red fluorescence, brightfield,  

phase contrast
•  1.25x, 2.5x, 4x, 10x, 20x, 40x, 60x,  

and 100x(oil) magnification
• Image size: 100x100 to 1900x1900 pixels 
•  Video rates: up to 30 fps
•  Autofocus, z-stacks, ROI, tiling…
•  No pixel shift
•  Powered by a USB connection
•  Footprint: 46,8 cm x 37,4 cm x 43,8 cm

NanoECM™  
extracellular matrix

NanoAligned™ 
white matter, central nervous 
system, cardiac tissue, skeletal 
muscle

Umblical cord stem cells cultured 
standard tissue culture polystyrene 

Umblical cord stem cells cultured on 
Nanofiber Solutions’ nanofibers to 
maintain stem cell phenotype while 
allowing higher expansion rates

Human brain tumor biopsy showing 
migrating tumor cells along the 
aligned nanofiber

•  6-, 24-, 96- or 384-well plates

• Optically transparent, compatible with light/visible microscopy

• 700 nm diameter polycaprolactone (PCL) fibers

•  NanoHep™ (300 nm diameter) increases viability and enzyme 
expression for hepatocytes

• Fiber layers on the bottom of the plate is ~20 microns thick

• Polymers will not degrade

Nanofiber Solutions || 18 

How Nanofiber Compares to Native Tissue 

The tremendous potential of nanofiber substrates for cell culture can be further demonstrated by 

comparing SEM images of native human tissue and Nanofiber Solutions products. As can be seen 

in the pictures below, Nanofiber Solutions products mimic the natural environment found within a 

living organism to a much greater degree than does the widely-used TCPS.  

Nanofiber Solutions Products and Lung Tissue 

 

 

 
             Native Tissue                    Tissue Culture Polystyrene          Nanofiber Solutions Product 

Nanofiber Solutions Products and Blood Vessel Tissue 

 

 

 
 

                  Native Tissue                    Tissue Culture Polystyrene        Nanofiber Solutions Product 
Nanofiber Solutions Products and Mesenchymal Tracheal Tissue 

 

 

 
 
 
 
            Native Tissue                      Tissue Culture Polystyrene            Nanofiber Solutions Product 

2D VS 3D

•  Polymers can be coated with extracellular matrix proteins such 
as laminin, collagen, fibronectin, poly L-Lysine, ligands, etc. 
with simple lab protocols

• Cells are easily removed using Trypsin-EDTA, or Accutase

•  Plates are plasma surface treated and ready to use directly out 
of the package

•   Each plate is UV light, gamma irradiated or e-beam treated 
and are shipped sterile.

BPAE Cells showing DNA 
(blue), alpha-tubulin (green) 
and F-actin (red)
Etaluma LS 620 40x

Spheroids
Etaluma LS 720

Quintech Life Sciences  
TisXell Bioreactor

Bi-Axial Rotating Bioreactors with 
Perfusion
• Biaxial, uniaxial or swing modes of operation

• Continuous perfusion from 3 to 500 mL/min

• Working volume: 50, 250, 500 and 1000 mL

• Oxygenator column unit to facilitate gaseous exchange

• Sensor bank for optional temperature, pH and oxygen probes

• Customizable scaffold holders 

•  Accelerates cell growth and proliferation

•  Supports homogenous cell culture at surface  
and core of 3D scaffolds

•  Maintains functionality and viability of tissue  
constructs or implants

•  Reduces formation of necrotic neo-tissue

•  Promotes integration of implants to surrounding tissue

Key benefits

•  Provides biaxial revolution in two independent axes

•  Allows for flexible operation modes

•  Permits efficient nutrients and waste exchange  
within the 3D scaffolds

•  Unique spherical vessel design promotes a conducive 
growth environment

Unique features

Bone Regeneration

Biomaterial Testing

Adipose Tissue for Breast Reconstruction 

Co-culture hfMSC and co-culturing with EPC

Bone marrow Stromal Cells

Cartilage Regeneration

Stem Cell Expansion

Heart Patch Research
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For Bone Cells
• Enhanced Cell Proliferation and Viability

Increased necrosis in conventional culture conditions  
after 28 days

3 months after tissue engineered bone graft

• Increased Osteogenic Properties

Conventional

Conventional

TisXellTM

TisXellTM

Rheolution Inc. 
ElastoSens™ Bio – Soft Matter Analytics

Real-time & Non Destructive 
Viscoelasticity Testing 
ElastoSensTM Bio is a benchtop instrument that precisely  
characterizes in real-time the viscoelastic properties of soft 
materials without contact and without destroying samples. 
Samples are contained into removable sample holders that 
can be disconnected, stored out of the instrument and  
re-connected for re-testing as many times as required.  You can 
remotely monitor and analyze your test with the Soft Matter 
Analytics™ tablet.

Sample holder

Pour or directly print your 
sample into the sample holder

Contact free vibrations are 
applied to the sample. Sam-
ple resonance is captured  
by a laser and ultrasounds

Raw data is processed and  
viscoelasticity is displayed in 
real time

1. Sample loading 2. Vibration
3.  Data processing  

& Display

Sample

Flexible membrane

Peltier temperature  
advanced control  

4 °C - 70 °C

Bio - Mode

37°C

Built-in gas entries for  
environmental control

3 Built-in photostimu-
lation sources 365nm, 

385nm, 405nm  

Enables retesting of 
your sample

G’’ = shear loss modulus 

G’ = shear elastic modulus 

Testing of 3D bioprinted multimaterial scaffolds

Viscoelastic properties of 3D bioprinted scaffolds with either a single 
material or composite materials were assessed.
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was processed via the shear elastic  modulus (G’)
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Protein Fluidics Inc. 
Pu.MA System

Automated 3D Cell-Based Assays
The Pu·MA System 3D allows media, metabolite or reagent 
exchanges in a specially designed flow chip to automate  
assays for your 3D cell models, organoids and spheroids.  
Fluid movements are precisely pneumatic controlled. The 
assays take place in a protected chamber that eliminates all 
temperature and mechanical perturbations of the 3D cell  
models during fluid transfers and incubation steps.

