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Transition to Brian
Thank you, Diane! Good afternoon everyone, and thank you for joining us for this webinar!  The last time I presented I revealed that ATCC was taking on new efforts to validate its neural progenitor cells as essential tools for toxicological screening. Today, I will present ATCC’s Parkinson’s disease-derived neural progenitor cells. Like our other neural progenitor cells, these can be differentiated into multiple neural lineages or used in their undifferentiated state to investigate the pathogenesis of Parkinson’s or used for neurotoxicity studies.
But, before I talk about these innovative neuroscience tools, let me provide a brief background about our company. 



Established 
partner to 
global 
researchers 
and 
scientists

About ATCC

 Founded in 1925, ATCC is a non-profit 
organization with headquarters in Manassas, 
VA

World’s premiere biological materials 
resource and standards development 
organization

 ATCC collaborates with, and supports, the 
scientific community with industry-standard 
biological products and innovative solutions

 Strong team of 400+ employees; over one-
third with advanced degrees
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Founded in 1925, ATCC is a private, independent, non-profit organization that serves and supports the scientific community with industry-standard products and innovative solutions.
  
AT ATCC, The core mission is to advance and apply scientific knowledge. This is done through a multifaceted approach that includes:
The acquisition of materials, which are either deposited or identified as a unique means of supporting scientific needs 
The authentication of materials through a polyphasic approach that employs genotypic, phenotypic, and functional analyses
The preservation of materials as low passage stocks
And the development of both acquired materials and novel scientific tools that have been generated at ATCC
 
The products at ATCC are also standardized so that we can provide resources for generating reproducible research data; additionally, these materials are stably distributed to both domestic and international scientific establishments.  
Through these efforts, ATCC has been a resource for the standard use of materials in in vitro biological research for 90 years, adding further credibility to scientific discoveries. 




Agenda
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Neural Progenitor Cells (NPCs) and Media

Background information
Differentiation potential of ATCC NPCs
Toxicological studies
Summary

NPCs
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Today’s presentation is broken up into 4 parts. I’ll start out by giving some background about the current status of neurobiology research, and what is needed for neurological models. I’ll then give an overview of ATCC Neural Progenitor Cells, including quality control data, biological markers, and how we monitor the differentiation of these cells. I will then show you how these cells can be used in toxicology studies, either in their undifferentiated state or after differentiation in ATCC dopaminergic neuron medium. 



The current status of neurobiology research
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NPC-derived neurons

 Primary cells from animals (mouse and rat neurons)
• Not predictive
• Donor variation

 Continuous cell lines (originally isolated from 
tumors)
• Not normal
• Not predictive

 Induced pluripotent stem cells (iPSCs; commercial 
or self-made)
• Time and labor intensive
• Often not validated for neural development
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In the current state of in vitro neurobiology research
Models come from either: primary cells from animals, such as mice and rats
Continuous cell lines that are usually isolated from tumors
And iPSCs, either commercially acquired or self made.
The problems with building your models of neurobiology from these sources are that
Primary animal neurons are not predictive, and have wide donor variation. In addition, no whole animal model completely recapitulates the clinical symptoms and pathology of PD seen in humans, which suggests that the cells derived from these animals would also not fully represent the human diseased state in vitro.
Continuous cell lines are not isolated from normal cells, and thus may not be predictive of the in vivo situation.
And creating iPSCs and then neurons from iPSCs is very time and labor intensive. It can take from 8 to 10 weeks to create the NPCs, then additional time to differentiate them. There is also the problem of securing iPSCs from Parkinson’s disease patient tissue.




What is needed?
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 Biologically relevant models

 A true disease model

 Validated neural functioning

 Predictive for screening applications

NPC-derived neurons
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So what is needed for in vitro neurological studies are:
Biologically relevant models of normal and disease tissue, which have been validated for neural functioning and are predictive for 
screening applications in drug development, normal physiology research, and importantly toxicological studies. 
Neural progenitor cells answer all of these needs, as I’ll show you in the following slides.



