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LIVE CELL VISUALIZATION AND ANALYSIS
CROSS-REFERENCE TO RELATED APPLICATION

6061} This application claims priority to United States Provisional Patent Application
MNo. 62/584,388, filed November 10, 2017, which is mcorporated herein by reference.

BACKGROUND

16002] Cells {e.g.. cultured cells, explanted tissue samples) can be incubated in a
variety of media and exposed to a variety of conditions {e.g., temperature, dissoived gas levels,
radiation, humidity, added substances, elecirical or magnetic fields, viruses, microorganisms)
in order to assess the response of the cells to the applied conditions. The response of the cells
to the applied conditions can be measured in order 1o assess the efficacy of a drug or treatment,
1o assess the toxicity of a substance (e.g., of an experimental drug or treatment), to investigate
the eftect of a genetic modification of the cells, to investigate the metabolomics, structure, or
other properties of the cells and/or tissue formed therefrom, or to determine some other
information. This assessment can include removing the sample from the incubator and imaging
it {for example, using a fluorescence mucroscope or some other immaging apparatus).  This
imaging can include the addition of contrast agents or chenucal reagents the mayv result in
destruction of the sample. However, this method perturbs the sample being imaged, thus
requiring multiple sets of samples {0 be incubated, for respective different time durations, in
order to assess the response of the population of samples over time,

SUMMARY

16603] An aspect of the present disclosure relates t0 a method including: (i} capturing
amovie of a cell culture vessel; and (i1) generating a static range image from the movie, wherein
the range image s composed of pixels representing the nuninmnmn fluorescence intensity
subtracted from the maximum fluorescence intensity at each pixel location over a complete
scan period.

[6604] Another aspect of the present disclosure relates to a method of identifying
hiologically active cells during one or more periads of time. The method includes, for each of
the one or more periods of time: (1} generating a plurality of fluorescence activity images of a
sample contained within a sample container, wherein the sample includes biologically active
cells, and wherein each image of the plurality of {luorescence activity images includes a
respective plurality of pixel values, each pixel value corresponding to a respective pixel
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location within an image frame; (i) generating a fluorescence range image from the plurality
of fluorescence activity images by determuning a plurality of pixel values for the fluorescence
range image, wherein determuning a given pixel value for the fluorescence range image
includes determining a range of a set of pixel values, from each of the plurality of fluocrescence
activity images, that have pixel locations corresponding to a pixel location of the given pixel
value within the 1mage frame; (111} based on the fluorescence range image, determining a
tocation, relative to the image frame, of one or more active objects within the sample container
during a corresponding period of time, wherain each of the one or more active objecis is a
portion of at least one respective biclogically active cell present within the sample during the
corresponding period of time; and (1v) for each active object of the one or more active objects
within the sample container during the corresponding period of time, determining a respective
time-varying activity level of each of the one or more active objects across the corresponding
period of time. Delermining a respective time-varving activity level of each of the one or more
active objects across the corresponding pertod of time can include deternuning each time-
varying activity level based on a set of pixel values, from each of the plurality of fluorescence
activity images, that have pixel locations proximaie to the determined location of a
corresponding active object.

16005] Yet another aspect of the present disclosure relates to a method of identifving
biologically active cells during one or more periods of time. The method includes, for each of
the one or more periods of time: (i) generating a phurality of fluorescence activity images of a
sample contained within a sample container, wherein the sample includes biologically active
cells, and wherein each image of the plurality of fluorescence activity images includes a
respective plurality of pixel values, each pixel value corresponding to a respective pixel
location within an tmage trame; (i1} determining a location, relative to the image frame, of one
or more active objects within the sample container during a corresponding period of time,
wherein each of the one or more active objects is a portion of at least one respective biologically
active cell present within the sample during the corresponding period of time; (111) for each of
the one or more active objects within the sample container during the corresponding period of
time, determining a respective ime-varying activity level across the corresponding period of
time; and (iv) based on the time-varying aciivity levels determined for the one or more active
objects, selecting a subset of active objects from the one or more active objects by determining
that the time-varying activity level deternuned for the particular active object exhubits at least
one burst. Determining a respective time-varying activity level across the corresponding period
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of time can include determining the respective ime-varying activily level based on a respective
set of pixel values, from each of the plurality of fluorescence activity images, that have pixel
locations proximate to the respective determined location of the one or more active objects.
16006] ¥ et another aspect of the present disclosure relates to a non-transitory computer-
readable medium that is configured to store at least computer-readable mstructions that, when
execuled by one or more processors of a computing device, cause the computing device (o
perform computer operations carrving out one or more of the methods described herein.
[GG07] Yet another aspect of the present disclosure relates to a system including: (1)
one or more processors; and {11} a non-transitory computer-readable medium that 1s configured
to store at least coropuier-readable instructions that, when executed by the one or more
processors, cause the system to perform one or more of the methods described hereain.

[GGOS] These as well as other aspects, advantages, and aliernatives will become
apparent 1o those of ordinary skill in the art by reading the {following detailed description with
reference where appropriate to the accompanying drawings. Further, it should be understood
that the description provided in this summary section and elsewhere in this document is

mtended to llustrate the claimed subject matier by way of example and not by way of

hiitation.

BRIEF DESCRIPTION OF THE FIGURES
16009] Figure 1 depicts an example sample containing cells.
G616 Figure 2A depicts an image, taken at a {irst point in time, of the sample of Figure
I
6611} Figure 2B depicts an image, taken at a second point in time, of the sample of
Figure 1.
6612} Figure 2C depicts an image, taken at a third point i time, of the sample of
Figure 1.
16613] Figure 2D depicts an image, taken at a fourth point in time, of the sample of

Figure 1.

[B614] Figure 3 depicts a “range image” generated from the timages of Figures 2A-D,
[6G15] Figure 4 depicts a segmentation of the “range image” of Figure 3.
{6G16] Figure 5A depicts an example time-varving activity trace determined for a cell

or a portion of a cell.

16617} Figure 5B depicts an example time-~-varying activity trace determined for a cell
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or a portion of a cell.
[6618] Figure 5C depicts an example time-varying photobleaching curve determined

for a senes of images of a sample.

16019] Figure 6 depicts elements of an example automated sample imaging device,
16020} Figure 7 1s a flowchart of an example method.

6021} Figure 8 i3 a tlowchart of an example method.

0022} Figure ¥ is an image of an exarople imaging and analysis system.

10623} Figure 10 is a flowchart of an example method.

16624} Figure 11 1s a flowchart of an example method.

16025] Figure 12 depicts an example progression of development of a saraple over time.
10026} Figure 13A depicts example experimental results obtained using the systems

and methods depicted herein.

6027} Figure 13B depicts example experimental results obtained using the systerns
and methods depicted herein.

[6G28] Figure 13C depicts example experimental results obtained using the systems
and methods depicted herein.

16029} Figure 13D depicts example experimental results obtained using the systems
and methods depicted herein.

16030} Figure 13E depicts example expenimental results obtained using the svstems and
methods depicted herein.

0031} Figure 13F depicts example experimental results obtained using the systens and
methods depicted herein.

16632} Figure 13G depicts example experimental results obtained using the systems
and methods depicted herem.

10633} Figure 13H depicts example experimental results obtained using the systems
and methods depicted herein.

[BG334] Figure 131 depicis example experimental results obtained using the systems and
methods depicted herein.

{0635} Figure 13J depicts example experimental results obtained using the systems and

methods depicted herein.

16036} Figure 14 depicts differentiation of cells.
16637] Figure 15 depicts the capabilities of systems as described herein.
[3338] Figure 16A depicls example experimental results obtained using the systems
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and methods depicted herein.
[6G39] Figure 16B depicts example experimental results obtained using the systems
and methods depicted herem.
16040] Figure 16C depicts example experimental results obtained using the gystems
and methods depicted herein.
6041} Figure 16D depicts example experimental results obtained using the systems
and methods depicted herein.
10042} Figure 17A depicts example experimental results obtained using the systems
and methods depicted herein.
16043} Figure 17B depicts example experimental results obtained using the systems
and methods depicted herein.
6644 Figure 18A depicls example experimental results obtained using the systems
and methods depicted herein.
(0045} Figure 18B depicts example experimental results obtamned using the systeros

and methods depicted herein.

)

[6646] Figure 13C depicts example experimental results obtained using the systems

[4
<.

and methods depicted herem.

160471 Figure 18D depicts example experimental resulis obtained using the systems
and methods depicted herein.

[B048] Figure 18E depicts example experimental resulis obtaimed using the svstems and
methods depicted herein.

[6649] Figure 18F depicts example experimental resulis obtained using the svstems and
methods depicted herein.

16050} Figure 19 depicts example experimental results obtained using the systems and
methods depicted herein.

6051} Figure 20 depicts example experimental results obtained using the systems and
methods depicted herein.

[0052] Figure 21 depicts example experumental results obtamed using the systems and
methods depicted herein.

{6053} Figure 22 depicts example experimental results obtamed using the systems and
methods depicted herein.

10054} The patent or application file contains at least one drawing executed inn color.
Copies of this patent or patent application publication with color drawing(s) will be provided
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by the Office upon request and payment of the necessary fee.

DETAILED DESCRIPTION

[6055] Examples of methods and syvstems are described herein. Tt should be understood

LIS

that the words "exemplary,” “exarople,” and “tlustrative,” are used herein to mean "serving as

an example, mstance, or illustration.” Any embodiment or feature described herein as

" <

"exemplary," “example,” or “illustrative,” is not necessarily to be construed as preferred or
advantageous over other embodiments or features. Further, the exemplary embodiments
described herein are not meant to be hmiting. 1t will be readily understood that certain aspects
of the disclosed systems and methods can be arranged and combined in a wide variety of

different configurations.

