	 Sound Bite #
	Visuals
	Text

	1. Video Title – 3D Tissue Engineered Systems for Regenerative Approaches, Drug Discovery, and Toxicity Screening
(Video & Animation)
	(A) Start video with JoVE Science Education logo. Then fade on Title. Generic shots from video for 4 panel backdrop.

(B) 5052@00:22-00:24 (cells being added to T75 flask
) then 5052@01:06 (image of cell monolayer) OR Jove generated animation: from 3D_Jove_Figures.pptx slide 1, show liver, then have pink cells leave liver and align onto flat surface like 2D culture on left of figure 

(C) 5052@00:45-00:51 cells dividing in 2D culture (but possibly make cells more flat and no need for “toxic metabolite” production or media color changes [cells can still get “sad”])




	In vitro mammalian cell culture is an invaluable tool in cell biology. (A) Classically, monolayer cultures of adherent cells have been grown on flat, rigid two-dimensional substrates. (B) However, upon in vitro culture, many cells become progressively flatter, divide aberrantly, and lose their differentiated phenotype. (C) 


	2. Animation & Video


	(A) From 3D_Jove_Figures.pptx slide 2, have different 3D cultures appear sequentially with accompanying text

(B) SE/5209@01:22-01:32 brain slices being sectioned then cultured

	To truly mimic the native extracellular matrix in which most cells reside in vivo, a vast array of materials and fabrication techniques (A) have been developed to provide 3D microenvironments with the appropriate physical, biological, and mechanical characteristics for ex vivo cell culture (B). 



	3. Section title: 3D cultures using Hydrogels and Scaffolds
(Video & Animation)


	Below section title fade on insets of different clips within section


	First, let’s consider some of the different kinds of 3D cultures that utilize hydrogels and scaffolds.

	4. Video
	1590@5:52-6:23 (light-initiated free radical mechanism formation of synthetic hydrogel)

	Hydrogels are comprised of networks of cross-linked polymer chains or complex protein or polysaccharide-like molecules of natural or synthetic origin. 



	5. Video
	51517@00:19-00:44 (electrospinning scaffolds with growth factors animation)

	Due to their significant water content and range of tunable mechanical properties, hydrogels possess biophysical characteristics similar to natural tissue, making them highly effective matrices for 3D cell culture. 



	6. Subsection Title: Natural Hydrogels and Extracellular Matrices (ECMs)

(Video)


	51606@00:18-00:42  (tooth chitosan culture animation)
	Naturally derived hydrogels for cell culture are typically formed of proteins, polysaccharides and ECM
 
components.



	7. Video
	51311@02:16-3:29 malignant & benign breast cell culture w/ matrigel
	Gels derived from natural sources are inherently biocompatible and bioactive and promote many cellular functions due to the presence of various endogenous factors.

	8. Video

	SE/5209 01:03-01:19 (animation of primary cell culture tissue types) OR 51751@02:18-4:10 (mouse mesencephalon)
	However, natural hydrogels do present some disadvantages, including their isolation from animal-derived sources and the inherent batch-to-batch variability in their composition.

	9. Video
	(A) 51517@5:31-5:54 (electrospinning Hyaluronic Acid fibrous scaffolds)
(B) 51517@5:12-5:27 (electrospinning Hyaluronic Acid fibrous scaffolds)
	To circumvent some of these issues, matrices have been developed in organisms that are animal-free or derived from recombinant nucleic acid technology (A). For example hyaluronic acid
 is a polysaccharide-based biologically derived matrix used in 3D cell cultures (B).


	10.  Subsection Title: Synthetic Hydrogels and Extracellular Matrices

(Video)


	3D cell culture review Figure 2
	Synthetic hydrogels may be chosen when naturally derived biological matrices are unsuitable. 



	11.  Video
	(A) 1692 @00:08-00:45 PuraMatrix Encapsulation of cancer cells animation 

(B) 1692@06:08-06:23 representative results of encapsulation in PuraMatrix
	These kinds of hydrogels are formed of purely non-natural molecules and are biologically inert yet still provide structural support for various cell types (A). They are also highly reproducible, allow for facile tuning of their mechanical properties, and simple to process and manufacture (B).  



	12.  Video
	1692@01:28-02:54 preparing PuraMatrix

	An example of a tunable synthetic hydrogel is the Corning PuraMatrix™ Peptide Hydrogel, a self-assembling, synthetic oligopeptide that exhibits nanometer scale fiber.



	13.  Subsection Title: Solid Scaffolds
	50608@4:36-05:25 (preparation of PLGA solid Scaffolds)
	Solid scaffolds for 3D cell culture are fabricated with a broad range of materials including metal, ceramics, glass, and polymers for generating solid scaffolds of diverse size, structure, stiffness, porosity, and permeability. 



	14.  Video
	50608@11:30-11:51 (viewing cells on PLGA scaffolds) AND 50608@12:19 image of PLGA fibers +/- nanosensors (Figure 1B and C)
	The major drawbacks of using solid scaffolds, however, are their limited scope for cell imaging and difficulties when recovering cells from the matrix.  