• 8-32 samples per run

• 1-5 days processing time

• 10-20 µL reagent volume

• Compact system fits any standard cell culture incubator

• Compatible with high content imaging and plate reader systems

• Compatible with Matrigel

Load Cells Load Reagents Place Plate
in System

Press Play Automated « hands-off » steps 
for complex assay protocols

Immunofluorescence staining

In situ cell lysis  
and Supernatant Sampling

Staining for Cell viability Markers

Ready for Analysis

Toxicity analysis with HepG2 spheroids  
A Confocal imaging of HepG2 spheroids treated 
with increasing concentrations of Staurosporine  
(0 to 10 μM) and stained with nuclear stain (Blue),  
cell viability dye (Green), cell death stain (Red).  
B Percentage cell number live versus dead cells 
upon treatment . C In situ secreted factor analysis by  
measuring VEGF levels from the media sampled af-
ter  spheroid incubation with Staurosporine treatment. 
from: Application Note - Protein Fluidics

C In Situ Secreted Factor AnalysisB Live/Dead Analysis

Sequential Drug Addition

Perform in situ media exchanges, compound additions 
and supernatant sampling 

Protected sample chamber to prevent 
cell damage

    The Pu·MA System can automatically perform complex 
assay steps using proprietary microfluidics.  
All reagents are loaded into flowchips and then incuba-
tion, media exchanges, cell secretion sampling and other 
steps are executed by the system program (schematic of 
fluid transfers is shown in Figure 6A).

     The key features are:

• 3D Cell models remain in the protected sample
chamber during the assay (Figure 6B)

• 95% of media can be exchanged without
drying cells

• There is no direct fluid flow over cells to disrupt
the cell structures (Figure 6B)

• Optically clear bottom allows high resolution
imaging

Summary

875 Cowan Road, Suite B, Burlingame, CA 94010 USA+1-650-529-5080 · www.proteinfluidics.com

For research use only. Not for use in diagnostic procedures. Protein Fluidics, Protein Fluidics Logo and Pu·MA System 
are registered trademarks of Protein Fluidics, Inc. © 2020 Protein Fluidics, Inc.  All rights reserved. Product specifica-
tions may change. Rev  01/2020-1

Figure 6.  Pu·MA System microfluidics. A Schematic show-
ing typical protocol steps available with the Pu·MA System.  
All steps are performed automatically inside an incubator. 
B Schematic of the protected sample chamber and fluid 
flow.

#3DCellAssay #PuMASystem #flowchip
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     In this application note we have demonstrated 
capabilities of the Pu·MA System 3D to perform: 

• automated organoid / spheroid  processing
• in situ sampling for secreted factor(s) analysis
• in situ staining and imaging within flowchips
• multiple readouts from a single sample

Using streamlined workflows and Pu·MA System
protocols, we showed staining and imaging of two 
different 3D cell models in response to different drugs 
and drug concentrations. We showed that with in-
creasing concentration of drug treatments we could 
quantify phenotypic changes in the cells, such as 
changes in cell death and in secreted factors all within 
physiologically relevant conditions with minimum per-
turbation to the samples. 
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Figure 4.  Toxicity analysis with HeLa spheroids. A Confocal image HeLa Cells control and treated (either Valinomycin or 
Staurosporine) samples. Control and treated HeLa spheroids, stained with nuclear stain (Hoechst, Blue), cell viability stain 
(Calcein AM, Green), apoptotic stain (Ethidium Homodimer 1, Red) and imaged within the flowchips. The panels below 
show detailed image analysis of the spheroids as observed within the flowchip. Image analysis was performed either in 3D 
or using the 2D Projection (MaxPro) image of confocal image stacks. B Bar graph indicating numbers of total, live or dead 
cells upon treatment with Valinomycin 1µM or Staurosporine 1µM.

Figure 5.  Toxicity analysis with HepG2 spheroids. A Confocal imaging of HepG2 spheroids treated with increasing con-
centrations of Staurosporine (0 to 10 µM) and stained with nuclear stain (Hoechst, Blue), cell viability dye (Calcein AM, 
Green), cell death stain (Ethidium Homodimer 1, Red). B Graph indicating percentage cell number live versus dead cells 
upon treatment  different Staurosporine concentrations (0.01 µM−10 µM). C In situ secreted factor analysis was done by 
measuring VEGF levels from the media sampled after spheroid incubation with Staurosporine treatment (0.01 µM−10 µM). 
VEGF levels in the media collected was measured by ELISA.
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„I have used TisXell for several years as part of my research 
in regenerative medicine of cartilage. The aim is to syn-
thesize chondrocytes from stem cells in biodegradable  
3D scaffolds. Tisxell was already known for its applications 
in bone tissue engineering. I wanted to adapt it for cartila-
ge tissue engineering, with success.