I Overview

16056} it 1s desirable in a variety of applications to measure and analyze the behavior
of tissue and/or cell samples over time (e.¢., hours, days, weeks, or months or any other suitable
periods of time}. Such detection and analvsis can facilitate the assessment of a variety of
therapeutic treatments, environmental conditions, genetic modifications, commumicable
diseases, or other specified conditions over time in order to assess the efficacy of a treatment,
to determine the toxicity of a substance, or 1o determine some other information of interest.
This detection and analysis can include imaging the cell and/or tissue samples. Such 1maging
can include generating, tor a plurality of different periods of time (for exaruple, hourly, daily,
weekly, twice-daily, or other suitable sets of periods of time} movies or other sequences of
tmages depicting the structure and/or activity of the samples across each period of time. A
“movie” can include all of the images taken of a sample during a particular period of time, or
may include a subset of such images.

{6657} Such image sequences could provide information abowt the pattern or structure
of the activity of the cells in asarmple. A degree of connectivity between a pair of cells, portions
of cells, or other “active objects” in a saruple can be determined as a correlation or coherence
between time-varying activity levels determuned for the pair of active objects, the presence,
magnitude, width, or some other measure of a peak or other feature of a measured probability
function that describes a relationship between the activity of pairs of cells, or some other metric
of the degree of similarity and/or causalily between the measured activity levels, over time, of
pairs of active objects in a sample. A degree of connectivity of a population of active objecis
i a sample could be determined as a mean or other surnmary metric of such pairwise measures.

6
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A paitern of connectivity between active objects in a sample could be determined as a graph or
other indication of the strength, direction, or other measure of connectivity between the active
objects in the saruple, based on pairwise roetrics determned for the active objects in the sample.
16058] Such measures of connectivity could be determined between neurons,
myocvtes, or cells that can electrically signal to each other or that are otherwise functionally
connected such that changes in activity of a first cell can result, on a time scale of seconds to
minutes, in a measureable change in activity in a second cell that is connected to the first cell.
[6659] To facilitate such imaging, over periods of time, the samples could be disposed
within or proximate 1o an awiomated imaging systermn. Such an aulomated imaging system
could include an 1maging device (for example, a microscope, a fluorescence imager, one or
more light sources. and/or other elements configured to facilitate imaging samples) and a
gantry or other actuator configured to move the imaging device relative 1o a sample coniainer
that contains the samples (e.g., relative (o a sample contaimer that has a plurality of wells, each
well containing a respective saraple of cultured cells, explanted tissue, or some other biological
material of interest). The actuator could act, in an automated fashion, to move the imaging
device at specified points in time {e.g.. according {0 a scan schedule} to tmage each of the
samples. Accordingly, one or more images could be generated automatically for each of the
samples during each of a plurality of scan periods. The samples, within their sample
container{s}, and the automated imaging sysiem could both be disposed within an incubator,
avoiding the necessity of removing the samples from an incubator in order {o image them. In
such an embodiment, the samples could develop more naturally.” avoiding the perturbations
that transferring the samples from the incubator to an imaging system may cause.

{60608 {Operating such a system in such a fashion may produce a plurality of images
for a particular sample over time. It can be beneficial to automate certain aspects of the
analysis. For example, automated systems (e.g., a server or other controller implementing one
or more of the methods described herein) could operate to identify and locate “active objecis”
within a sample, based on images of the sample. Such active objects may include cells, or
portions of cells {(e.g. nuclei, mitochondnia, or other organelles, cell cytoplasmn and/or
compartments thereof, dendritic segments or other compartments of a neuron), that vary over
time with respect to activity {e.g., with respect to calcium concentiration, transmembrane
valtage, phosphorylation and/or ubiquitination state, transcriptional or translational activity, or
some other image-able proxy for an activity of interest). Such cells may include neurons,
smooth muscle cells, striated muscle cells, cardiomyoctyes, secretory epithelial cells, or some

7
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other variety of cell that can exhibit image-able increases and decreages in an activity level of
mterest,

16661 It can be difficult to identify and locate {or “segment”) such objects within an
image, particularly to identify changes over time. In order to identify and locate such objects,
a sequence of images from a scan of a sample can be used to generate a “range mage” for the
sampled dunng the scan period. Such a range mmage is determuned by deternuning the
difference, for each location within the 1mage frame of sequence of images, between the
maximum and minimum intensity values across all of the images of the sequence. Thus, a
‘bright’ pixel of the range image corresponds {0 alocation (for example, alocation of a cell, or
a location of a portion of a cell) that changed, with respect 1o the 1maged activity level {e.g.,
with respect to a fluorescently-detected intracellular calcium concentration), across the
sequence of images. The location, extent, or other information abouf “active objecis” (e.g.,
cells, portions of cells) within the sample can then be determined from the range image {(e.g.,
vig thresholding, template matching, etc.). Such a method has the advantages of discarding
regions that are ‘always active’ (for example, regions that exhibit consistently high but non-
varying arfefactual levels of autofluorescence) while emnphasizing regions that vary with
respect to activity, but that are rarely and/or weakly active {for example, a neuron whose
activity only bursis once during a scan).

[6662] The location, extent, or other information about the identified active objecis can
then be used {o determune information about the active objecis. For example, a time-varying
activity trace across the scan could be determined for each of the active objects. This time-
varying activity trace can be used to determine information about the active object {e.g.. a burst
rate, an average burst duration or intensity, an overall average intensity, an amount of time
spent bursting/exhibiting elevated activity), about a population of active objects {e.g.. an
overall mean burst duration, a mean burst rate), and/or about relationships between active
objecis {e.g., a correlation between lime-varying activity traces, a degree or patiem of
correlation between time-varving activity traces of a set of active objects). Additionally or
alternatively, such time-varving activity traces could be used to filter out objects that have been
erroneously identified as active objects (e.g.. identified using the range image method described
above) by rejecting from further analvsis identified objects that do not exhibit at least one

burst).
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L Example Imace Processing
[6663] A plurality of images can be generated, using the sysiems and methods

described herein and/or using some other apparatus or methods, of a sample contained within
a sample container. The images can be organized, according to the fimes at which they are

»

generated, into discrete “scans.” FEach scan is separated in time from the other scans by a
specified amount of tine {e.g., hours, days, weeks, months), and each scan may mclude one or
more images. For example, each scan could include three minutes” worth of images (or some
other suitable duration) of a sample, taken at a rate of three images per second (or at some other
suitable rate). The images corresponding o a particular scan can be analyzed in order to
deterroine some information about a sarople during the time period of the scan. This can
include determining that cells and/or portions thereof within the sample have exhibited some
activity during the scan (that they are “active objects™), locating and/or determining the spatial
extent of such cells and/or active portions thereof, or deternuning some other information about
the sample. For example, time-varying achivity traces could be deternuned, for each such
identified and/or located object, that describe the activity level of the objects over the scan.
Such activity levels {or “traces™} could be used to determine information about the cells, about
populations of cells, about the interrelations between the cells, or some other information about
the sample. Such information could be determined for each scan of a number of different scans
taken over time, and used to determine some information about the behavior of the sample over
time {e.g., over hours, days, weeks, or months),

[0064] A variety of 1mage processing techniques may be apphied to visible and/or
invisible-light images of a sample, taken during a single scan, in order to identify, locate, and/or
determine the extent within an image of cells or other objects of inferest within the sample.
The images taken dunng a single scan are used fo generate a “range image” that emphasizes
objects {e.g., cells, portions of cells) that exhibit, during the scan, variations in intensity that
correspond 1o variations in activity level. For example, the images could be fluorescence
tmages taken 1o detect a fluorescent substance within the sample that corresponds to the activity
of interest. Such a flucrescent substance could include a calcium-sensitive fluorophore {e.g.,
where the concentration of intracellular calcium are chosen as a proxy for activity), a voltage
sensitive fluorophore (e.g., where variations in trans-membrane voltage are chosen as a proxy
for activity), or some other substance that has a fuorescent property (e.g.. a fluorescence
intensity, an excitation wavelength, an emission wavelength) that is correlated with some
activity metric of interast (eg., phosphorylation/ubiguitination state,

9
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transcriptional/translational  activity, intracellular calcium concentration, transmembrane
voltage). Additionally or alternatively, dves, chromophores, chemiluminescent substances, or
other substances having an optical property (e.g., a color, an opacity, an wntensity) that is
correlated with some activity metric of interest may be used to facilitate imaging activity during
ascan.

(6065} Such arange image can be generated for a scan by, for a given pixel of the range
image, determining the range of a set of pixel values, across the images in the scan, that
correspond to the location of the given pixel of the range image within the image frame of the
images of the scan. This can include comparing only those pixels, across the itmages of the
scan, that correspond exactly to the location of the range 1mage pixel. Alternatively, a set of
nearby pixels of each of the images may be used to generate the range {(e.g, to provide a
smoothing or filtering function when determining the range image). Determining the range of
such a sel of pixel values can include determining the difference between a maximum of the
pixel values and a minimum of the pixel values, or may include other methods (e g,
determining a difference between the fifth percentile of pixel values and the ninety-fifth
percentile of pixel values, in order to discard outlier pixel values) A range image generated
using the methods described heremn can emphasize objects, represented within the set of scan
images, that varv with respect to intensity across the scan period even when those objects may
have been active rarely and/or for very short period(s) of time within the scan period. Further,
such a range image can reject and/or de-emphasize objects and/or regions that exhibited
consisient high intensity (e.g., due to the presence of confounding autofluorescent substances,
or substances that erroneously active a fluorophore or other activity-sensitive contrast agent in
the sample) across the scan period, but that did not vary and thus are unlikely to represent active
cells, portions of cells, or other active objects of interest.

16066] Figure 1 illustrates the contents 100 of an example sample container {e.g.,
contents of a well of a sample container that contains an array of such wells). The contents
100 include a first cell 110a and a second cell 110b (e.g., first and second neurons). The cells
110a, 110b are active cells such that, if imaged multiple fimes over a scan period, the intensity
of light received from the cells {e.g., fluorescent light received from a calcium-sensitive
fluorophore expressed by or otherwise present within the cells} varies from image to image
across the scan pertod. The cells 110a, 110b include active areas that roay be detected, using
the methods described herein, as respective active objects.  As shown, the first cell 110a
includes a first active object 120a (e.g., a nucleus) while the second cell 110a includes a second

10
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active object 120b (e.g., a nucleus} and a third active object 120¢ (e.g., a portion of a dendritic
network that exhibits vartation, over time, in calcium concentration or in some other activity-
related image-able property).