	15.  Section Title: Spheroids
(Video & Animation)


	Below section title fade on insets of different clips within section


	Cellular spheroids comprise a more simple type of 3D model. 

	16.  Video
	5052@02:44-02:57 cells popping up and forming “sphere” (maybe exclude underlying monolayer if possible) OR 51926@07:01-07:06 spheroid in culture, then zoom into spheroid
	They can be generated from a wide range of cell types that form spherical structures naturally due to the tendency of adherent cells to aggregate. 



	17. Video
	(A) 51655@09:53-10:53 (representative results of ovarian cancer spheroid attachment & invasion)

(B) 51639@00:21-01:00 (high-throughput image analysis of tumor spheroids)
	Common examples of spheroids include embryoid bodies, mammospheres, tumor spheroids, hepatospheres, and neurospheres (A), making spheroids an especially good physiological 3D model for studying solid tumorigenesis and stem cell differentiation (B).



	18. Video
	4218@00:18-1:08 (introduction animation and overview of spheroid formation and culture examples) OR 51926@07:01-07:06 spheroid in culture, then zoom into spheroid OR 51639@00:21-01:00 (high-throughput image analysis of tumor spheroids) 
	In addition, spheroids can be readily analyzed by imaging using light, fluorescence, and confocal microscopies, which is an advantage over more complex 3D cell culture models. 



	19.  Section Title: Organoids
(Video & Animation)
	Below section title fade on insets of different clips within section


	Another major advancement in stem cell differentiation is the formation of self-organizing 3D mini “organs” known as organoids. 



	20.  Video
	(A) 51765@03:15-03:32 organoid formation/generation

(B) 3D cell culture review Figure 3 (entire figure of just 1-2 images)
(C) 3D cell culture review Figure 4 (entire figure or just 1-2 images)

	Recently, organoid cultures representative of a variety of tissues have been developed using Corning MatrigelTM Matrix scaffolding (A), including these dissociated mouse embryonic pancreatic progenitors (B) or these cerebral organoids with structural similarity to brain tissue (C).



	21.  Video
	(A) 50210@00:14-00:46 (animation of organoid primary culture of mouse colon tumors)

(B) 50210@01:11-01:35 colon tumor isolation/dissociation

(C) 51765@08:04-08:12 organoids with necrotic centers (indicate dark centers with “development of necrotic centers”) OR 50210@06:14-06:41 images of organoid development

	While in vitro culture of organoids is a major step toward elucidating the principles of organ development and the mechanisms responsible for genetic diseases (A), the consistency and predictability of obtaining the same structures varies from sample to sample (B).  Similar to spheroids, they are also limited in size by the development of necrotic cores, limiting their usefulness for regenerative approaches (C). 



	22. Section Title: Perfusion Bioreactors
(Video & Animation)
	Below section title fade on insets of different clips within section


	Indeed, one of the major challenges of creating 3D cultures in vitro is the limited mass transfer distances required for nutritional supply and removal. 



	23. Video
	(A) 50825@08:53 bioreactor schematic OR 50460@00:15-00:26 animated bioreactor schematic

(B) 50825@09:16-09:42 placement of lung/bioreactor setup

(C) 50825@09:58-10:12 placing bioreactor into incubator
	Bioreactors address this concer by controlling the physiological environment surrounding the 3D constructs (A), making these models essential when using larger constructs (B) or sustaining tissues in vitro for extended periods is required (C).



	24.  Video
	50460@00:30-01:10 animated set up of 3D cell culture in “size-restrictive” bioreactor OR 50460@07:43-08:30 video set up of cells in bioreactor

 
	In addition, bioreactors control the size and shape of the 3D cultures and promote uniform cell distributions.



	25.  Section Title: Microfluidic Technologies
(Video & Animation) 
	Below section title fade on insets of different clips within section


	Another physiologically relevant solution to address limited mass transfer in large tissue constructs is to recreate the tissue vasculature with interconnected, vascularizable channels. 



	26.  Video
	(A) 50735@00:25-00:33 schematic of microfluidic device

(B) 50735@00:18-00:24 animated tubes being added to interface

(C) 50735@00:35-00:46 animated arrows indicating how fluid/seeding moves through network
	As an artificial substitute to support high-density cell growth, ‘pseudovascularization’ through hollow fiber membrane bioreactors have also demonstrated promising results (A). The hollow fibers act as blood vessels for transferring culture medium throughout the tissue-engineered constructs (B), while the bulk can be seeded with extracellular matrix or other scaffold materials and cells (C).



	27.  Video
	50735 05:22-05:37 (final assembly of microfluidic device) (TEXT: i.e. 10-9 to 10-6 liters) 
	These microfluidic devices can manipulate small volumes to generate and precisely control dynamic fluid flow and spatio-temporal gradients, as well as deliver nutrients and other chemical cues to cells in a controlled manner. 