The characteristics of TisXell are ideal for the in vitro  
synthesis of chondrocytes because this device allows  
both continuous irrigation by laminar flow in the heart of 
the cellularized scaffold and exerts a mechanical stimu-
lation due to its biaxial rotation, which is favorable to the 
synthesis of cartilage.“
Nathalie Luciani, Researcher, Université Paris-Diderot

„

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
For BONE CELLS 

 

Enhanced Cell Proliferation and Viability Increased Osteogenic Properties 
Conventional TisXell™ Conventional TisXell™ 

    
Increased necrosis in conventional culture conditions 

after 28 days 
3 months after tissue engineered bone graft 

Intensified Vascular Ingrowth in Rat Femur Stem Cells Grown on Microcarriers 
 

 
 

 

 
 
 
 
 
 

MICRO CT 3D IMAGES 
 

  

MACROSCOPIC IMAGES 

 

 

 

Control Group 
(Empty Scaffold) 

Tissue Engineered 
Bone Graft 

References 
 

a  ZY Zhang et al. (2009)  Biomaterials 30 2694-2704 
b  ZY Zhang et al. (2010)  Biomaterials 31 8684-8695 
c  MP Chhaya et al  (2015) Biomaterials 52 551-560 
d  Leferink AM  et al. (2015) Frontiers in bioengineering and biotechnology vol 3 

Article 169 
e  Luciani N et al (2016) Acta biometerialia 37 101-110 
f   DC Andersen/ CH Jensen (2016) danishcrm.com 
g  Dr Mark Chong http://futureforward.channelnewsasia.com/superbodies (on 

going) 
 

 
 

 
 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
For BONE CELLS 

 

Enhanced Cell Proliferation and Viability Increased Osteogenic Properties 
Conventional TisXell™ Conventional TisXell™ 

    
Increased necrosis in conventional culture conditions 

after 28 days 
3 months after tissue engineered bone graft 

Intensified Vascular Ingrowth in Rat Femur Stem Cells Grown on Microcarriers 
 

 
 

 

 
 
 
 
 
 

MICRO CT 3D IMAGES 
 

  

MACROSCOPIC IMAGES 

 

 

 

Control Group 
(Empty Scaffold) 

Tissue Engineered 
Bone Graft 

References 
 

a  ZY Zhang et al. (2009)  Biomaterials 30 2694-2704 
b  ZY Zhang et al. (2010)  Biomaterials 31 8684-8695 
c  MP Chhaya et al  (2015) Biomaterials 52 551-560 
d  Leferink AM  et al. (2015) Frontiers in bioengineering and biotechnology vol 3 

Article 169 
e  Luciani N et al (2016) Acta biometerialia 37 101-110 
f   DC Andersen/ CH Jensen (2016) danishcrm.com 
g  Dr Mark Chong http://futureforward.channelnewsasia.com/superbodies (on 

going) 
 

 
 

 
 

  

 

Applications



SCIENTIFIC DATA AND CLINICAL SUCCESS...THE NANO WAY

prohibitively expensive- towards synthetic materials that 
mimic the ECM, do not vary from batch to batch and are 
very cost effective. Nanofiber Solutions provides this answer 
through the electrospinning of a polymer into a 

nanofibrous sheet that mimics  the ECM, allowing broad 
application from tissue engineering to drug discovery. 

Nanofiber Solutions offer two types of multiwell plates: (1)
Random nanofiber is best suited to mimic most 
environments in vivo that don’t have a natural alignment or 

orientation.(2) Aligned nanofiber is best suited to mimic 
white matter, the central nervous system, cardiac tissue and 
skeletal muscle, or for performing cell migration assays. 
These nanofiber multiwell plates offer a better 3-D model 

for mimicking the in vivo environment and will allow the 
reduction in use of experimental animals and decrease the 
time to market for drug development.

Surfaces offer considerably more control over cells’ 
microenvironments and so could better mimic the 

niches in which stem cells differentiate. “We have 
to stop thinking about the medium and the surface 
as two separate entities. We have to think about the 

whole environment of the cells,” says Clive Glover, 
head of product management at STEMCELL 
Technologies.3

3-D CELL CULTURE WHITE PAPER!

Type of 
Study

Effect of Using Nanofiber 
Solutions’ Product

Corresponding Data

Response to 

Chemothe-

rapeutic 

Compounds

Ovarian cancer cells when cultured on 
Nanofiber Solutions’ nanofiber (PCL-
CTL) show an enhanced response to a 
chemotherapeautic compound when 

compared to standard tissue culture 
polystyrene ( TCPS).
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Other Novel Examples Using Nanofiber Solutions’ Products 
 
 
 

 
Figure 7. Stem/progenitor cells isolated from primary breast tissue and cultured on Nanofiber Solutions nanofibers 
to spontaneously form mammospheres in vitro. 
 
 

 
Figure 8. Ovarian cancer cells showing an enhanced response to a chemotherapeutic compound when cultured on 
Nanofiber Solutions nanofibers versus standard tissue culture polystyrene. 
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Stem Cell 

Studies

Bone marrow derived stem cells cultured 
on Nanofiber Solutions’ nanofiber 
specially treated to investigate idiopathic 
lung fibrosis.
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Figure 9. Human bone marrow derived stem cells cultured on Nanofiber Solutions nanofibers specially treated to 
investigate idiopathic lung fibrosis. 
 

 
Figure 10. Human umbilical cord stem cells cultured on Nanofiber Solutions nanofibers to maintain stem cell 
phenotype while allowing for high expansion rates. 
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Nanofiber Solutions Inc.

Standardised 3D Scaffolds
Nanofiber Solutions™ are 3D cell culture surfaces for cultu-
ring, high-throughput, real-time imaging and quantification. 
Nanofibers mimic the 3D topography found in vivo providing 
a realistic environment for all types of cells. They use either 
aligned or randomly oriented polycaprolactone (PCL) nano-
fibers integrated into standard multi-well cell culture dishes.

Etaluma 
Lumascopes

High Resolution, Inverted 
Fluorescence Microscopy
Easily record your photos, time-lapse series, and live 
videos directly to your computer.