Neural progenitor cells (NPCs) - Neuronal 
differentiation
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Astrocyte

Neuron

Oligodendrocyte

NPCiPSC Embryoid body
3-4 weeks

2-3 weeks

6-7 weeks

NPCs:
 Shorten research time
 Human model
 Predictive screening 6

6-8 weeks
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Ive shown this slide in previous webinars, but to help us understand how NPCs can be the ideal model for neural toxicology and other studies, I’d like to take you through the process of neuronal differentiation. In vivo neural stem cells undergo asymmetric cell division cycles, which give rise to either more neural stem cells or to neural progenitor cells. The NPCs may then differentiate down different lineages that have specialized morphologies and functions, and develop the marker expressions of those neural lineages. 
Neuronal differentiation from iPSCs is also characterized by these changes. At ATCC, we have established a process that can generate an unlimited supply of NPCs from normal and disease iPSC lines via the formation of embryoid bodies. iPSCs express Tra-1-60, which we use as a marker of their pluripotent state. 
Over the course of 4 to 8 weeks, when cultured in our proprietary NPC expansion medium, the iPSCs form 3 dimensional aggregates called embryoid bodies. These are broken up and the cells are replated in the NPC expansion medium. Subsequently, the replated cells differentiate into NPC’s. during this differentiation process, Tra-1-60 expression lost and is replaced by nestin and pax-6, which are widely regarded as markers of NPCs. 
Expression changes again when NPCs differentiate further into their lineages, which is achieved by culturing the cells in lineage-specific medium formulations. NPCs that differentiate into astrocytes lose expression of nestin and pax-6 and instead produce glial fibrillary acidic protein (aka GFAP). NPCs that differentiate down the neuronal cell fate express microtubule-associated protein (or MAP2), double cortin (or DCX), and Neuron-specific class III beta tubulin (or TuJ 1). Neuronal cells can further differentiate into dopaminergic neurons and are identifiable by expression of tyrosine hydroxylase (or TH), an enzyme involved in dopamine formation. Finally, NPCs that differentiate into oligodendrocytes express the marker O4. 

So Implementing NPCs into your experiments saves 1 to 2 month’s worth of work, and gets you running your experiments on differentiated neurological cells sooner. Further more these neural cells will faithfully recapitulate the in vivo situation.



Neural Progenitor Cells (NPCs) from ATCC

NPC-derived astrocytes
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Value:

 Human models with no donor variation
 Live imaging is possible
 Cells exhibit full differentiation spectrum
 Complete system of cells and media will be available

Key benefits:

 More biologically relevant results/more predictive 
system
 Markers allow for easy endpoint readout
 Can differentiate to neuronal and glial cells
 Easy to use and saves time
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So, what are the advantages of using NPCs? 
First of all, since they are derived from human iPSC, NPCs are human models and exhibit no donor variation…
Also, since many of our NPC offerings contain reporter constructs live imaging is possible.
NPCs are flexible in that they exhibit full differentiation spectrum. In other words, they can differentiate into neurons, glial cells, or oligodendrocytes
IN addition, to simplify things for the culturist ATCC has a complete system of cells and media available for expansion and differentiation. ATCC also provides protocols to help you with your expansion and differentiation processes.
Some of the Key benefits of including NPCs in your research are:
They give more biologically relevant results and provide a more predictive system because they are derived from the same parental cell
Parkinson’s disease NPCs provide a model that could better replicate the disease state, but in vitro.
They express lineage markers for easy endpoint readout. IN addition, using our reporter-labeled cell lines ensure lineage identity
As mentioned above, they can differentiate down neuronal and glial pathways 
Our NPCs are easy to use because we provide a complete system of expansion and differentiation media, as well as validated protocols.
Finally, and possibly most importantly, utilizing NPCs to saves time in that you save about 8 weeks of embryoid body formation. You can work with your differentiating or terminally differentiated NPCs much sooner, and your experiments will yield results faster. 




ATCC® NPC offerings
ATCC® No. Designation

ACS-3003 NPC Growth Kit – add to DMEM/F12

ACS-3004 NPC Dopaminergic Differentiation Kit – add to DMEM/F12

ACS-5001 NPCs derived from ATCC-DYS0530 Parkinson’s Disease (ACS-1013) New!