16067] The contents 100 of the sample container can be imaged multiple times, across
a scan period, according to the systems and methods described herein and/or via some other
apparaius or process. The intensity of the cells and/or of active portions thereof can vary, with
the varving activity of those cells and/or portions, across the scan period.  Accordingly, the
intensity of light received from those cells and/or portions of cells can vary across the scan
period and this variation can be captured by the images taken across the scan period. These
variations can then be used to generate a range irage that can, in turn, be used to dentify,
tocate, or perform some other analysis related to the contents of the sample container.

[3068] Figures 2A, 2B, 2C, and 2D illustrate first 200a, second 200b, third 200c¢, and
fourth 200d example 1mages, respectively, taken of the contenis 100 at respective different
first, second, third, and fourth points in time within a scan period. The first active object 1203
is active during the first and second points in time, and thus the first 200a and second 200b
images show corresponding high-intensity regions, while the corresponding locations of the
third 200¢ and fourth 200d 1mages are relative darker. The second active object 120b was only
active during the fourth point in time, while the third active object 120c was active during the
first, third, and fourth points in time. Additionally, an artifact 130 emitted light at a consistent
intensity across all four points in time.  Accordingly, all four images 200a-d show a
corresponding high-intensity region. Such an artifact may be a region that exhibits interfering
autofluorescence {e.g., includes a fluorophore that overlaps with respect to excitation spectrum
and/or emission spectrum with a fluorophore used to image activity within the sample}, a region
that contains a high concentration of a contrast agent and/or that includes a substance that
increases the fluorescence of the contrast agent (e.g, that binds to and activates a calcium-
sensttive fluorophore), or a region that emits confounding light through some other mechanism.
(3069} A range image 300 can then be generated from the example images 200a-d
and/or from additional images taken of the sample contents 100 during the scan period. This
range image 300 can be generated according to the systems and/or methods described herein
such that the active objects 120a, 120b, 120¢ are emphasized in the range image 300 (the bright
regions). Conversely, regions that did not exhibit changes in intensity over the scan period are
not emphasized in the range image (2.g., the region corresponding to the artifact 130). The
range tmage 300 can then be used to identify, locate, and/or determine the extent of active

11
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objects within the sarmple.

16678] Such identification, location, or other segmentation tasks may be accomplished,
based on a range 1mage generated as described herein, via a variety of methods. For example,
background subtraction, noise filtering, or some other preprocessing methods could be applied
to the range image before identifying the location of active objects {e.g., cells, portions of celis)
within the range image. Thresholding, teroplate matching, or other methods could then be
applied to the range image and/or a pre-processed version thereof m order to locate active
objects within the image frame of the range image.

[6671] Determining the location of an active object (e.g., the location of a cell, or of &
portion of a cell, that exhibuis changes, over a scan pernod. in wntracellular calcium
concentration or in some other image-able metric of a biological activity of interest) can include
determining a single location {e.g., a centroid, an arbitrary point within a boundary of the active
object), an effective radius, a region {e.g., a regions defined by a determined perimeters of the
active object), a set of pixels or other discrete sub-regions within an image frame, or
deternuning some other location information for each of the active objects. Figure 4 illustrates
a vartety of locations, within the image frame 400 of the images 200a-d shown 1n Figures 2A-
D, determined for the active objects 120a, 120b, 120c shown 1n Figure 1. Determining a
tocation can include deternvining the location of a single point {e.g.. 410a, 410b, 410c¢) for each
active object {(e.g., a centroid of discrete or otherwise distinguishable high-intensity regions in
the corresponding range image). Additionally or altematively, determining a location can
mclude determining an extent (e.g., 420a, 420b, 420c¢), within the image frame that each active
object occupies. This could include determining sets of pixels and/or pixel locations of the
range image across which each active object extends.

16672] The deternuned locations of the active objects can then be used to determine
information about each of the active objects. For example, ime-varying activity levels can be
determined, based on the determined locations, for each of the active objects. The time-varying
activity level for a particular active objects represents the level of activity, as represented by
intensity in the images taken of the sample contaimng the active object {e.g., miracellular
calcium concentration}, of the active object across ascan. Thus, the ime-varving activity level
can be used to assess the overall level, pattern, and timing (e.g., relative to other active objects)
of activity {e.g., firing of action potentials of a neuron or portion thereof) of the active object.
For example, a burst rate or frequency. a burst duration, a burst intensity, an average activity
tevel, a variability of activity level, or some other imformation and or distribution thereof about
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the activity of an active abject may be determined from the time-varying activity level
determined for the active object. Such mformation may also be used to determine overall
meirics for a sample, e.g., a mean overall activity of active objects in a sample could be
determined from the time-varving activity levels for the active objecis in the sample.

[6673] The determined time-varying activily levels mav also be used io determine
mformation about the functional connectivily between active objects (e.g., neurons) within the
sample. For example, pairwise correlations may be determined for each pair of active objects
in a sampie. Such correlations may then be reporied and/or used to defermine a patiern or an
overall degree of coordination between the activities of active objects within a sample.

16674] A time-varying activity level can be generated, for a particular active object, in
a variety of wavs. In examples wherein determining the location of the active ohject included
determining a set of pixels or some other information about the extent, within an image frame,
of the active object, determining the time-varying activity level for the active object could
include deternuning a sum, an average, or sorme other measure of the overall intensity of the
pixels, for each fluorescence intensity image across a scan, that correspond to the extent of the
active object {e.g., the determined set of pixels that correspond {0 the active object). In another
example, a weighted average of pixels within a specified distance of a determined point
focation of an active object may be used to determine the time-varving activity level of the
active object across a scait.

[BG375] Fluorescent imaging of a sample can result in photobleaching of the sample.
Such photobleaching can manifest, in fluorescent images taken of the sample, as a gradual
decrease in the detected fluorescence intensity of the sample and/or active objects theren over
time. This photobleaching can be detected and/or quantified and us effects (e.g., on time-
varying activily iraces generated from such fluorescence images) reduced or removed o a
vartety of ways. Figure SA illustrates an example of a time-varving activity trace 500
determined for an active object that exhibited phoiobleaching. The downward trend in the
time-varying activity trace 500 caused by the photobleaching is indicated by the dotted line
5310, The level of this photobleaching effect can be determined from the time-varying activity
trace 500, e.g., by applyving a low-pass filter, by applying a moving-window minimum, by
identifying and removing discrete bursts, or by employing some other method. The determined
level of photobleaching can then be applied to compensate for the effects of photobleaching,
generating a more accurate time-varying activity level for an active object (shown by way of
egxample in Figure 5B as the corrected time-varving activity level 520). Additionally or
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alternatively, the level of photobleaching over time may be determined in some other method
{e.g.. by determining, for each fluorescence activity tmage of a scan, a respective level of
photobleachimg) and applied to correct one or more time-varving activity levels {shown by way
of example in Figure 5C as the photobleaching level 530}

{6676} The range image method described above can be used to identify and/or locate
active objects within a sample. Additionally or alternatively, such objecis may be identified
based on their exhibiting one or more distinet bursts across a scan. For example, the location
of a putative active object may be determined {e g.. using the range method described above
and/or using some other segmentation method) and this deternuned location used to determine,
for the putative active object, a time-varying activity level. This time-varying activity level
can then be analyzed to determine whether the time-varying activity level contams at least one
burst. If so, the putative active object can be confirmed and used for additional analysis {e.g.,
mean burst rates, overall population burst rates, determining the degree and/or pattern of
connectivity between confirmed active objects within a sample). If no bursts are detected, the
putative active object can be rejected and ifs time-varying activity trace discarded from
additional analysis. A subset of active objects can thus be selecied, from a population of
putative active objects, that exhibit bursts and are therefore more likely to represent actual
active cells and/or portions thereof. Such a selection process can have benefits where, e g, one
or more putative aclive objects are detected, in a range image, that do not exhibit bursts but
insiead exhibit artefactual high levels of photobleaching over a scan and thus may appear as
high-intensity regions within the range image.

16677} Bursts include any fast change in the detected activity of a cell, portion of a cell,
or other active object during a scan period. For example, a burst can result in a fast change in
the detected fluorescence intensity of an active object in a recorded video sequence. Such a
burst resuits in a peak in the time-varying intensity level trace determined for the active object.
Bursts can be identified, within a given time-varying activity level, using a variety of different
methods. In some examples, a burst can be identified within a time-varving activity level
wherever the time-varving activity level exceeds a threshold and/or wherever the time-varving
activity level increases from a baseline level (e.g., determined from the time-varying activity
level trace using a moving-window minimuny} by more than a threshold level and/or increases
by greater than a threshold rate. Additionally or alternatively, template matching, highpass
filtering, or other methods could be used 1o identify bursts within a time-varying activity level
determined as described herein. The strength and duration properties of such burst peaks can
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be calculated from the active object’s time-varying activity level trace. The mean burst
properties can be calculaled per active object and then aggregated for the all the active objects

in a sample during a scan.

§iE. Example Systems

16678] An automated imaging svstem may be employed to generate, in an automated
fashion, images (e.g., fluorescence activity images) of a plurality of biological samples, in
respective wells of a sample container, during a plurality of different scan periods over time.
A set of images could be taken, by the automated imaging svstem, of each sample during each
of the scan periods, e.¢., a set of images taken at a rate of three images per second over a three
minute scan period. The images can then be analyzed in order to determine some information
about the samples, e.g., according to the methods described herein.