• Walk-away automation 
•  Blue, green & red fluorescence, brightfield,  

phase contrast
•  1.25x, 2.5x, 4x, 10x, 20x, 40x, 60x,  

and 100x(oil) magnification
• Image size: 100x100 to 1900x1900 pixels 
•  Video rates: up to 30 fps
•  Autofocus, z-stacks, ROI, tiling…
•  No pixel shift
•  Powered by a USB connection
•  Footprint: 46,8 cm x 37,4 cm x 43,8 cm

NanoECM™  
extracellular matrix

NanoAligned™ 
white matter, central nervous 
system, cardiac tissue, skeletal 
muscle

Umblical cord stem cells cultured 
standard tissue culture polystyrene 

Umblical cord stem cells cultured on 
Nanofiber Solutions’ nanofibers to 
maintain stem cell phenotype while 
allowing higher expansion rates

Human brain tumor biopsy showing 
migrating tumor cells along the 
aligned nanofiber

•  6-, 24-, 96- or 384-well plates

• Optically transparent, compatible with light/visible microscopy

• 700 nm diameter polycaprolactone (PCL) fibers

•  NanoHep™ (300 nm diameter) increases viability and enzyme 
expression for hepatocytes

• Fiber layers on the bottom of the plate is ~20 microns thick

• Polymers will not degrade

Nanofiber Solutions || 18 

How Nanofiber Compares to Native Tissue 

The tremendous potential of nanofiber substrates for cell culture can be further demonstrated by 

comparing SEM images of native human tissue and Nanofiber Solutions products. As can be seen 

in the pictures below, Nanofiber Solutions products mimic the natural environment found within a 

living organism to a much greater degree than does the widely-used TCPS.  

Nanofiber Solutions Products and Lung Tissue 

 

 

 
             Native Tissue                    Tissue Culture Polystyrene          Nanofiber Solutions Product 

Nanofiber Solutions Products and Blood Vessel Tissue 

 

 

 
 

                  Native Tissue                    Tissue Culture Polystyrene        Nanofiber Solutions Product 
Nanofiber Solutions Products and Mesenchymal Tracheal Tissue 

 

 

 
 
 
 
            Native Tissue                      Tissue Culture Polystyrene            Nanofiber Solutions Product 

2D VS 3D

•  Polymers can be coated with extracellular matrix proteins such 
as laminin, collagen, fibronectin, poly L-Lysine, ligands, etc. 
with simple lab protocols

• Cells are easily removed using Trypsin-EDTA, or Accutase

•  Plates are plasma surface treated and ready to use directly out 
of the package

•   Each plate is UV light, gamma irradiated or e-beam treated 
and are shipped sterile.

BPAE Cells showing DNA 
(blue), alpha-tubulin (green) 
and F-actin (red)
Etaluma LS 620 40x

Spheroids
Etaluma LS 720

Quintech Life Sciences  
TisXell Bioreactor

Bi-Axial Rotating Bioreactors with 
Perfusion
• Biaxial, uniaxial or swing modes of operation

• Continuous perfusion from 3 to 500 mL/min

• Working volume: 50, 250, 500 and 1000 mL

• Oxygenator column unit to facilitate gaseous exchange

• Sensor bank for optional temperature, pH and oxygen probes

• Customizable scaffold holders 

•  Accelerates cell growth and proliferation

•  Supports homogenous cell culture at surface  
and core of 3D scaffolds

•  Maintains functionality and viability of tissue  
constructs or implants

•  Reduces formation of necrotic neo-tissue

•  Promotes integration of implants to surrounding tissue

Key benefits

•  Provides biaxial revolution in two independent axes

•  Allows for flexible operation modes

•  Permits efficient nutrients and waste exchange  
within the 3D scaffolds

•  Unique spherical vessel design promotes a conducive 
growth environment

Unique features

Bone Regeneration

Biomaterial Testing

Adipose Tissue for Breast Reconstruction 

Co-culture hfMSC and co-culturing with EPC

Bone marrow Stromal Cells

Cartilage Regeneration

Stem Cell Expansion

Heart Patch Research
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For Bone Cells
• Enhanced Cell Proliferation and Viability

Increased necrosis in conventional culture conditions  
after 28 days

3 months after tissue engineered bone graft

• Increased Osteogenic Properties

Conventional

Conventional

TisXellTM

TisXellTM

Rheolution Inc. 
ElastoSens™ Bio – Soft Matter Analytics

Real-time & Non Destructive 
Viscoelasticity Testing 
ElastoSensTM Bio is a benchtop instrument that precisely  
characterizes in real-time the viscoelastic properties of soft 
materials without contact and without destroying samples. 
Samples are contained into removable sample holders that 
can be disconnected, stored out of the instrument and  
re-connected for re-testing as many times as required.  You can 
remotely monitor and analyze your test with the Soft Matter 
Analytics™ tablet.

Sample holder

Pour or directly print your 
sample into the sample holder

Contact free vibrations are 
applied to the sample. Sam-
ple resonance is captured  
by a laser and ultrasounds

Raw data is processed and  
viscoelasticity is displayed in 
real time

1. Sample loading 2. Vibration
3.  Data processing  

& Display

Sample

Flexible membrane

Peltier temperature  
advanced control  

4 °C - 70 °C

Bio - Mode

37°C

Built-in gas entries for  
environmental control

3 Built-in photostimu-
lation sources 365nm, 

385nm, 405nm  

Enables retesting of 
your sample

G’’ = shear loss modulus 

G’ = shear elastic modulus 

Testing of 3D bioprinted multimaterial scaffolds

Viscoelastic properties of 3D bioprinted scaffolds with either a single 
material or composite materials were assessed.
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Viscoelastic properties of 3D bioprinted scaffolds with different 
fiber diameters (different porosity) were assessed. Viscoelasticity 
was processed via the shear elastic  modulus (G’)
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Protein Fluidics Inc. 
Pu.MA System

Automated 3D Cell-Based Assays
The Pu·MA System 3D allows media, metabolite or reagent 
exchanges in a specially designed flow chip to automate  
assays for your 3D cell models, organoids and spheroids.  
Fluid movements are precisely pneumatic controlled. The 
assays take place in a protected chamber that eliminates all 
temperature and mechanical perturbations of the 3D cell  
models during fluid transfers and incubation steps.