ACS-5003 NPCs derived from ATCC-BXS0117 (ACS-1031)

ACS-5004 NPCs derived from ATCC-BYS0112 (ACS-1026)

ACS-5005 Neural Progenitor Cells derived from XCL-1 DCX-GFP
(for late neuron differentiation)

ACS-5006 Neural Progenitor Cells derived from XCL-1 GFAP-Nanoluc®-Halotag®  
(for astrocyte differentiation)

ACS-5007 Neural Progenitor Cells derived from XCL-1 MAP2-Nanoluc®-Halotag®
(for early neuron differentiation)

ACS-2103 Screening Fee – For Profit 

ATCC® ACS-1026 – iPSC derived from bone marrow CD34+ cell from Caucasian male
ATCC® ACS-1031 – iPSC derived from bone marrow CD34+ cell from Asian female 

Reporter lines from iPSC derived from cord blood CD34+ from a Caucasian male
(XL-1 iPSCs  from NIH)
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ATCC has several NPC offerings, including 
neural progenitors derived from a normal, bone marrow CD34+ iPSCs. These include ACS-5003, which is one of the subjects of our study today. I’ll also be focusing on ACS-5001, which are NPC’s that were derived from iPSCs created from a patient with Parkinson’s disease.
We have reporter cell lines which can be used to monitor late neuron differentiation, astrocyte differentiation, and early neuron differentiation. One has a GFP marker linked to doublecortin expression. Another has a Nanoluc Halotag reporting GFAP expression. ACS-5007 has a MAP2-Nanoluc Halotag reporter which informs early neuron differentiation. I will later focus on ACS-5001 and ACS-5003 in the toxicological study.
We also carry a growth and expansion kit and dopaminergic neuron differentiation kit, which you simply add to DMEM/F12 to make your complete medium.




QC testing of ATCC® NPCs
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 Post-thaw cell viability: >80% 

 Post-thaw viable cell number: >1x106 cells/vial 

 Longevity: >15 PDLs or 5 passages

 NPC marker expression: Nestin+, Pax-6+, and Tra-I-60-

 Differentiation potential: 

• Tuj1+ early neurons
• TH+ dopaminergic neurons
 Identity: STR profile matching parental iPSC line

 Sterility, mycoplasma, and viral panel testing: None 
detected

NPC-derived oligodentrocytes

Presenter
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I would like to point out that we perform full characterization of ATCC NPCs such as post-thaw cell count, cell longevity, NPC marker expression, and neuronal differentiation potential. We also perform standard cell biology QC testing such as STR profiling, Sterility, Mycoplasma, and viral panel.  




Agenda
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NPCs and Media

Background information
Differentiation potential of ATCC NPCs
Toxicological studies
Summary

NPCs
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So I’ve given you some background information about iPSC-derived neural progenitor cells, I’d like to guide you through the differentiation of these cells



NPC Marker
 Nestin
 Pax-6

iPSC Marker
 Tra-I-60

Pax6

Nestin

Tra-I-60

PC

ATCC normal NPCs express NPC markers but not
iPSC markers
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We first took a look at the expression of the positive markers of NPCs: Nestin and Pax-6, and the negative marker Tra-I-60 in our neural progenitors. These cells were incubated in ATCC expansion medium as mentioned earlier. 
As you can see, the ATCC NPCs expressed Nestin and Pax-6  and lacked expression of Tra-I-60. So, according to our phenotypic criteria, we have “good” NPCs.




ATCC Parkinson’s disease NPCs express NPC 
markers but not iPSC markers
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Nestin Nestin + DAPI

Pax-6 Pax-6 + DAPI

Sox1 Sox1 + DAPI

Tra-I-60 Tra-I-60 + DAPI
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Next we’ll look at the expression of those markers in the Parkinson’s NPCs: These cells were incubated in ATCC expansion medium as in the cells in the previous slide. 
As you can see, the ATCC NPCs expressed Nestin (in green) and Pax-6 (in red) and lacked expression of Tra-I-60. So the Parkinson’s NPCs also fulfilled our criteria.




Dopaminergic neuron differentiation of NPCs

Tuj1 TH/DAPI

13

Presenter
Presentation Notes
We then wanted to confirm that our dopaminergic neuron media could induce differentiation of NPCs. Normal human NPCs here ACS-5003™; a non-reporter line were seeded on CellMatrix Basement Membrane Gel-coated 12-well plates at a seeding density of 10,000 cells/cm2 and cultured in NPC expansion media (ATCC® ACS-3003™) overnight. We then incubated the NPCs with Dopaminergic Differentiation Media (ATCC® ACS-3004™) for up to 3 weeks. This, by the way, is the treatment parameters for the other dopaminergic differentiation studies that I’ll show you for this particular cell line today.
Immunostaining of tyrosine hydroxylase and TuJ1 indicate that ATCC NPCs had a potential to be differentiated into Tuj1+ early neurons on the left-hand panel - and on the right TH+ dopaminergic neurons.