16679] Use of such an automated imaging svstem can significantly reduce the personnel
costs of imaging biological samples, as well as increasing the consistency, with respect o
timing, positioning, and image parameters, of the images generated when compared to manual
wmaging. Further, such an automated imaging system can be configured to operate within an
incubator, removing the need to remove the samples from an incubator for imaging.
Accordingly, the growth environment for the samples can be maintained more consistently.
Additionally, where the automated 1roaging systen acts to move a microscope ot other imaging
apparatus relative to the sample containers (instead of, e g, moving the sample container to be
tmaged by a static imaging apparatus), movement-related perturbation of the samples can be
reduced. This can improve the growth and development of the samples and reduce movement-
related contounds.

[GGRO] Such an automated imaging system can operate 1o generate one or more images
during scans that are separaied by more than twenty-four hours, by more than three days, by
more than thirty days, or by some longer period of time. The scans could be specified to occur
at a specified rate, e.g., once per daily., more than daily, more than twice daily, or more than
three times daily. The scans could be specified such that at least two, at least three, or some
greater number of scans occurs within a twenty-four hour period. In some examples, data {rom
one or more scans could be analyzed (e g., according to the methods described herein) and used
to determine the timing of additional scans (e.g, 1o increase a rate, duration, image capture
rate, or some other property of the scans in order to detect the occurrence of a discrete event

that 1s predicted to occur within a sample).
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[GGRB1] The use of such an automated imaging system can facilitate imaging of the same
biological sample at multiple points i time over long time penods.  Accordingly, the
development and/or behavior of individual cells and/or networks of cells can be analvzed over
time. For example, a set of cells, portions of cells, or other active objects could be identified,
within a single sample, within scans taken during different, widely spaced periods of time.
These sets of identified objects could then be compared between scans in order to identify the
same active object(s) across the scans. Thus, the behavior of individual cells, or portions of
cells, can be tracked and analvzed across hours, davs, waeks, or months.

[6682] Figure 6 illustrates elemenis of such an auwtomaled imaging system 600, The
automated 1maging system 600 includes a frare 610 to which other elements of the automated
imaging system 600 are attached. The frame 610 may be configured (e.g.. sized) in order to fit
within an mmcubator. The avtomated imaging system 600 includes a sample container 620 that
is removably placed within a sample container tray 630 that is coupled to the frame 610, The
sample contamner tray 630 could be removable and/or could include removable insert to
facilitate holding a varniety of different sample containers (e.g.. a vaniety of industry-standard
sample containers). The system 600 additionally includes an aciuated gantry 650 configured
to position an imaging apparatus 640 relative to the sample container 620 such that the imaging
apparatus 640 can operate to generate images of the contents of individual wells of the sample
container 620 {e.g., the example well 625}.

[B083] The imaging apparatus 640 can include a nucroscope, a fluorescence imager, a
two-photon imaging system, a phase-condrast imaging svstern, one or more illurnination
sources, one or more optical filiers, and/or other elements configured to facilitate imaging
samples contamed within the sample container 620. In some examples, the imaging apparatus
640 mcludes elements disposed on both sides of the sample container 620 {e.g., a source of
coherent, polarized, monochromatic, or otherwise-specified illumination light in order to
factlitate, e.¢., phase contrast imaging of biological samples). In such examples, elements on
both sides of the sample container 620 may be coupled to respective different gantries, (o the
same gantrv, and/or elements on one side of the sample container 620 may not be movable
relative to the sample container 620.

{60684 The actuated ganiry 650 is coupled o the frame 610 and the imaging apparatus
640 and configured to control the location of the apparatus 640 1o at least two directions,
relative to the sample container 620, in order to facilitate imaging of a plurality of different
samples within the sample container 620. The actuated gantry 650 may also be configured to
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control the location of the imaging apparatus 640 in a third direction, toward and away {rom
the sample container 620, in order to facilitate controlling the focus of images generated using
the imaging apparatus 640 and/or to control a depth of material, within the sarople container
620, that can be imaged using the tmaging apparatus 640. Additionally or alternatively, the
tmaging apparatus 640 may include one or more actuators to control a focal distance of the
tmaging apparatus 640,

[0085] The actuated gantry 630 may include elements configured to facilitate detection
of the absolute and/or relative location of the imaging apparatus 640 relative to the sample
container 620 {e.g., o particular well(s) of the sample container 6203 For example, the
actuated gantry 650 may wnclude encoders, limut swiiches, and/or other location-sensing
elements. Additionally or alternatively. the imaging apparatus 640 or other elements of the
svstem may be configured to detect fiducial marks or other features of the sample container
620 and/or of the sample container tray 630 in order to determune the absolute and/or relative
location of the imaging apparatus 640 relative to the saraple container 620.

[GGR6] Computational functions {e g, functions to operate the actuated ganiry 630
and/or tmaging apparatus 640 to image samples within the sample container 620 during
specified periods of time, to generate a range image and/or to perform some other method
described herein) may be performed by one or more computing systems. Such a computing
system may be integrated into an automaled imaging system {e.g., 600), may be associated
with such an automated imaging system {e.g., by being connected via a direct wired or wireless
connection, via a local network, and/or via a secured connection over the internet), and/or may
take some other form {e.g.. a cloud compuiing system that is in communication with an
automated imaging system and/or that has access to a store of images of biological samples).
Such a computing system may include a communication interface, a user interface, a processor,
and data storage, all of which may be communicatively linked together by a system bus,
network, or other connection mechanism.

[BB87] The communication mterface may function 1o allow the computing system to
comraunicate, using analog or digital modulation of electric, magnetic, electromagnetic,
optical, or other signals, with other devices, access networks, and/or transport networks. Thus,
communication interface may facilitate  circuit-switched and/or  packet-switched
commumnication, such as plain old telephone service (POTS) coromurucation and/or Internet
protocol (1P} or other packetized communication. For instance, communication interface may
include a chipset and antenna arranged for wireless commumication with a radio access network
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or an access point. Also, communication interface may take the form of or include a wireline
mterface, such as an Ethemet, Universal Serial Bus (USB), or High-Definition Multimedia
Interface (HDM1) port. Communication interface 402 may also take the form of or include a
wireless interface, such as a WiFi, BLUETOOTH®, global positioning system (GPS), or wide-
area wireless interface {e.g., WiMAX or 3GPP Long-Term Evolution {LTE}}. However, other
forms of physical layer mterfaces and other types of standard or proprietary commucation
protocols may be used over cormmunication interface. Furthermore, communication interface
may comprise multiple physical communication interfaces {eg., a WiFi interface, a
BLUETOOTH® mterface, and a wide-area wireless interface).

16688 In some embodiments, the communication mterface may function fo allow
computting svstem to conmmunicate with other devices, remote servers, access networks, and/or
transport networks. For example, the communication interface may function {o fransmit and/or
receive an indication of images of biological samples {e.g., fluorescence activity images}, 1o
transmit an indication of a range image, a set of locations of active objects within such images,
and/or time-varving activity traces determuned from such active objects generated from such
images using the methods described herein, or some other information.

16089} The user interface of such a computing system may function to allow computing
system 1o interact with a user, for example to receive input from and/or to provide output to the
user. Thus, user interface may include input components such as a keypad, keyboard, touch-
senstiive ot presence~sensitive panel, computer mouse, trackball, jovstick, microphone, and so
on. User interface may also include one or more output components such as a display screen
which, for example. may be combined with a presence-sensitive panel. The display screen may
be based on CRT, LCD, and/or LED technologies, or other technologies now known or later
developed. User interface may also be configured to generate audible output(s), via a speaker,
speaker jack, audio output port, audio output device, earphones, and/or other similar devices.
G696 In some embodiments, user interface may include a display that serves to
present video or other images 10 a user {e.g., video of images generated during a particular scan
of a particular biclogical sample). Additionally, user interface may include one or more
buttons, switches, knobs, and/or dials that facilitate the configuration and operation of the
computing device. It may be possible that some or ali of these buttons, switches, knobs, and/or
dials are iroplemented as functions on a touch- or presence-sensitive panel. The user interface
may permit a user to specify the types of samples contained within an automated imaging
svstem, 1o specify a schedule for imaging of the samples, 1o specifyving parameters of image
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segmentation and/or analysis 1o be performed by the system, or to input some other commands
or parameters for operation of an automated iraging system.

[60e1] In some examples, portions of the methods described herein could be performed
by different devices, according to an application. For example, different devices of a system

could have different amounts of computational resources (e.g., memory, processor cycles) and

different mformation bandwidths for communication between the devices. For example, a first
device could be an embedded processor(s) that could operate an actuated gantry, imaging
apparatus, or other elements to generate images of biological samples during a plurality of
different scan periods. A second device could then receive {e.g, via the intemel, via a
dedicated wired hink), from the first device, image nformation from the first device and
perform the image processing and analvsis methods described herein on the received image
data. Different portions of the methods described herein could be apportioned according to

such considerations.

Y. Example Methods

[6092] Figure 7 15 a flowchart of a method 700 for identifying biologically active cells
during one or more periods of time. The method 700 includes, for each of the one or more
pertods of tume, generating a plurality of fluorescence activity images of a sample contained
within a sample container (710). The sample includes biologically active cells, and each image
of the phurality of fluorescence activity images includes a respective plurality of pixel values,
sach pixel value corresponding to a respective pixel location within an image frame. The
method 700 additionally includes, for each of the one or more periods of time, generating a
fluorescence range image from the plurality of fluorescence activity images (720). Generating
a fluorescence range image from a plurality of fluorescence activity images inciudes
determining a plurality of pixel values for the fluorescence range image and determining a
given pixel value for the fluorescence range image mcludes determining a range of a set of
pixel values, from each of the plurality of fluorescence activity images, that have pixel locations
corresponding to a pixel location of the given pixel value within the image frame.