• 8-32 samples per run

• 1-5 days processing time

• 10-20 µL reagent volume

• Compact system fits any standard cell culture incubator

• Compatible with high content imaging and plate reader systems

• Compatible with Matrigel

Load Cells Load Reagents Place Plate
in System

Press Play Automated « hands-off » steps 
for complex assay protocols

Immunofluorescence staining

In situ cell lysis  
and Supernatant Sampling

Staining for Cell viability Markers

Ready for Analysis

Toxicity analysis with HepG2 spheroids  
A Confocal imaging of HepG2 spheroids treated 
with increasing concentrations of Staurosporine  
(0 to 10 μM) and stained with nuclear stain (Blue),  
cell viability dye (Green), cell death stain (Red).  
B Percentage cell number live versus dead cells 
upon treatment . C In situ secreted factor analysis by  
measuring VEGF levels from the media sampled af-
ter  spheroid incubation with Staurosporine treatment. 
from: Application Note - Protein Fluidics

C In Situ Secreted Factor AnalysisB Live/Dead Analysis

Sequential Drug Addition

Perform in situ media exchanges, compound additions 
and supernatant sampling 

Protected sample chamber to prevent 
cell damage

    The Pu·MA System can automatically perform complex 
assay steps using proprietary microfluidics.  
All reagents are loaded into flowchips and then incuba-
tion, media exchanges, cell secretion sampling and other 
steps are executed by the system program (schematic of 
fluid transfers is shown in Figure 6A).

     The key features are:

• 3D Cell models remain in the protected sample
chamber during the assay (Figure 6B)

• 95% of media can be exchanged without
drying cells

• There is no direct fluid flow over cells to disrupt
the cell structures (Figure 6B)

• Optically clear bottom allows high resolution
imaging

Summary

875 Cowan Road, Suite B, Burlingame, CA 94010 USA+1-650-529-5080 · www.proteinfluidics.com

For research use only. Not for use in diagnostic procedures. Protein Fluidics, Protein Fluidics Logo and Pu·MA System 
are registered trademarks of Protein Fluidics, Inc. © 2020 Protein Fluidics, Inc.  All rights reserved. Product specifica-
tions may change. Rev  01/2020-1

Figure 6.  Pu·MA System microfluidics. A Schematic show-
ing typical protocol steps available with the Pu·MA System.  
All steps are performed automatically inside an incubator. 
B Schematic of the protected sample chamber and fluid 
flow.

#3DCellAssay #PuMASystem #flowchip
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     In this application note we have demonstrated 
capabilities of the Pu·MA System 3D to perform: 

• automated organoid / spheroid  processing
• in situ sampling for secreted factor(s) analysis
• in situ staining and imaging within flowchips
• multiple readouts from a single sample

Using streamlined workflows and Pu·MA System
protocols, we showed staining and imaging of two 
different 3D cell models in response to different drugs 
and drug concentrations. We showed that with in-
creasing concentration of drug treatments we could 
quantify phenotypic changes in the cells, such as 
changes in cell death and in secreted factors all within 
physiologically relevant conditions with minimum per-
turbation to the samples. 
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Figure 4.  Toxicity analysis with HeLa spheroids. A Confocal image HeLa Cells control and treated (either Valinomycin or 
Staurosporine) samples. Control and treated HeLa spheroids, stained with nuclear stain (Hoechst, Blue), cell viability stain 
(Calcein AM, Green), apoptotic stain (Ethidium Homodimer 1, Red) and imaged within the flowchips. The panels below 
show detailed image analysis of the spheroids as observed within the flowchip. Image analysis was performed either in 3D 
or using the 2D Projection (MaxPro) image of confocal image stacks. B Bar graph indicating numbers of total, live or dead 
cells upon treatment with Valinomycin 1µM or Staurosporine 1µM.

Figure 5.  Toxicity analysis with HepG2 spheroids. A Confocal imaging of HepG2 spheroids treated with increasing con-
centrations of Staurosporine (0 to 10 µM) and stained with nuclear stain (Hoechst, Blue), cell viability dye (Calcein AM, 
Green), cell death stain (Ethidium Homodimer 1, Red). B Graph indicating percentage cell number live versus dead cells 
upon treatment  different Staurosporine concentrations (0.01 µM−10 µM). C In situ secreted factor analysis was done by 
measuring VEGF levels from the media sampled after spheroid incubation with Staurosporine treatment (0.01 µM−10 µM). 
VEGF levels in the media collected was measured by ELISA.
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„I have used TisXell for several years as part of my research 
in regenerative medicine of cartilage. The aim is to syn-
thesize chondrocytes from stem cells in biodegradable  
3D scaffolds. Tisxell was already known for its applications 
in bone tissue engineering. I wanted to adapt it for cartila-
ge tissue engineering, with success.

The characteristics of TisXell are ideal for the in vitro  
synthesis of chondrocytes because this device allows  
both continuous irrigation by laminar flow in the heart of 
the cellularized scaffold and exerts a mechanical stimu-
lation due to its biaxial rotation, which is favorable to the 
synthesis of cartilage.“
Nathalie Luciani, Researcher, Université Paris-Diderot

„
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Applications



SCIENTIFIC DATA AND CLINICAL SUCCESS...THE NANO WAY

prohibitively expensive- towards synthetic materials that 
mimic the ECM, do not vary from batch to batch and are 
very cost effective. Nanofiber Solutions provides this answer 
through the electrospinning of a polymer into a 

nanofibrous sheet that mimics  the ECM, allowing broad 
application from tissue engineering to drug discovery. 

Nanofiber Solutions offer two types of multiwell plates: (1)
Random nanofiber is best suited to mimic most 
environments in vivo that don’t have a natural alignment or 

orientation.(2) Aligned nanofiber is best suited to mimic 
white matter, the central nervous system, cardiac tissue and 
skeletal muscle, or for performing cell migration assays. 
These nanofiber multiwell plates offer a better 3-D model 

for mimicking the in vivo environment and will allow the 
reduction in use of experimental animals and decrease the 
time to market for drug development.