Dopaminergic neuron differentiation of Parkinson’s 
disease NPCs
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Tuj 1 TH + DAPITH
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We then wanted to confirm that our dopaminergic neuron media could induce differentiation of NPCs. Parkinson’s disease NPCs; here ACS-5001 were seeded on CellMatrix Basement Membrane Gel-coated 12-well plates at a seeding density of 10,000 cells/cm2 and cultured in NPC expansion media overnight. We then incubated the NPCs with Dopaminergic Differentiation Media (ATCC® ACS-3004™) for up to 3 weeks. 
BTW, Slightly different from the normal NPCs differentiation protocol, the differentiation media for these cells also contained 5 uM CHIR99021 (CHIR), a potent GSK3b inhibitor known to strongly activate WNT signaling. 
Immunostaining of tyrosine hydroxylase and TuJ1 indicate that ATCC NPCs had a potential to be differentiated into Tuj1+ early neurons on the left-hand panel - and on the middle and right, TH+ dopaminergic neurons.





Astrocyte and oligodendrocyte differentiation
Astrocyte differentiation

Oligodendrocyte differentiation

O
4
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ACS-5003                                                ACS-5001

G
FA

P
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Since NPCs can reportedly differentiate into glial and oligodendrocyte cells, we looked at the expression of markers of those cell fates. In this study we compared: 
Normal iPSC-derived, and 
Parkinson’s disease fibroblast iPSC-derived NPCs. 
We incubated groups of each of these cells with In-house oligodendrocyte differentiation media for about 8 weeks and other groups of NPCs with commercially available astrocyte differentiation media for about 5 weeks. 
If we look at the upper panels what we see is similar staining and morphology for the astrocytes for both cell types. Take a look at the lower panels. While the staining was similar for the oligodendrocyte lineage-differentiation, the morphology in the Parkinson’s disease derived NPCs was different.



Dopaminergic neuron differentiation of NPC 
reporter lines
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MAP2- NanoLuc®-HaloTag®                       DCX-GFP                       GFAP-NanoLuc®-HaloTag® 
(ACS-5007) (ACS-5005) (ACS-5006)

A. c.

D. F.
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As an aside: I’ll show you the complete range of what we have for NPCs; Here we looked at the dopaminergic neuron differentiation of NPC reporter lines. Immunostaining of tyrosine hydroxylase andTuJ1 indicate that all three NPC  reporter lines had a potential to be differentiated into Tuj1+ early neurons (stained in green) and TH+ dopaminergic neurons (stained in red) after a 3 week incubation with ATCC dopaminergic neuron differentiation media.




Expression of the luciferase reporter during 
dopaminergic neuron or astrocyte differentiation

Luciferase secretion during dopaminergic 
neuron differentiation of NanoLuc®-HaloTag® 
NPCs

Luciferase secretion during astrocyte 
differentiation of GFAP-NanoLuc®-
HaloTag® NPCs
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MAP2-NanoLuc®-HaloTag®

GFAP-NanoLuc®-HaloTag®
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In addition to regular NPC features, we can quantitatively monitor the process of lineage specific differentiation of the two Nanoluc-Halotag reporter lines.  

As shown in top panel, Nano-luciferase secretion in dopaminergic culture media of MAP2-Nanoluc-Halotag reporter NPCs significantly increased in a time-dependent manner.  
Treating MAP2-Nanoluc-Halotag reporter NPCs with ATCC Dopaminergic differentiation media resulted in marked increase in luciferase secretion that was observed at 4 days and was sustained up to 18 days.  
Likewise we can see Nano-luciferase secretion in GFAP-Nanoluc-Halotag reporter NPCs in a time-dependent manner after treating cells with astrocyte differentiation media.  There was a significant increase in luciferase in day 16.  Therefore, these NPC reporter lines can be used to assess the progress of NPC neural differentiation.