[BG693] The method 700 additionally includes, for each of the one or more periods of
tirne, based on the fluorescence range image. determining a location, relative to the image
frame, of one or more active objects within the sample container during a corresponding period
of time {730). Each of the one or more active objects is a portion of at least one respective

hiologically active cell present within the sample during the corresponding pertod of tirne. The
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method 700 further includes, for each of the one or more periods of time and for each active
object of the one or more active objects within the sample container during each corresponding
period of time, determmning a respective time-~-varying activity level of each of the one or more
active objects across the corresponding period of time {740} This can include determining
each fime-varying activity level based on a set of pixel values, from each of the plurality of
fluorescence activity images, that have pixel locations proximate to the determined location of
a corresponding active object.

16694] Figure 8 is a flowchart of a method %00 for identifying biologically active cells
during one or more periods of time. The method 800 includes, for each of the one or more
periods of time, generating a plurality of fluorescence activity tmages of a sarople contained
within a sample container (810}, The sample inchudes biologically active cells and each image
of the phlurality of fluorescence activity images inchudes a respective pluralitv of pixel values,
gach pixel value corresponding o a respective pixel location within an image frame. The
method 800 additionally includes, for each of the one or more periods of time, determoining a
location, relative to the image frame, of one or more active objects within the sample container
during a corresponding peniod of time (820). Each of the one or more active objecis is a portion
of at least one respective biologically active cell present within the sarople during the
corresponding period of time.

[6095] The method 800 additionally inchudes, for each of the one or more periods of
time and for each of the one or more active objects within the sample contamer during each
corresponding period of time, determining a respective time-varving activity level across the
corresponding period of fime (830). This can include determining respective time-varving
activity levels based on respective sets of pixel values, from each of the plurality of
fluorescence activity images, that have pixel locations proximate to the respective determined
tocations of the one or more active objects. The method 800 additionally includes, for each of
the one or more pertods of time and based on the time-varving activity levels determined for
the one or more active objects, selecting a subset of active objects from the one or more active
objects (840). Selecting a particular active object from the one or more active objects includes
deternmuning that the time-varying activity level determined for the particular active object
exhibits at ieast one burst.

16696] Either of the methods 700, 800 could include additional elements or features.
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Y. Example Embediments

[6G97] A major impediment to studving human diseases affecting the nervous system
is the ability to monttor, analyze, and quantify the activity of neuronal cells that accurately
represent human phenotypes.

[GG98] Cwrrently, various types of cultured neurons are considered promising as models
of mammalian newonal function 1 both diseased and non-diseased states.  However,
marmmalian neuronal systems are complex and there 1s a continuing need for fools, including
reagents, hardware, software and guided protocols, to characterize cultured neurons, analyze
their function, analvze neuronal networks formed by neurons in culture, provide quality
controls for cultured neurons and improve induced pluripotent stem cell ((PSC)-derived
neuronal cell models.

[6699] For example, improved tools for neuwronal analvsis provided by this disclosure
produce better functional cell models {o determine parameters such as, but not limited to,
whether the cultured neurons are functionally active, when the neurons became functionally
active in the cultures and how the functional activity changes over time in culture and under
various experimental conditions, what the physical characteristics of the neurons are and how
the physical characterisiics change over time in culture and under varnous experimental
conditions. Methods and systems provided according to the present disclosure allow a user to
make multiple relevant measurements of nevronal cuitures which are statistically robust since
measurements from thousands of cells are both possible and practical. Methods and systems
provided according to the present disclosure allow a user to analyze changes in long-term
cultures with higher throughput than previous sysiems.

{66160}  Scientific and technical terms used herein are intended to have the meanings
commonly understood by those of ordinary skill in the art. Such terms are found defined and
used in context in various standard references illustratively including J. Sambrook and D.W.
Russell, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press; 3rd
Ed., 2001, F M. Ausubel, Ed., Short Protocols in Molecular Biology, Current Protocols; 5th
Ed., 2002; B. Alberts et al., Molecular Biology of the Cell, 4th Ed., Garland, 2002; D L. Nelson
and M.M. Cox, Lehninger Principles of Biochemistry, 4th Ed., W H. Freeman & Company,
2004, and Kursad Turksen (Ed.), Embrvonic stem cells: methods and protocols in Methods
Mol Biol. 2002:185, Humana Press; Current Protocols i Stem Cell Biclogy, ISBN:

9780470151808.
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The IncuCyte 83 Live Cell Analysis System
(661631}  The IncuCyvte 83 hardware 1s composed of 2 components: 1} ganiry and 2)
controller. The gantry houses the microscope, camera, and consumable trays that enable
automated image acquisition of live-cell cultures and is installed inside a standard tissue culture
incubator. In spontaneous neuronal activity application the microscope system contains a filter
module that is tatlored to collecting fluorescent images i the orange spectrum (ex: 540 nm;
Passhand: [513, 568 nm ; enu 609 nm; Passband: {577, 684] nm) and in the near-infrared
spectrum (ex: 661 nm; Passband: {648, 674} | em: 727 nm; Passhand: {641, 771] nm. The
controller containg processors, memory and dala storage drives that enable image storage, data
handling, database storage, file systems, automated 1mage processing, graphing and over-the-
network interaction from the client computer through a graphical user interface (GUI). The
software on the controlier serves 2 purposes: 1) server interaciion, and 2) instrument control.
[36102]  The gantry is installed 1 an incubator and houses the microscope and camera.
[30103]  The controller controls the microscope system and functions as a server.
[6G104]  The controller plugs into a communications port, such as, but not limited to, an
Ethernet port.
[66105] A graphical user interface {(GUY) 1s loaded on to a computer and interacts with the
controller {i.e server) to control the microscope system and interact with the data.  All
automated image processing is completed on the controtler according to aspecis of the present
disclosure.

Automated Movie capture
60106}  The Incucyte 83 microscope moves to user defined locations of cell culture vessels,
such as, but not limited {0, 96-well plates, turns on the appropriate LED and captures movies
at a desired speed using a desired microscope objective, such as, 3 frames per second {fps)
using the 4x objective,
[36107]  According to particular aspects of the present disclosure, the acquired data is stored
i a compressed format, and from that movie a static “Range” image is generated. The range
image 15 composed of pixels representing the mimimum fluorescence intensity subtracted from
the maximum fluorescence mntensity at each pixel location over the complete scan period.
Image segmentation is completed on the range image by optimizing multiple parameiers,
including: background subtraction (top-hat), defining the nunimum cell width, fluorescence
thresholding. Once objects are defined, an additional user-defined nunimum burst intensity
filter is used to further define a burst. Each object is typically a neuron, but neuronal parts can
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also be defined as objects, e.g. dendrites, axons and/or synapses, for example.

[66168]  From these segmented objects, the following data are derived from the 3 minute
scan: 1) correlation — a pairwise correlation analysis of all object traces over the scan period,
2) average object mean intensities — the average of the mean intensities of all objects over the
scan period, 3) burst duration — the mean of all objects mean burst duration over the scan period,
3} burst rale — the mean of all objects burst rate over the scan period, 6) burst strength — the
strength of each burst is calculated by dividing the area under the intensity curve divided by
the duration of the burst. The overall burst strength metric is then the mean of all objects” mean
burst strength over the scan period. Lastly the number of active objects is defined by the total
number of active objects, 1.e. segmented objects within the scan period. Optionally, all seven
of these metrics, or a subset thereof, or one or more additional metrics alone or in combination,
are calculated for each object, each well, or each set of wells, stored in a database, and displayed
to the user shortly following data acquisition in the client computer through the graphical user
interface.

66109}  Tvpically wells are scanned everv 24 hours, although more or less frequent
scanning 1s an option. Following each scan, metrics are calculated and stored, for instance in
the database, at those fime points. For example, over the course of a 30 day expeniment, 30
time points are collected for each metric, are concatenated into a time series and can be graphed
over the course of the full experimental time frame, i.e. hours, days, weeks, months.

[B8118]  As described herein systems and methods of the present disclosure allow users to
monitor the changes in neuronal network activity over long periods of fime in an automated,
moderate throughpuwt way. By contrast, previous methods are: 1} end point methods {can only
get one read of the various measured parameters), 2) extremely disruptive methods (calcium
dyes versus using genetically encoded calcium indicators, 3) require a user to move cells out
of the incubator for analysis/visualization, 4) not statistically relevant {due to making
measurements from very few cells), 3) very manual (not automated), or 6} low throughput {one
well at a time, manual).

{60111}  According to aspects of the present disclosure, newrons or neuron-like cells are
genetically engineered to express a fluorescent protein, particularly, but not limited 1o, a
calcium indicator protein GCaMP or a variant thereof, such as Ca" indicator jJRCaMP1b and
variants thereof, which enuts Ca{2+)-dependent fluorescence in the red spectral band.

[66112]  Embodiments of mventive compositions and methods are illustrated in the
following examples. These examples are provided for illustrative purposes and are not
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considered limitations on the scope of inventive compositions and methods.