Surfaces offer considerably more control over cells’ 
microenvironments and so could better mimic the 

niches in which stem cells differentiate. “We have 
to stop thinking about the medium and the surface 
as two separate entities. We have to think about the 

whole environment of the cells,” says Clive Glover, 
head of product management at STEMCELL 
Technologies.3

3-D CELL CULTURE WHITE PAPER!

Type of 
Study

Effect of Using Nanofiber 
Solutions’ Product

Corresponding Data

Response to 

Chemothe-

rapeutic 

Compounds

Ovarian cancer cells when cultured on 
Nanofiber Solutions’ nanofiber (PCL-
CTL) show an enhanced response to a 
chemotherapeautic compound when 

compared to standard tissue culture 
polystyrene ( TCPS).
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Other Novel Examples Using Nanofiber Solutions’ Products 
 
 
 

 
Figure 7. Stem/progenitor cells isolated from primary breast tissue and cultured on Nanofiber Solutions nanofibers 
to spontaneously form mammospheres in vitro. 
 
 

 
Figure 8. Ovarian cancer cells showing an enhanced response to a chemotherapeutic compound when cultured on 
Nanofiber Solutions nanofibers versus standard tissue culture polystyrene. 
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Stem Cell 

Studies

Bone marrow derived stem cells cultured 
on Nanofiber Solutions’ nanofiber 
specially treated to investigate idiopathic 
lung fibrosis.
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Figure 9. Human bone marrow derived stem cells cultured on Nanofiber Solutions nanofibers specially treated to 
investigate idiopathic lung fibrosis. 
 

 
Figure 10. Human umbilical cord stem cells cultured on Nanofiber Solutions nanofibers to maintain stem cell 
phenotype while allowing for high expansion rates. 
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Nanofiber Solutions Inc.

Standardised 3D Scaffolds
Nanofiber Solutions™ are 3D cell culture surfaces for cultu-
ring, high-throughput, real-time imaging and quantification. 
Nanofibers mimic the 3D topography found in vivo providing 
a realistic environment for all types of cells. They use either 
aligned or randomly oriented polycaprolactone (PCL) nano-
fibers integrated into standard multi-well cell culture dishes.

Etaluma 
Lumascopes

High Resolution, Inverted 
Fluorescence Microscopy
Easily record your photos, time-lapse series, and live 
videos directly to your computer.

• Walk-away automation 
•  Blue, green & red fluorescence, brightfield,  

phase contrast
•  1.25x, 2.5x, 4x, 10x, 20x, 40x, 60x,  

and 100x(oil) magnification
• Image size: 100x100 to 1900x1900 pixels 
•  Video rates: up to 30 fps
•  Autofocus, z-stacks, ROI, tiling…
•  No pixel shift
•  Powered by a USB connection
•  Footprint: 46,8 cm x 37,4 cm x 43,8 cm

NanoECM™  
extracellular matrix

NanoAligned™ 
white matter, central nervous 
system, cardiac tissue, skeletal 
muscle

Umblical cord stem cells cultured 
standard tissue culture polystyrene 

Umblical cord stem cells cultured on 
Nanofiber Solutions’ nanofibers to 
maintain stem cell phenotype while 
allowing higher expansion rates

Human brain tumor biopsy showing 
migrating tumor cells along the 
aligned nanofiber

•  6-, 24-, 96- or 384-well plates

• Optically transparent, compatible with light/visible microscopy

• 700 nm diameter polycaprolactone (PCL) fibers

•  NanoHep™ (300 nm diameter) increases viability and enzyme 
expression for hepatocytes

• Fiber layers on the bottom of the plate is ~20 microns thick

• Polymers will not degrade

Nanofiber Solutions || 18 

How Nanofiber Compares to Native Tissue 

The tremendous potential of nanofiber substrates for cell culture can be further demonstrated by 

comparing SEM images of native human tissue and Nanofiber Solutions products. As can be seen 

in the pictures below, Nanofiber Solutions products mimic the natural environment found within a 

living organism to a much greater degree than does the widely-used TCPS.  

Nanofiber Solutions Products and Lung Tissue 

 

 

 
             Native Tissue                    Tissue Culture Polystyrene          Nanofiber Solutions Product 

Nanofiber Solutions Products and Blood Vessel Tissue 

 

 

 
 

                  Native Tissue                    Tissue Culture Polystyrene        Nanofiber Solutions Product 
Nanofiber Solutions Products and Mesenchymal Tracheal Tissue 

 

 

 
 
 
 
            Native Tissue                      Tissue Culture Polystyrene            Nanofiber Solutions Product 

2D VS 3D

•  Polymers can be coated with extracellular matrix proteins such 
as laminin, collagen, fibronectin, poly L-Lysine, ligands, etc. 
with simple lab protocols

• Cells are easily removed using Trypsin-EDTA, or Accutase

•  Plates are plasma surface treated and ready to use directly out 
of the package

•   Each plate is UV light, gamma irradiated or e-beam treated 
and are shipped sterile.