Expression of the GFP or HaloTag® reporter during 
dopaminergic neuron or astrocyte differentiation
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In addition to monitoring GFAP or MAP2 expression by measuring luciferase activities, (as shown in middle and bottom panels), we can qualitatively track GFAP or MAP2 expression by using  immunocytochemistry with Halotag antibodies or by live imaging with fluorescence-labeled Halotags. 
In addition, Halotag expression was co-localized well with GFAP or MAP2.

The top panel shows the time-dependent expression of GFP in DCXp-GFP reporter line incubated in ATCC dopaminergic neuron differentiation media over the course of 20 days.  Therefore, we can monitor the process of mature neuron differentiation by GFP imaging.  These NPC reporter lines provide a powerful tool for studying lineage specific differentiation and for drug screening.




Development of ATCC’s NPC expansion and 
dopaminergic differentiation media
NPCs cultured in company A NPC expansion media (top row) or ATCC NPC 
Growth Kit (bottom row) for 3 passages prior to differentiation using ATCC’s 
NPC Dopaminergic Differentiation Kit 

ATCC® No. Designation

ACS-3003 NPC Growth Kit

ACS-3004 NPC Dopaminergic 
Differentiation Kit
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As mentioned before, we have developed a dopaminergic neuron differentiation media. Both NPC growth and dopaminergic neuron differentiation media have been validated in all of our NPC lines. 
For example, our normal NPCs cultured in either an alternative supplier’s media or ATCC growth media for 3 passages exhibited a similar efficiency of dopaminergic differentiation after treating the NPCs with ATCC dopaminergic neuron differentiation media for 3 weeks.  
Therefore, ATCC can provide complete culture solutions for the growth, expansion, and dopaminergic differentiation of neural progenitor cells.





Expression of genes associated with the 
differentiation of NPCs

TaqMan® primers were used to identify the presence of other 
types of neurons during dopaminergic neuron differentiation 
using ATCC® ACS-3004™ media

Dopaminergic neurons: TH, Nurr1, VMAT2, AADC

Glutamatergic neurons: GLS2, vGLUT1,vGLUT2

Gabaergic neurons: GABA (GABRB3)

Motor neurons: EN1, LIM3, and Hb9 

Cholinergic neurons: ChAT
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So we looked at the differentiation potential of ATCC neural progenitor cells via immunocytochemistry and reporter expression. We wanted to confirm those data by looking at the gene expression of NPCs after differentiation using our dopaminergic neuron media. In addition, in the natural in vivo environment many different types of neurons can be formed from the same growth factors in our media. Therefore, we couldn’t ignore the idea that other mature neural types could be found among our differentiated dopaminergic neurons. Aside from dopaminergic neurons, we tested for  the expression of markers of glutamatergic, gabaergic, motor, and cholinergic neurons.

We chose the PD NPC line ACS-5001, the normal NPC cell line ACS-5003 and the reporter cell line ACS-5007 which has a MAP2-Nanoluc-Halotag reporter to look at the gene expression of these markers in NPCs after treatment with dopaminergic differentiation media.
RNA was extracted from ACS-5001, ACS-5003 and ACS-5007 NPCs treated with the dopaminergic differentiation media for 0, 1, 2, or 3 weeks and cDNA was synthesized for qRT-PCR analysis of neuronal gene expression by using TaqMan® probes (Thermo Fisher Scientific, Inc.) shown here.  




Early and dopaminergic neuron gene expression
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NPC-derived dopaminergic neurons

Upregulation of early and dopaminergic 
neuron genes in ACS-5001, ACS-5003, and ACS-
5007 NPCs during dopaminergic neuron 
differentiation
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First we confirmed upregulation of early and dopaminergic neuron genes