IncuCyte 83 Imaging for spontaneous newronal activity
1661131  Experimental methods: Cells and reagents
[66114]  The utlity of the instrument/system for measuring neuronal activity is exemplified
for in long-term imaging experiments with co-cultures of primary and 1PSC-dertved neurons
with rat astrocytes. Temporal changes in intracellular Ca®* is used as a measure of neuronal
activity. To make these long-term measurements of intracellular Ca’*, neurons were infected
with a genetically encoded Ca®* indicator (GECY), jJRCaMP1b, via a lentiviral delivery system.
JRCaMP1b was licensed from Howard Hughes Medical Instituie - US  patent
US2016/0176931 Al and described in Dana et al, elafe 2016;5:e12727. Sample data mclude
experiments from primary rat forebrain neurons as well as three preparations of iIPSC-derived
neurons: iCell GlutaNeurons (Cellular Dynamics International), Peri. 4U neural cells (Ncardia)
and iNeurons {University of Michigan),
[B0115]  All experiments were done 1n 96 well microplates coated with either Poly-D-lysine
(rat forebrain neurons), Polyetheneimine/Laminin (1GhutaNeurons and Pernt 4U) or Matrigel
(iNeurons) to enhance attachment of neurons and astrocytes. All preps were co-cultured with
primarv rat astrocytes (MTI-Global Sten) at adensity of 15,000 cells/well. A nutotic inhibitor
(5-Fluoro-2"-deoxvurnidine/uriding combination, Sigma Aldrich) was added to reduce
proliferation of dividing cells 2 10 3 days post plating. Cultures were maintained for a period
of up to 30 days with a 50% change m medium twice per week.
{00116}  In prumary neuronal experirents, rat forebrain neurons (harvested from E-18
embryos (MT1-Global Stem)) were plated at a density range of 5,000 to 40,000 neurons/well
in Neurobasal™ Medium (Thermo Fisher) with NeuroCult™ SM1 Neuronal Supplement
(Stem Cell Techuology) and 2 mM glutamine. One day post plating neurons were infected
with the GECI jRCaMP1b. Imaging was initiated 3 days post plating. As an experimental
condition, maintenance medium was changed to BrainPhys™ Neuronal Medium (Stem Cell
Technology) with NeuroCult™ SM1 Neuronal Supplement (Stem Cell Technologies) in a
portion of the plate.
66117}  IniCell GlutaNeurons experiments, 1Cell GlutaNeurons were plated at a density of
30,000 neurons/well in BrainPhys™ Neuronal Medium (Stem Cell Technology) with iCell
Meural Supplement B (Cellular Dyvnamics international), 1Cell Nervous System Supplement
{(Cellular Dynamics International} and N2 Supplement (ThermoFisher). One day post plating
neurons were infected with the GECE JRCaMP1b. Imaging was inttiated 3 davs post plating
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and continued for 27 days.

[66118]  In Peri4U neural cell experiments, Pert 4U neural cells were plated at a density of
25,000 neurons/well m Neuro 4U Basal Meduim, (Ncardia), and Neuro-Supplement 1
(Ncardia) One dav post plating neurons were infected with the GECI jRCaMP1b. Imaging
was initiated 3 days post plating. As an experimental condition, maintenance medium was
changed to BrainPhys™ Neuronal Medium (Stem Cell Technology) with NeuroCult™ SM1
Neuronal Supplement (Stem Cell Technologies) in a portion of the plate.

166119}  IniNeuron experiments, iNeurons were plated at a density of 10,000 neurons/well
in 3N media (combination of DMEM/F12 Medium and Neurobasal ™ Medium, insulin, Non
Essential Amino Acids, ThermoFisher). Twenty one davs post plating neurons were infected
with the GECT jRCaMP1b. As an experimental condition, maintenance medium was changed
to BrainPhys™ Neuronal Medium (Stem Cell Technology) with NeuroCult™ SM1 Neuronal
Supplersent (Stem Cell Technologies) in a portion of the plate. Imaging was nitiated after
GECH mfection and continued for 10 days.

(66120} 1t is appreciated that certain features of the invention, which are, for clarity,
described in the conlext of separate embodiments, may also be provided in combination in a
single embodiment. Conversely, various features of the invention, which are, for brevity,
described in the context of a single embodiment, may also be provided separately or in any
suitable subcombination.

[60121]  Any patents or publications mentioned in this specification are incorporated herein
by reference to the same extent as if each mdividual publication is specifically and individually
indicated to be incorporated by reference.

66122} The compositions and methods described herein are presently representative of
preferred embodiments, exeroplary, and not intended as lumtations on the scope of the
invention. Changes therein and other uses will occur to those skilled in the art.  Such changes
end other uses can be made without departing from the scope of the invention as set forth in

the claims.

VL Conclusion

[60123] The above detailed descruption describes various features and functions of the
disclosed systems, devices, and methods with reference to the accompanying figures. In the
figures, simular symbols typically identify similar components, unless coniexi indicates

otherwise. The illusirative embodiments described in the detailed description, figures, and
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claims are not meant to be limiting. Other embodiments can be utilized, and other changes can
be made, without departing from the scope of the subject matier presented heremn. H will be
readily understood that the aspects of the present disclosure, as generally described herein, and
iHustrated in the figures, can be arranged, substituted, combined, separated, and designed in a
wide variety of different configurations, all of which are explicitly contemplated herein.
[B3124] With respect to any or all of the message flow diagrams, scenarics, and
flowcharts 1n the figures and as discussed herein, each step, block and/or communication may
represent a processing of information and/or a transmission of information in accordance with
example embodiments. Aliernative embodiments are included within the scope of these
example embodiments. In these alternative embodiments, for example, functions described as
steps, blocks, transmissions, communications, requests, responses, and/or messages may be
executed out of order from that shown or discussed, including in substantially concurrent or in
reverse order, depending on the functionalhity involved. Further, more or fewer steps, blocks
and/or functions may be used with any of the message flow diagrams, scenarios, and flow
charts discussed herein, and these message flow diagrams, scenarios, and flow charts may be
combined with one another, in part or in whole.

60125} A step or block that represents a processing of mformation may correspond to
circuitry that can be configured to perform the specific logical functions of a herein-described
method or technique. Alternatively or additionally, a step or block that represents a processing
of information may correspond 1o a module, a segment, or a portion of program code (including
related data). The program code may include one or more mstructions executable by a
processor for implementing specific logical functions or actions in the method or technigue.
The program code and/or related data may be stored on any tvpe of computer-readable medium,
such as a storage device, including a disk drive, a hard drive, or other storage media.

[(30126] The computer-readable medium may also include non-transitory compider-
readable media such as computer-readable media that stores data for short periods of time like
register memory, processor cache, and/or random access memory (RAM). The computer-
readable media may also include non-transitory computer-readable media that stores program
code and/or data for longer periods of time, such as secondary or persistent long term storage,
like read only memory {ROM), optical or magnetic disks, and/or compaci-disc read only
memory (CD-ROM), for example. The computer-readable media may also be any other
volatile or non-volatile storage svstems. A computer-readable medium may be considered a
computer-readable storage medium, for example, or a tangible storage device.
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106127} Moreover, a step or block that represents one or more information transmissions
may correspond to mformation transimissions between software and/or hardware modules in
the same physical device. However, other information transnussions may be between software
modules and/or hardware modules in different physical devices.

{66128} While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

himiting, with the true scope being indicated by the following claims.
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CLAIMS
We claim:

1. A method comprising:

capturing a movie of a cell culture vessel; and

eenerating a static range image from the movie, wherein the range image 1s composed
of pixels representing the mimumum fluorescence intensity subtracted from the maximum
fluorescence intensity at each pixel location over a complete scan period.

2. The method of claim 1, further comprising:

defiming objects by segmeniing the range imnage.

3 The method of claim 2, further coraprising:

from the objects, deriving average object mean intensities from the complete scan
period.

4. The method of any of claims 2 or 3, further comprising;

from the objects, deriving a pairwise correlation analvsis of all object traces over the
complete scan period.

5, The method of any of claims 2-4, {urther comprising;

from the objects, deriving a mean of all objects mean burst duration from the
complete scan period.

6. The method of any of claims 2-5, further comprising;

from the objects, deriving a strength of each burst of all objects from the complete
scan period.

7 The method of claim 6, further comprising:

deriving an overall burst strength metric as a mean of all objects mean burst strength
frora the complete scan period.

8. A method of identifying biologically active cells during one or more periods
of time, the method comprising, for each of the one or more periods of time:

a. generating a plurality of fluorescence activity images of a sample contained
within a sample container, wherein the sample includes biologically active cells, and wherein
each 1mage of the plurality of fluorescence activity images comprises a respective plurality of
pixel values, each pixel value corresponding to a respective pixel location within an image
frame;

b. generating a fluorescence range image from the plurality of fluorescence
activity images, fwherein generating a fluorescence range tmage from a plurality of
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fluorescence activity images comprises determining a phurality of pixel values for the
flucrescence range tmage, and wherein determining a given pixel value {or the luorescence
range image comprises determining a range of a set of pixel values, from each of the plurality
of fluorescence activity images. that have pixel locations corresponding to a pixel location of
the given pixel value within the image frame;

c. based on the fluorescence range image, deternmming a location, relative to the
image frame, of one or more active objects within the sample container during a
corresponding period of time, wherein each of the one or more active objects is a portion of at
least one respective biologically active cell present within the sample during the
corresponding pertod of time; and

d. for each active obiect of the one or more active objects within the sample
container during the corresponding period of time, determining a respective time-varying
activity level of each of the one or more active objects across the corresponding period of
tirne.

9. A method of identifying biologically active cells during one or more periods
of timne, the method comprising, for each of the one or more periods of time:

a. generating a plurality of fluorescence activity 1mages of a sample contaimed
within a sample container, wherein the sample includes biologically active cells, and wherein
each image of the plurality of fluorescence activity images comprises a respective plurality of
pixel values, each pixel value corresponding to a respective pixel location within an image
frame;

b. generating a fluorescence range image from the plurality of fluorescence
activity images, wherein generating a fluorescence range image from a plurality of
fluorescence activity images comprises determining a plurality of pixel values for the
fluorescence range image, and wherein deternuning a given pixel value for the fluorescence
range image comprises determuning a range of a set of pixel values, from each of the plurality
of fluorescence activity images, that have pixel locations corresponding to a pixel location of
the given pixel value within the image frame;

c. based on the fluorescence range image, determining a location, relative to the
image frame, of one or more active objects within the sample container during a
corresponding period of ime, wherein each of the one or more active objecis is a portion of at
{east one respective biclogically active cell present within the sample during the

corresponding period of time; and
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d. for each active object of the one or more active objects within the sample
contamner during the corresponding period of time, determining a respective time-varving
activity level of each of the one or more active objects across the corresponding period of
time, wherein each time-varying activity level is determined based on a set of pixel values,
from each of the plurality of fluorescence activity images, that have pixel locations proximate
to the determined location of a corresponding active object.