BPAE Cells showing DNA 
(blue), alpha-tubulin (green) 
and F-actin (red)
Etaluma LS 620 40x

Spheroids
Etaluma LS 720

Quintech Life Sciences  
TisXell Bioreactor

Bi-Axial Rotating Bioreactors with 
Perfusion
• Biaxial, uniaxial or swing modes of operation

• Continuous perfusion from 3 to 500 mL/min

• Working volume: 50, 250, 500 and 1000 mL

• Oxygenator column unit to facilitate gaseous exchange

• Sensor bank for optional temperature, pH and oxygen probes

• Customizable scaffold holders 

•  Accelerates cell growth and proliferation

•  Supports homogenous cell culture at surface  
and core of 3D scaffolds

•  Maintains functionality and viability of tissue  
constructs or implants

•  Reduces formation of necrotic neo-tissue

•  Promotes integration of implants to surrounding tissue

Key benefits

•  Provides biaxial revolution in two independent axes

•  Allows for flexible operation modes

•  Permits efficient nutrients and waste exchange  
within the 3D scaffolds

•  Unique spherical vessel design promotes a conducive 
growth environment

Unique features

Bone Regeneration

Biomaterial Testing

Adipose Tissue for Breast Reconstruction 

Co-culture hfMSC and co-culturing with EPC

Bone marrow Stromal Cells

Cartilage Regeneration

Stem Cell Expansion

Heart Patch Research
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For Bone Cells
• Enhanced Cell Proliferation and Viability

Increased necrosis in conventional culture conditions  
after 28 days

3 months after tissue engineered bone graft

• Increased Osteogenic Properties

Conventional

Conventional

TisXellTM

TisXellTM

Rheolution Inc. 
ElastoSens™ Bio – Soft Matter Analytics

Real-time & Non Destructive 
Viscoelasticity Testing 
ElastoSensTM Bio is a benchtop instrument that precisely  
characterizes in real-time the viscoelastic properties of soft 
materials without contact and without destroying samples. 
Samples are contained into removable sample holders that 
can be disconnected, stored out of the instrument and  
re-connected for re-testing as many times as required.  You can 
remotely monitor and analyze your test with the Soft Matter 
Analytics™ tablet.

Sample holder

Pour or directly print your 
sample into the sample holder

Contact free vibrations are 
applied to the sample. Sam-
ple resonance is captured  
by a laser and ultrasounds

Raw data is processed and  
viscoelasticity is displayed in 
real time

1. Sample loading 2. Vibration
3.  Data processing  

& Display

Sample

Flexible membrane

Peltier temperature  
advanced control  

4 °C - 70 °C

Bio - Mode

37°C

Built-in gas entries for  
environmental control

3 Built-in photostimu-
lation sources 365nm, 

385nm, 405nm  

Enables retesting of 
your sample

G’’ = shear loss modulus 

G’ = shear elastic modulus 

Testing of 3D bioprinted multimaterial scaffolds

Viscoelastic properties of 3D bioprinted scaffolds with either a single 
material or composite materials were assessed.
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fiber diameters (different porosity) were assessed. Viscoelasticity 
was processed via the shear elastic  modulus (G’)
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Protein Fluidics Inc. 
Pu.MA System

Automated 3D Cell-Based Assays
The Pu·MA System 3D allows media, metabolite or reagent 
exchanges in a specially designed flow chip to automate  
assays for your 3D cell models, organoids and spheroids.  
Fluid movements are precisely pneumatic controlled. The 
assays take place in a protected chamber that eliminates all 
temperature and mechanical perturbations of the 3D cell  
models during fluid transfers and incubation steps.

• 8-32 samples per run

• 1-5 days processing time

• 10-20 µL reagent volume

• Compact system fits any standard cell culture incubator

• Compatible with high content imaging and plate reader systems

• Compatible with Matrigel

Load Cells Load Reagents Place Plate
in System

Press Play Automated « hands-off » steps 
for complex assay protocols

Immunofluorescence staining

In situ cell lysis  
and Supernatant Sampling

Staining for Cell viability Markers

Ready for Analysis

Toxicity analysis with HepG2 spheroids  
A Confocal imaging of HepG2 spheroids treated 
with increasing concentrations of Staurosporine  
(0 to 10 μM) and stained with nuclear stain (Blue),  
cell viability dye (Green), cell death stain (Red).  
B Percentage cell number live versus dead cells 
upon treatment . C In situ secreted factor analysis by  
measuring VEGF levels from the media sampled af-
ter  spheroid incubation with Staurosporine treatment. 
from: Application Note - Protein Fluidics

C In Situ Secreted Factor AnalysisB Live/Dead Analysis

Sequential Drug Addition

Perform in situ media exchanges, compound additions 
and supernatant sampling 

Protected sample chamber to prevent 
cell damage

    The Pu·MA System can automatically perform complex 
assay steps using proprietary microfluidics.  
All reagents are loaded into flowchips and then incuba-
tion, media exchanges, cell secretion sampling and other 
steps are executed by the system program (schematic of 
fluid transfers is shown in Figure 6A).

     The key features are:

• 3D Cell models remain in the protected sample
chamber during the assay (Figure 6B)

• 95% of media can be exchanged without
drying cells

• There is no direct fluid flow over cells to disrupt
the cell structures (Figure 6B)

• Optically clear bottom allows high resolution
imaging

Summary

875 Cowan Road, Suite B, Burlingame, CA 94010 USA+1-650-529-5080 · www.proteinfluidics.com

For research use only. Not for use in diagnostic procedures. Protein Fluidics, Protein Fluidics Logo and Pu·MA System 
are registered trademarks of Protein Fluidics, Inc. © 2020 Protein Fluidics, Inc.  All rights reserved. Product specifica-
tions may change. Rev  01/2020-1

Figure 6.  Pu·MA System microfluidics. A Schematic show-
ing typical protocol steps available with the Pu·MA System.  
All steps are performed automatically inside an incubator. 
B Schematic of the protected sample chamber and fluid 
flow.