Fo
ld

 In
du

ct
io

n 
of

 M
AP

2 
m

R
N

A

Fo
ld

 In
du

ct
io

n 
of

 M
AP

2 
m

R
N

A

0 1 w k 2 w k 3 w k
0

1

2

3

4
M A P 2

A C S - 5 0 0 1

 *

 *

* *

0 1 w k 2 w k 3 w k
0

2

4

6

8
M A P 2

A C S - 5 0 0 3
A C S - 5 0 0 7

  * * *

 * *

 *

* * * * * *
* * *

Expression of early neuron gene MAP2

Dopaminergic Differentiation Dopaminergic Differentiation

22

Presenter
Presentation Notes
Upregulation of early neuron and dopaminergic neuron genes in ACS-5003 and ACS-5007 NPCs during dopaminergic neuron differentiation
Here we see that the functional neuronal marker MAP2 mRNA increased significantly during three weeks of neuronal differentiation of ACS-5003 and ACS-5007 NPC lines using dopaminergic differentiation media (ATCC® ACS-3004). We also saw this in the ACS-5001 PD cells. This confirmed our immunocytochemistry and reporter activity evidence that I showed you previously.
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Upregulation of early neuron and dopaminergic neuron genes in ACS-5003 and ACS-5007 NPCs during dopaminergic neuron differentiation
Similarly, Tuj1 (TUBB3) mRNA increased significantly during three weeks of neuronal differentiation of all three cell lines.
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In addition, From 2 to 3 weeks there was a significant increase in TH *(this converts L-tyrosine to L-DOPA, seen here on the left)
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We also see increases in NURR1 (this is a developmental transcription factor) mRNA expression. Because there was little increase in the expression of these genes in week 1 and week 2, this shows that the NPCs must differentiate for at least 3 weeks before we see mature mid-brain dopaminergic neurons. The expression seems to be lower in the PD cells, but it is significant.
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Related genes like VMAT2 and DAT with opposite functions also increased significantly. 
For example, here in the left panel *VMAT2-or Vesicular monoamine transporter 2 which is a membrane protein that pumps dopamine and other transmitters from cytosol to synaptic vesicles increased over the course of 3 weeks
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And 
* DAT-Dopamine active transporter which-pumps dopamine out of the synapse back into cytosol also showed a significant increase. This increase seems to drop off after the first week.
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Finally, we looked at expression of AADC, or aromatic L-amino acid decarboxylase, an enzyme that converts L-Dopa into dopamine. We saw that this enzyme also significantly increased in a time dependent manner in the normal and PD NPCs during neuronal differentiation 
So I’ve just showed the expression of 3 neuron cell fate genes and 4 dopaminergic neuron genes increases in neural progenitor cells after 3 weeks incubation in ATCC dopaminergic differentiation media. 
This, the immunocytochemical data, and the reporter expression data indicate that we reliably get dopaminergic neurons from this media. We now want to test what other types of neurons this media could stimulate the NPCs to differentiate into.




Glutamatergic and GABAergic gene expression
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NPC-derived neurons

Upregulation of glutamatergic and GABAergic 
neuron genes in ACS-5001, ACS-5003, and ACS-
5007 NPCs during dopaminergic neuron 
differentiation
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Next, we wanted to see if any of our NPCs differentiated into glutamatergic and GABAergic neurons.
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Dopaminergic Differentiation Dopaminergic Differentiation
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Upregulation of glutamatergic neuron genes in ACS-5003 and ACS-5007 NPCs during dopaminergic neuron differentiation
So the next three slides will focus on glutamatergic gene expression. Glutaminase 2 or GLS2 catalyzes the formation of glutamate from glutamine. It and the vesicular glutamate transporters vGLUT1 and vGLUT2 are markers of glutamatergic neurons. So first of all,we saw that the mRNA of GLS2 was increased in all three cell types.
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vGLUT1 was increased in all cell types as well, although its expression dropped in week three in the PD NPCs
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And we saw similar expression patterns of vGlut2 in all three cell lines, 
So we saw that the mRNAs of all three genes increased significantly in a time dependent manner during neuronal differentiation in the normal and Parkinson’s NPCs, indicating the presence of glutamatergic neurons.
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Upregulation of GABAergic neuron genes in ACS-5003 and ACS-5007 NPCs during dopaminergic neuron differentiation
Here we looked at the expression of a receptor of Gamma-aminobutyric acid, AKA GABA. We saw that mRNA increased significantly in the normal and Parkinson’s NPCs in a time- dependent manner during neuronal differentiation, indicating that we had GABAergic neurons in our cultures as well



Motor and cholinergic gene expression
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NPC-derived dopaminergic neurons

Upregulation of neuron genes in ACS-5001, 
ACS-5003, and ACS-5007 NPCs during 
dopaminergic neuron differentiation:

 Motor 
• LIM3 
• Hb9
• EN1 

 Cholinergic 
• ChAT

Presenter
Presentation Notes
We also decided to look for the major neuron types such as motor neurons and cholinergic neurons.
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We looked for upregulation of motor neuron genes such as LIM3, Hb9, and EN1. We also looked at the cholinergic neuron gene ChAT during dopaminergic neuron differentiation
There was a significant increase in LIM3 in the normal cells on the left, in the disease cells on the right. 
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Interestingly, (on the right) mRNA in ACS-5003 was increased but unchanged in the reporter-labeled ACS-5007. On the right it was elevated in the PD neurons, but this expression dropped after the initial spike at one week. Although it was still significant at 3 weeks. 
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In EN1 the expression rose after 2 weeks in the reporter-labeled line and 3 weeks in the normal line. In the dopaminergic line expression rose after 1 week and gradually dropped off. 
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the expression of the reporterline rose after 2 weeks. In the normal line the expression never seemed to get off the ground. In the dopaminergic line expression rose after 1 week and rapidly dropped off.

So generally speaking our NPCs showed an increase in the mRNA of a range of specific neuron markers after incubation in our dopaminergic differentiation media. We saw the most consistent increases in dopaminergic neural markers signifying the presence of those neurons. We also saw differing levels of other neuronal markers, suggesting a heterogeneous population of neurons within the treated cultures.




Protein expression
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NPC-derived neurons

Confirmation of protein expression in ACS-
5007 NPCs during dopaminergic differentiation 
by ICC

Presenter
Presentation Notes
In the next slide I’ll show data that confirms the gene expression data with immunocytochemistry analysis of NPCs during dopaminergic differentitation



Confirmation of dopaminergic neuronal-specific 
protein expression during differentiation by ICC
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We did immunocytochemistry using TH, Nurr1, GLS2, vGLUT2, ChAT, and Tuj1 antibodies in ACS-5007 NPCs differentiated into neuronal cells using our dopaminergic media for three weeks.

In this slide I show that Consistent with qRT-PCR data, we saw staining of  all of these neuronal markers.
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Neural Progenitor Cells and Media

Background information
Differentiation potential of ATCC NPCs
Toxicological studies
Summary

NPC-derived astrocytes

Presenter
Presentation Notes
So now that I’ve showed you the differentiation potential for these cells via qPCR and immunocytochemistry, I’ll move on into showing how NPCs can be used in toxicological studies.



Neurotoxicity studies
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NPC-derived oligodendrocytes

Neurotoxicity studies with ACS-5001 and ACS-
5003 NPCs 

 Resazurin viability 
• Reliablue™ (ATCC® 30-1014™)

Presenter
Presentation Notes
For neurotoxicity studies we looked at two assays:
Resazurin viability, which is a colormetric cell viability similar to the formazan-based assays. ATCC has recently released its highly sensitive and easy to use resazurin reagent call Reliablue.
The two toxicity studies I am about to show were performed using that reagent.
The first group of studies I will show you was done in undifferentiated neural progenitor cells. 
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The cells were treated with compounds 2 days after plating in ATCC NPC expansion medium. This experiment was done with passage 6 NPCs. They were treated with the drug for 2 days, and incubated with the Alomar blue dye for 6 hours. This figure shows the effect of three potential neurotoxins on ACS-5003 NPCs: 
Amiodarone, which has been associated with peripheral neuropathies), 
chlorhexidine (an agent recently identified to be neurotoxic to neurons, SH-SY5Y cells, and schwann cells), and the acute and chronic toxicant digoxin. paclitaxel, a microtubule stabilizer known to cause neuropathies in patients
cisplatin, a platinum based apoptotic agent, known to have neuropathic affects but reputed to not be neurotoxic. 
Piperine is a noiciceptive agent. In this experiment each of the compounds except for piperine displayed toxic effects on the NPCs. Paclitaxol and vincristine had the most profound effects which were also observed at the lowest concentration of 1 uM.
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We saw fairly similar trends in the undifferentiated Parkinson’s disease NPCs. These cells were resistant to cisplatin, piperine, and to all concentrations of hydroxyurea. The were sensitive at all concentrations to paclitaxel and vincristine. 
They also displayed sensitivity to amiodarone and chlorhexidine.