10.  The method of any of claims 8-9, wherein the sample container is located
within an incubator.

11 The method of any of claims 8-10, wherein determining a time-varying
activity level of a particular active object during a particular period of time comprises:

determining an uncorrected ime-varying activity level based on a set of pixel values,
from each of the plurality of fluorescence activity images generated during the particular
period of time, that have pixel locations proximate to the determined location of the particular
active object;

determining, based on the uncorrected time-varying activity level, a time-varying
level of photobleaching of the particular active object across the particular period of time; and

determining the time-varying activity level of the particular active object during the
particular period of time by removing the time-varving level of photobleaching from the
uncorrected time-varving activity fevel.

12, The method of any of claims 8-10, wherein a first pertod of time of the one or
more pertods of time and a final period of time of the one or more pertods of time are
separated int time by more than twenty-four hours.

13, The method of any of claims 8-10, wherein a first period of time of the one or
more periods of time and a final period of time of the one or more periods of time are
separated in fime by more than three days.

14, The method of any of claims 8-10, wherein a first period of time of the one or
more pertods of time and a final period of time of the one or more pertods of time are
separated i time by more than thirty days.

15.  The method of any of claims 8-14, wherein the one or more periods of time
are regularly spaced over time at a specified rate.

16. The method of claim 15, wherein the specified rate is greater than daily.

17. The method of claim 15, wherein the specified rate is greater than twice daily.
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18.  The method of any of claims 8-14, wherein at least two of the one or more
periods of ime occur within a twenty-~four hour period.

19 The method of any of claims §-14, wherein at least three of the one or more
periods of time occur within a twenty-four hour period.

20. The method of any of claims 8-19, whersin an active object located during a
first period of time of the one or more pertods of time and an active object located during a
different period of time of the one or more periods of time are portions of the same
bislogically active cell within the sample.

21, The method of any of claums §-20, further compnising:

based on the time-varying activity levels determined for the one or more active
objects within the sample container during a particular period of time of the one or more
periods of time, determining at least one of a patiern or a degree of coordination between
each pair of active objects within the sample container during the particular period of time;
and

displayving the determined at least one of a pattern or a degree of coordination between
each pair of active objects within the sample container during the particular period of time,

22, The method of any of claims 8-21, wherein the biologically active cells
include at least one of neurons, smooth muscle cells, striated muscle cells, cardiomyocytes, or
secretory cells.

23. The method of any of claimns 8-22, further comprising:

based on the time~varying activity levels deternuned for the one or more active
objects within the sample container during the particular period of time of the one or more
periods of time |, selecting a subset of active objects, wherein selecting a particular aciive
object from the one or more active objects within the sample container during the particular
period of time comprises determining that the time-varying activity level determined for the
particular active object exhibits at least one burst.

24, The method of claim 23, further comprising:

based on the time-varying activily levels determined for the selected subset of active
objects, determining at least one of a pattern or a degree of coordination between each pair of
active objects within the selected subset of active objects; and

displaving the determuned at least one of a pattern or a degree of coordination between

each pair of active objects within the selected subset of active objects.
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25.  The method of any of claims 8-24, wherein determining a location, relative to
the image frame, of the one or more active objects within the sample container comprises
determimng one or more sets of the pixel locations, each set corresponding to an extent
within the image frame of a respective active object of the one or more active objects.

26. The method of claim 23, wherein determining a time-varving activity level for
a particular active object during a particular period of time of the one or more periods of time
comprises determirung an aggregate activity level, across the particular period of time, of
pixel values that correspond to the determined set of pixel locations that corresponds to the
particular active object.

27 The method of any of claims 8-26, wherein generating a plurality of
fluorescence 1mages for a particular period of time of the one or more periods of time
comprises operating a microscope (o generate the plurality of fluorescence activity images,
and wherein the method further comprises:

prior to generating the plurality of fluorescence images for the particular period of
time, operating an actuated gantry to position the microscope relative to the sample container
such that the microscope can generate the plurality of Quorescence activity images of the
sample for the particular period of time.

28. The method of any of claims 8-27, further comprising:

determining a respective degree of photobleaching of the sample represented in each
of the fluorescence activity images of a particular plurality of flucrescence activity images
that corresponds to a particular period of time of the one or more periods of ime; and

prior to generating the fluorescence range image for the particular period of time,
correcting each of the fluorescence activity images of the particular plurality of fluorescence
activity tmages according to the respective determined degree of photobleaching.

29, The method of any of claims 8-28, wherein the biologically active cells
include a fluorophore that has a fluorescence property that is related to an activity level of the
biclogically active cells, and wherein generating a given fluorescence activity image of the
sample comprises ilurminating the sarople at an excitation wavelength of the fluorophore and
imaging light that is responsively emuitted from the sample at an emission wavelength of the
fluorophore.

30, The method of claim 29, wherein the fluorophore comprises a calcium-

sensitive fluorophore.
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31 The method of any of claims #-30, further comprising determining, based on
respective determined time-varying activity levels, respective mean intensity levels for one or
mwore of the objects during at least one of the one or more periods of time.

32, The method of any of claims 8-30, further comprising deternuning, based on
respective determined time-varving activity levels, respective burst rates for one or more of
the objects during at least one of the one or more periods of time.

33 A method of identifying biologically active cells during one or moore periods
of time, the method comprising, for each of the one or more periods of time:

a. generating a plurality of fluorescence activity images of a sample contained
within a sample container, wherein the sample includes biologically active cells, and wherein
each 1mage of the plurality of fluorescence activity images comprises a respective plurality of
pixel values, each pixel value corresponding to a respective pixel location within an image
frame;

b. determining a location, relative fo the image frarue, of one or more active
objects within the sample container during a corresponding period of time, wherein each of
the one or more active objects 15 a portion of at least one respeciive biologically active cell
present within the sample during the corresponding period of time;

c. for each of the one or more active objects within the sample container during
the corresponding period of time, determining a respective time-varving activity level across
the corresponding period of time, and

d. based on the time-varving activity levels determined for the one or more active
objects, selecting a subset of active objects from the one or more active objects, wherein
selecting a particolar active object from the one or more active objecis comprises determining
that the time-varying activity level determined for the particular active object exhibits at least
one burst.

34, A method of identifving biologically active cells during one or more periods
of time, the method comprising, for each of the one or more periods of time:

a. generating a plurality of fluorescence activity images of a sample contained
within a sample container, wherein the sample includes biologically active cells, and wherein
each image of the plurality of fluorescence activily images comprises a respective plurality of
pixel values, each pixel value corresponding to a respective pixel location within an image

frame;
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b. determining a location, relative to the image frame, of one or more active
objects within the sample container during a corresponding period of tirne, wherein each of
the one or more active objects is a portion of at least one respective biologically active cell
present within the sample during the corresponding period of time;

c. for each of the one or more active objects within the sample container during
the corresponding period of time, determining a respective time-varving activity level across
the corresponding period of time based on respective sets of pixel values, from each of the
plurality of fluorescence activity images, that have pixel focations proximate to the respective
determined locations of the one or more active objects; and

d. based on the time-varying activity levels determuned for the one or more active
objects, selecting a subset of active objecis from the one or more active objects, wherein
selecting a particular active object from the one or more active objects comprises determining
that the time-varving activily level determuned for the particular active object exhibits at least
one burst.

35, The method of any of claims 33-34, wherein the sarmple container is located
within an incubafor.

36. The method of any of claims 33-35, wherein determining a time-varying
activity fevel of a particular active object during a particular period of time comprises:

determining an uncorrected time-varying activity level based on a set of pixel values,
from each of the plurality of fluorescence activity images generated during the particular
period of time, that have pixel locations proximate to the deternuned location of the particular
active object;

determining, based on the uncorrected time-varying activity level, a time-varving
tevel of photobleaching of the particular active object across the particular period of time; and

determining the time-varving activity level of the particular active object durning the
particaiar period of tine by removing the time-varying level of photobleaching from the
uncorrected time-varving activity level,

37. The method of any of claims 33-35, wherein a first period of time of the one
or more periods of time and a final period of time of the one or more periods of time are

separated in time by more than twenty~four hours.
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38. The method of any of claims 33-35, wherein a first period of time of the one
or more periods of ime and a final period of time of the one or more periods of time are
separated mn time by more than three days.

39, The method of any of claims 33-35, wherein a first period of time of the one
or more periods of time and a final period of time of the one or more periods of time are
separated in time by more than thirty days.

40.  The method of any of claims 33-39, wherein the one or more periods of time

are regularly spaced over time at a specified rate.

41 The method of claim 40, wherein the specified rate is greater than daly.
42, The method of claim 40, wherein the specified rate 1s greater than twice daily.
43, The method of any of claims 33-39, wherein at least two of the one or more

periods of time occur within a twenty-four hour period.

44, The method of any of claims 33-39, wherein at least three of the one or more
periods of time occur within a twenty-four hour pertod.

45, The method of any of claims 33-44, wherein an active object located during a
first period of time of the one or more periods of time and an active object located during a
different period of time of the one or more periods of timme are portions of the sarse
biologically active cell within the sample.

46, The method of any of claims 33-45, fiwther comprising;

based on the time-varying activity levels determined for the one or more active
objects within the sarople container during a particular pertod of time of the one or more
periods of time, determining at least one of a pattern or a degree of coordination between
each pair of active objects within the sample container during the particular period of time;
and

displaying the determuned at least one of a pattern or a degree of coordination between
gach pair of active objects within the sample container during the particular period of time.

47 The method of any of claims 33-46, wherein the biologically active cells
mclude at least one of newrons, smooth muscle cells, striated muscle cells, cardiomyocytes, or
secretory cells.

48.  The method of any of claims 33-47, wherein determining a location, relative to
the 1image frame, of the one or more active objects within the saraple container comprises
determining one or more sets of the pixel locations, each set corresponding to an extent
within the image frame of a respective active object of the one or more active objects.
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49, The method of claim 48, whergin determining a time-varying activity level for
a particular active object during a particular period of timme of the one or more pertods of time
comprises deternuning an aggregate activity level, across the particular period of time, of
pixel values that correspond to the determined set of pixel locations that corresponds to the
particular active object.