#3DCellAssay #PuMASystem #flowchip

4

     In this application note we have demonstrated 
capabilities of the Pu·MA System 3D to perform: 

• automated organoid / spheroid  processing
• in situ sampling for secreted factor(s) analysis
• in situ staining and imaging within flowchips
• multiple readouts from a single sample

Using streamlined workflows and Pu·MA System
protocols, we showed staining and imaging of two 
different 3D cell models in response to different drugs 
and drug concentrations. We showed that with in-
creasing concentration of drug treatments we could 
quantify phenotypic changes in the cells, such as 
changes in cell death and in secreted factors all within 
physiologically relevant conditions with minimum per-
turbation to the samples. 
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Figure 4.  Toxicity analysis with HeLa spheroids. A Confocal image HeLa Cells control and treated (either Valinomycin or 
Staurosporine) samples. Control and treated HeLa spheroids, stained with nuclear stain (Hoechst, Blue), cell viability stain 
(Calcein AM, Green), apoptotic stain (Ethidium Homodimer 1, Red) and imaged within the flowchips. The panels below 
show detailed image analysis of the spheroids as observed within the flowchip. Image analysis was performed either in 3D 
or using the 2D Projection (MaxPro) image of confocal image stacks. B Bar graph indicating numbers of total, live or dead 
cells upon treatment with Valinomycin 1µM or Staurosporine 1µM.

Figure 5.  Toxicity analysis with HepG2 spheroids. A Confocal imaging of HepG2 spheroids treated with increasing con-
centrations of Staurosporine (0 to 10 µM) and stained with nuclear stain (Hoechst, Blue), cell viability dye (Calcein AM, 
Green), cell death stain (Ethidium Homodimer 1, Red). B Graph indicating percentage cell number live versus dead cells 
upon treatment  different Staurosporine concentrations (0.01 µM−10 µM). C In situ secreted factor analysis was done by 
measuring VEGF levels from the media sampled after spheroid incubation with Staurosporine treatment (0.01 µM−10 µM). 
VEGF levels in the media collected was measured by ELISA.
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„I have used TisXell for several years as part of my research 
in regenerative medicine of cartilage. The aim is to syn-
thesize chondrocytes from stem cells in biodegradable  
3D scaffolds. Tisxell was already known for its applications 
in bone tissue engineering. I wanted to adapt it for cartila-
ge tissue engineering, with success.

The characteristics of TisXell are ideal for the in vitro  
synthesis of chondrocytes because this device allows  
both continuous irrigation by laminar flow in the heart of 
the cellularized scaffold and exerts a mechanical stimu-
lation due to its biaxial rotation, which is favorable to the 
synthesis of cartilage.“
Nathalie Luciani, Researcher, Université Paris-Diderot

„
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AxoSuite Control enables users to manually adjust temperature, pressure and voltage of each 

printhead individually, also users can do manual  movement and control the cabin leds, uvs and 

HEPA filter that comes with the machine.

AXOSUITE

CONTROL

Axolotl Biosystems

3D Bioprinter
Bioprinting is creating solid models or cell scaffolds accor-
ding to computer generated 3D models with the usage of 
biocompetible polymeres, bioinks and cell suspensions.

PCL

PLLA

PEG/PEGDA

Silk Fibroin

Propylene Glycol

Alginate

Nanocellucose

Collagen & Gelatin Solutions

Cell Suspensions

Ceramic Based Cement

Metal Based Cement

and more...

Brioprinting Living Tissues Printing Materials

Bone and Cartilage Productions

Soft Tissue Productions

Bone Marrow Stromal Cells, Mesenchymal Stem Cells, 
Cardiac Progentior Cells, Human Umbilical Vein  

Endothelial Cells, Chondroctyes, Fibroplast

Controlled Dispension of Drugs

3D Organ Bioprinting
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Protocol wizard is very easy, powerful and a fast tool 

for users to create their protocol.
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AxoSuite Control enables users to manually adjust temperature, pressure and voltage of each 

printhead individually, also users can do manual  movement and control the cabin leds, uvs and 
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AXO Melt Electrowriting (MEW)  grants the researchers  the ability to execute  

electro-spinning and writing processes. These processes are resulted withcre-

ation of micro- and nano-fibers. With di�erent collector options, Axo MEW 

becomes the tool of choice for your research. Flat Collector and Rotary 

Collector can be integrated to meet your specific research needs.

Electrospinning Electrowriting

HD Camera 
Toolhead

UV Curing 
Toolhead

UV Crosslink 
Toolhead

Heated
Printhead

Melt 
Electrowriting 

Toolhead

Cooled
Printhead

Print your meltable polymers 
on submicron level in a real  
3D shape without any harmful  
solutions.

Brioprinting

Printheads & Print Surface

Noozles & Needles

Hardware

Software

Build Volume

Layer Resolution

XYZ Positioning Resolution

Printhead Slots

Air Pressure Range

Needle Calibration

Sterilization

Air Filtering

Connectivity

Supported File Types

Infill Density Range

Infill Pattern Types

Print Surface Type

Printbed Surface  
Temperature

130 x 90 x 80 mm

<10 µm

1.25 µm

Up to 6, Can perform multiphased bioprinting

0 – 120PSI

Automatic

UV-C

HEPA and prefilter with 0,2 micron membranes

USB

STL and .gcode

%0 to %100

Rectilinear, Grid, Aligned Rectilinear,  
Honeycomb, Concentric, Cubic, Wave

Petri Dish, Well-Plate, Glass Slide, Custom Surface

From -10°C (with module) to 60°C

Resolution 
1920*1080

365 nm
395 nm 
405 nm

405 nm Up to  
265°C

Up to 
30 kV

Down 
to 3°C

Inner diameter of bioprinting needles

Lenght option of bioprinting needles

Stainless Steel nozzles for printing scaffold

Brass nozzles for printing scaffold

14G to 34 G

0,5 inch, 1 inch

S100, 200, 250, 300, 400 micron

100, 200, 250, 300, 400 micron

ALL COMBINED  
IN THE SAME  
PLATFORM...

CONTROL • PROTOCOL • MODE • PRINT

... SCAFFOLDS CAN BE CREATED  
WITH ANY TYPE OF POLYMERS  

AND INNER STRUCTURE.
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