Neurotoxicity studies – ACS-5001 and ACS-5003
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Toxin ACS-5001 ACS-5003

Amiodarone Toxic Toxic

Chlorhexidine Toxic Toxic

Cisplatin Resistant Weakly toxic

Piperine Resistant Resistant

Vincristine Toxic Toxic

Hydroxyurea Resistant Weakly Toxic

Paclitaxel Toxic Toxic

Presenter
Presentation Notes
This table summarizes our toxicology study, 
On the first column of the table we show a list of the toxins that we tested. In ACS-5003 neural progenitor cells were sensitive to most of the compounds that they were teated with, with the exception of piperine (which was expected). Cisplatin and hydroxyurea caused only mild toxic effects and that at the highest concentrations. Similarly, amiodarone, chlorhexidine, vincristine, and paclitaxel exerted toxic effects on the PD NPCs. They were resistant to piperine as well as the compounds that the normal NPCs were only mildly sensitive to.
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Neural Progenitor Cells and Media

Background information
Differentiation potential of ATCC NPCs
Toxicological studies
Summary

NPC-derived astrocytes
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So now that I’ve presented our toxicological data, I’ll summarize the talk



NPCs – Summary 
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NPC-derived neurons

 Cells and media with easy to use protocols
• Expansion and Differentiation Medium

 Human model with no donor variation
• Ability to expand and bank

 Differentiation across a wide spectrum of neural and 
glial lineages
• Neurons
• Astrocytes
• Oligodendrocytes

 Live imaging of differentiation
• GFP expression upon neural differentiation

Presenter
Presentation Notes
ATCC has created neural progenitor cells, both normal non-reporter and lineage reporter lines and a Parkinson’s disease iPSC-derived line. We have also made media supplements for expanding your NPCs and differentiating them into dopaminergic neurons.

Our NPCs are a human model of the nervous system and because they are derived from iPSCs there is no donor variation. As I mentioned you can expand and bank these cells.

The cells can differentiate across a wide spectrum of neural and glial lineages. We have dependably differentiated our NPCs into neurons, astrocytes, and oligodendrocytes.

Live imaging of differentiation is possible with our GFP-expressing reporter line that signals end point neural differentiation.



NPCs – Summary 
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NPC-derived astrocytes

 Our studies demonstrated that ATCC normal and PD
NPCs have the potential to be differentiated into:
• Dopaminergic neurons
• GABAergic neurons
• Glutamatergic neurons
• Motor neurons
• Cholinergic neurons
after treatment of NPCs with ATCC dopaminergic
differentiation media

 ATCC NPCs are suitable for drug screening
applications

Presenter
Presentation Notes
Our studies demonstrated that after treatment with our dopaminergic differentiation media, normal and PD ATCC NPCs have the potential to be differentiated into:
Dopaminergic neurons
GABAergic neurons
Glutamatergic neurons
Motor neurons
Cholinergic neurons    

And finally, I showed you that ATCC NPCs are suitable for drug toxicology screening applications using a panel of 7 drugs with varying levels of neurotoxicity
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NPC-derived astrocytes

© 2018 American Type Culture Collection. The ATCC
trademark and trade name, and any other trademarks
listed in this publication are trademarks owned by the
American Type Culture Collection unless indicated
otherwise. NanoLuc®, HaloTag® and Promega are
registered trademarks or trademarks of Promega
Corporation. TaqMan® is a registered trademark of
Roche Molecular Systems, Inc.
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Thank you for joining today!
Visit us at SOT 18, booth 1422, March 11-15
 Exhibitor-hosted Session: March 14, 2018

Mindy Goldsborough, Chief Science and 
Technology Officer and General Manager, ATCC
Kevin Grady, Product Line Business Manager, ATCC
Chaozhong Zou, Senior Scientist, ATCC
Advanced In Vitro Solute Carrier Transporter 
Models for Renal Toxicity Studies and Screening

 Poster Presentations: March 12, 2018
Chaozhong Zou, Senior Scientist, ATCC
Advanced In Vitro Solute Carrier Transporter 
Models for Renal Toxicity Studies and Screening

Sheela Jacob, Scientist, ATCC
Comprehensive Gene Expression Analysis and 
Neurotoxicity Testing of Human iPSCs-Derived 
Neural Progenitor Cells and Neurons

Please email additional 
questions to: 
tech@atcc.org
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One last word, if you’re at Society of Toxicology and toxexpo this year, come by and visit our booth, number 1422. We also have an exhibitor hosted session featuring our advanced renal models, as well as two scientific poster presentations featuring some of ATCCs new toxicology tools. So thank you for your attention. With that I’ll pass the microphone back to Dr. xxx.
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