50. The method of any of claims 33-49, wherein generating a plurality of
fluorescence tmages for a particular period of time of the one or more periods of ime
comprises operating a microscope to generate the plurality of fluorescence activity images,
and wherein the method further compnises:

prior to generating the plurality of fluorescence images for the particular period of
time, operating an actuated gantry to position the microscope relative to the sample container
such that the microscope can generate the plurality of fluorescence activity images of the
sample for the particular period of time.

31, The method of any of claims 33-50, further comprising:

determining a respective degree of photobleaching of the sample represented in each
of the fluorescence activily images of a particular plurality of fluorescence activity images
that correspounds 1o a particular period of time of the one or more periods of time; and

prior to generating the fluorescence range image for the particular period of time,
correciing each of the fluorescence activity images of the particolar plurality of fluorescence
activity tmages according o the respective determined degree of photobleaching.

52, The method of any of claims 33-51, wherein the bioclogically active cells
include a fluorophore that has a fluorescence property that is related to an activity level of the
biologically active cells, and wherein generating a given fluorescence activily image of the
sample comprises tuminating the sample at an excitation wavelength of the tluorophore and
imaging light that is responsively emitted from the sample at an emussion wavelength of the
fluorophore.

53. The method of claim 52, wherein the fluorophore comprises a calciom-
sensttive fluorophore.

54, The method of any of claims 33-53, further comprising determining, based on
respective determined ime-varying activity levels, respective mean intensity levels for one or

more of the objects during at least one of the one or more periods of time.



WO 2019/094230 PCT/US2018/058237

55. The method of any of claims 33-53, further comprising determining, based on
respective determined time-varying activity levels, respective burst rates for one or more of
the objects during at least one of the one or more penods of time.

56. A non-transitory computer-readable medium, configured to store at least
computer-readable instructions that, when executed by one or more processors of a
computing device, cause the computing device to perform computer operations carrying out
the method of any of claims 1-55.

57. A system comprising:

one ot more processors; and

a non-transitory computer-readable medium, configured to store at least computer-
readable instructions that, when executed by the one or more processors, cause the system to

perform the method of any of claims 1-55.
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a. Active Object Count (per
image, per mmas, per well)

b. Average Object Mean Intensity
(OCU - Orange Calibrated Units)
c. Mean Burst Duration (seconds)
d. Mean Burst Rate (per minute)
e. Mean Burst Strength (OCU)

f. Mean Correlation

A 4

Concatenate all summary metrics
over full experimental timeline

Fig. 3

Automated Image
Analysis

Automated Imags Analysis

FIGURE 11
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Seed £18 Rat Lentivirus containing GECI Remave virus, refeed

forebrainnewrons s added to the co-culture  with PdU, and follow
and rat astrocytes nevronal activity using New Instrument Capabilty
neuCyte 4x+ orange-red channel s 3 movie af 3fps

FIGURE 12

Automated Neuronal Activity Analysis & Metrics

Visualize full set of data at every time point Fluorescent image represents activity range over
complete 3’ video capture. Quickly see differences in active objects. Built-in analytical tools
facilitate data analysis for the typical biologist. Unsegmented range image (left) and

segmented range image (right).
FIGURE 13A
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RN
AN
o K

b RN Q -,z
G

Movie viewing and export tools

Movie viewing and movie export tools are integrated within the user interface for simple,
qualitative data viewing. Phase contrast images are also provided for a qualitative check on cell
morphology and culture health (image not shown).

FIGURE 13C

*  Active object count {per image]}
* The number of objects that burst af least
once over the 3 minute scan

¢ Object Mean Intensity (OCU)
» The mean intensity of an object over the
total scan time

* Nean Burst Strength (QCU)
* Area under each burst divided by the
duration of that burst over the total scan
time

Drtavity

* Mean Burst Duration {sec)
» Duration of each burst over the total scan
time

¢ Mean Burst Rate {bursts/min}
* The number of bursts over the total scan
time

«  Mean Correlation {low=0, high=1}
» The mean correlation of each pair of
objects within the image {connectivity} L. . .
Automated Neuronal Activity Analysis & Metrics
A high-level description of metrics provided at each scheduled scan. Built in analytical tools

facilitate data analysis for the typical biologist.

FIGURE 13D

SUBSTITUTE SHEET (RULE 26)



PCT/US2018/058237

WO 2019/094230

Otl JdNOI

abewl ue uIyum s|[a2 |[e Jo} AJIAND. JO S9dBI) Ul Seoualayip 9as APPRIND

sou

}9IN 9 SiSAjeuy A}IAI}OY |EUOININ pajewolny

11727

{398} o10y;,

non Aaussuy

4€1 J4N9Ol4 ¢ JHNOld

"(s]199) s109[qo 9|BuIs 10} AJANOE JO S80I} Ul SaoUaIByIp 89S APOIND "8109[q0 aAI0. Ul saoualayIp 9as APoIND
Sou3aN B sisAjeuy A}IA13OY [euocinaN pajewolny Sou3a|N B sisAjeuy A}IA1}OY [euoinaN pajewoiny

v} 2801

A0 Al

u

SUBSTITUTE SHEET (RULE 26)



WO 2019/094230 PCT/US2018/058237

P

o

3

\\i
ata, 1ne

i

e O

EPPRCN

T Stnts

A
2

P

g
Fd

NN

N

N <SONN
R AN,

& Wi o

at

FIGURE 13H

Summary Trace - Mean Intensity over 3 minutes

o et
T @
o %’
PR m
v 5 ou
3 o
B
& 2
. B .
3 T <& £
I 3 - &
3 - R ) pool
X S 3 @ b
]
S A& &
L E]
& A
- = m
5 =% L Ak 2 2
Do =X A & ©
3 dE 2
xR
3 € :
= £l @
N = :
\§ 4 ki £
L 5
m oy
*i\':; P
3 a e
= . Qi
R ey
3 & &
oo i
= g
: A : &
@ P ~‘ [T T =
= S =

2
BESYRES orrel
e

L2 Lt R
S oo
: peet 3

L« =S

SUBSTITUTE SHEET (RULE 26)



WO 2019/094230 PCT/US2018/058237

i

/
Pharmacological effects of Picrotoxin and Tetrodotoxin on E18 rat forebrain neurons

Pre-scan Post-scan
Veh  TTX  PTX Veh TTX PTX Veh TIX  PTX Veh TTX PTX

Endpoind pharmacotogy with tefrodotoxin {TTX, 1 aM) of piceotoxin (PTX, 100 ydd). PTX traatment increases
fate of bursting and correlation {connectivity}. TTX reatment significantly decreases alf measured metrics,
indicating the activity measured is synaptically driven

FIG. 13l

Pharmacological effects of Picrotoxin and Tetrodotoxin on E18 rat forebrain neurons

T4 & 130 176 20m <0.43.07 BramPhys vs RA Biv2 Lenttdn iSoreiran N> Mnaityvs Tims 1 6440 2126 170 23 <822 47 BiioPhys v$ NB Div2 Lept wt iForabial N> Htehdly vs Tie. & 124170 200 01217 Brasndays vs NB DY2 Laniite 17 ¢radrai N> wanshy 98 Tine

hAanmacs 5 ; pi
of ;:ur:img and sorratetion ioonnech M' TT treatmm
Mmcatmg {he activity measurad is synsptically driven

FIGURE "EBJ
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iPSC-derived neurons provide hope that investigations can be made using human disease models
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Transdtierentiagion

* It reprogramming success only 10
years ago

« Differentiation protocols still
intensively worked on for multiple
neuronat types

* Characterizing the resulting cells is

the wild west
b g *  Neurons?
L tiatat +  Neuron-like?

¢ Surface markers do not mean much
L Asstope

44 *  Common questions:

Nabue Heviews | NesokaSy

i *  How do you culture those?
*  What media do you use?
«  What is your coating?
*  Co-culture? How?

Thase models are not well established. The systams and mathods of the presant invention provide tools far
analysiy of such modeis to provide for their characterization end improvement.

FIGURE 14
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Experimental Dasign

Tosted 3 densities
* 60K per well
AN

s 15Kperw li
All eultured inthe presence of rAstrocytes at 15K per well
Infected with GEClat Days 0.3, 7. 14 and 21
Coating: PEL % Laminin

Media: BrainPhys + iDopa supplement (supplement
stuggested by €D

B0% madia exchange [2x waekly)

Scanned for activity every 24 hours

Experimental de5|gn for iCell GlutaNeurons

FIGURE 15
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iCell GlutaNeuron Spontaneous Activity Kinetic Analysis - A significant change in mean burst rate was observed in iCell GlutaNeurons over the

course of this 30
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Summary — iCell GultaNeurons

¢ Optimal timing of infection is >2 days post plating
“ iCell GlutaNeurons become active quickly, and are nearly completed
correlated within 12 days in culture

* Long term expression of GECI does not appear to alter development of

network activity or connectivity
* Burst rate significantly changes over time

= (Data not shown) — iCell GABANsurons display activity within the same
time frame. However, no conneclivity is observed in either monoculture or

co-culture over 20 days in culture

FIG. 16D

BrainPhys Media
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A & with the GECI
&QQ\@\\ g s Cellsare plated, allowed to differentiate for 7 days, then
L. transduced with GEC

+  Allcultured in the presence of rAstropytes at 15K per well

+  (oating: Matrigel

Newren, 3013 Fane 5 7830 785798 ol 10 1016 newron 2013.08.023.

Activity measurements were also made in iNeurons

FIGURE 18A
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Absence of Growth Factor Presence of Growth Factor

Moviers and traces of iNeurons

FIGURE 18C
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Phase contrast images of iNeurons cultured in 3N media versus BrainPhys

{3
As previously noted, cells grown in 3N are healthy, and display significant network
complexity. However, no measurement of activity could be detected using these methods

FIGURE 18D
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