	28.  Video
	(A) 3791@09:15-09:21 samples being applied to microarray

(B) 3791@09:47-10:00 microarray scanning AND/OR 3791@10:05-10:20 array analysis


	Another microfluidic device, the microarray, which consists of a solid support wherein small volumes of different biomolecules and cells can be positioned in defined locations (A), also allows the multiplexed investigation of living cells and their responses to stimuli to improve cell viability and functions (B). 



	29.  Section Title: 

Applications:
(Video & Animation)
	 Below section title fade on insets of different applications
	Each of the models we discussed comes with its own set of advantages and limitations, and no one distinct model is suitable for all applications. Let’s look at some examples of how researchers put 3D cell culture models to work:



	30.  Subsection Title: Tissue modeling

(Video)


	(A) 3D cell culture review Figure 1

	Here a 3D in vitro model for endometrial glands is shown after 7-8 days of endometrial epithelial cell culture in medium containing Corning Matrigel™ Matrix.

  

	31. Subsection Title: Cell invasion
	Insert clip from Jove video 3525 showing use of cell culture insert
	Models of tumor cell invasion using Corning Matrigel Matrix and Transwell Inserts better reflect in vivo conditions than two-dimensional motility assays.

	32.  Subsection Title: Picking colonies

(Animation)
	(A) zoom into/highlight/otherwise indicate 3D cell culture review Figures 1A and 1F


	Immunofluorescence staining of various polarity markers confirmed that the glandular structures were composed exclusively of cells of epithelial origin. 

 

	33.  Animation 
	(A) zoom into/highlight/otherwise indicate 3D cell culture review Figures 1B and 1G
(B) zoom into/highlight/otherwise indicate 3D cell culture review Figures 1C and 1I
(C) zoom into/highlight/otherwise indicate 3D cell culture review Figures 1D and 1H

(D) zoom into/highlight/otherwise indicate 3D cell culture review Figure 1E

	Further, spheroids representing endometrial glands displayed the correct apical-basolateral polarity (A), positioning of Golgi apparatus (B), adherent junctions (C), and tight junctions (D).  



	34. Subsection Title: Proliferation and differentiation in 3D scaffold

(Video)


	3D cell culture review Figure 2
	In this study, a synthetic hydrogel, Corning PuraMatrix™ supplemented with laminin for neuronal differentiation of human neural progenitor cells, was used.

	35.  Animation
	(A) zoom into/highlight/otherwise indicate 3D cell culture review Figures 2A and 2B


(B) zoom into/highlight/otherwise indicate 3D cell culture review Figures 2C and 2D

(C) zoom into/highlight/otherwise indicate 3D cell culture review Figures 2B and 2D

(D) 50608@05:43-05:50 adding nanosensors to PLGA AND 50608@05:23-05:27 scaffold map production
	Using transmission light (A) and scanning electron microscopy (B) neural progenitor cell development into a dense network of neuronal processes was able to be observed (C), demonstrating how functionalization with the appropriate biological factors can convert inert synthetic matrices into useful in vitro models for supporting differentiation of stem and progenitor cells (D). 

	36. Subsection Title: Progenitor expansion and organized differentiation in organoids

(Video)


	3D cell culture review Figure 3
	This figures illustrates a schematic of 3D culture conditions that enabled the efficient expansion of dissociated mouse embryonic pancreatic progenitors. 

	37.  Animation
	(A) zoom into/highlight/otherwise indicate 3D cell culture review Figures 3A-C and 3G

(B) zoom into/highlight/otherwise indicate 3D cell culture review Figures 3D-F and 3H-J
	By manipulating the medium composition, researchers generated either hollow spheres mainly composed of pancreatic progenitors (A) or complex organoids that spontaneously underwent pancreatic morphogenesis and differentiation (B).



	38. Animation
	(A) zoom into/highlight/otherwise indicate 3D cell culture review Figure 4A

(B) zoom into/highlight/otherwise indicate 3D cell culture review Figure 4B

(C) zoom into/highlight/otherwise indicate 3D cell culture review Figure 4C
	While this schematic (A) facilitated the generation of cerebral organoids (B) with remarkable structural similarity to brain tissue that grew larger than typical cellular spheroids and survived for weeks to months (C).



	39.  Section Title:

Summary
(Video & Animation)
	(A) Multipaneled graphic of general generic cell passaging shots:

(1) 

(2) 

(3) 

(4) 

(B) Transition panels to relevant shots/animation as they are being discussed and then go to freeze frame:

(1) 


(2)

(3) 


(C) 


	You’ve just watched JoVE’s introduction to 3D cell culture techniques (A).  In this video we reviewed: different types of 3D models, some advantages and disadvantages of each, and some ways 3D cell cultures can be applied in the lab (B). Thanks for watching (C)!   


�Is this a  Corning (orange cap) flask ? I really don’t want to start the video with a shot of one of our competitor’s products. 


�May yet receive other animation from authors for these statements


�May yet receive other animation from authors for these statements


�I don’t know if  people ever say “E-C-M” in a presentation or always “extracellular matrix”


�Not everyone recognizes the initialism “ECM.” We should say “extracellular matrix” to be clear. 


�I don’t want to over promote a relatively new technology. 





