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Minimum System Requirements
- IBM compatible computer (PC not Mac), 400 MHz or faster,

- Windows 8.1 to Windows 10 operating system,

- Minimum 2GB RAM recommended,

- Minimum 1280 x 720 screen resolution,

- Internet connection for software installation,

- Microsoft Excel® (2013 or higher) or Notepad text editor for data logging.

Check Package Contents

Thank you for your purchase of the DIV-BBB 2.0! For your benefit, and to better enable us for future customer
support, we recommend that you record the details below. Please ensure your kit has the following components:

A 1 Flocel, Inc. TEER Measurement Unit A 4 33mm glass media bottles, 125mL
A 1 Flocel, Inc. Fluid Perfusion Unit A 4 33mm media bottle reservoir caps
A 1 USB A to USB Micro B cable, 3ft. A 4in vitro cell culture modules with tubing
A 2 RJ-45 Cat. 6 connector cables, 6ft. A 4 cell culture module mounting platforms
A 4 RJ-45 Cat. 6 electrode cables, 1ft. A 8 male luer T connectors
A 2 RJ-45 converter boxes A 8 reservoir cap connector tubes, 6in.
A 1 USB 3.0 to 4-pin jack cable, 6ft. A 16 silicone caps with electrode pin
A 1 AC power adapter cable, 6ft.

Customer Support
Name: Aaron Dadas, B.SC.ENG. Hours: 8:00AM T 4:00PM EST

Monday i Friday

Phone: (216) 644-3460 Website: https://www.flocel.com/
E-mail: aaron.dadas.85@gmail.com Address: 4415 Euclid Avenue, #421

Cleveland, Ohio 44103
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Introduction

Each year pharmaceutical companies spend millions of dollars to test drugs using in vitro models of the
blood-br ain barrier ( BBBynamic hlVitra BldodBrainfBarnei (DIY-BB®BY products offer a
unique and superior approach to this method by utilizing real human endothelial cells and the formation of tight

junctions within its dynamic system, resulting in a physiologically accurate reflection of true BBB characteristics.

Version 2.0 of the DIV-BBB model boasts a highly-modular subsystem design that allows the user to

assemble and modify their experimental setup in a manner most befitting their test-specific needs:

Overall, the DIV-BBB 2.0 enables more accurate pharmacokinetic and toxicological studies and reflects
in vivo blood-brain barrier properties. Its replication of important endothelial cell-astrocyte interactions and ability
to sustain up to four cell culture modules substantially reduces drug development cost and experimental time. In

addition to BBB cell types, the cell culture modules allow for pericyte, epithelial and tumor cell growth.

Examples of in vitro studies that can be performed with the DIV-BBB include:

1) The isolation, growth and identification of cells A capitary  venutes [ o B | G
% E Pilocarpine
derived from multicellular organisms. The DIV-BBB i 2 §: 2 -~
. . . . g2 (atropine only)
2.0 is permissive for the growth of endothelial, ‘ i ics TEETa
g hange (Ohm ci

epithelial, glial and tumor cells, as well as pericytes. D

0 6522 | ey
25 246211 4 1
4

2) The use of surgical samples isolated from human

brain or other organs where blood flow is of essence.

3) The effect of shear stress in arteries and veins. . Ast,:z;zgaw 8o oot Musctoand .,;’:icxi“
. . . L N\ > L — > —
4) The study of metastatic tumor migration from wbesspormie o ——C

8

peripheral organs to the brain. VS
5) The prediction of efficacy/toxicity in antitumor drugs.
6) The in vitro characterization of the effects of drug
transporters in human or rodent brain. " e
7) Drug delivery via nanospheres, viral vectors and

siRNA in humanized and rodent BBB models.

8) The efficacy and penetration of antibody drugs or

other large molecular weight protein.
9) Distribution, metabolism, and excretion processes of Figure 1: Experimental setup characteristics of the DIV-BBB 2.0.
drugs in a model of human body with hepatocytes,

brain barriers and other peripheral organ systems.
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DIV-BBB 2.0 Set-up

Before proceeding through the set-up instructions for the DIV-BBB 2.0, please review the package
contents checklist above to ensure that all materials have been provided. This section will outline the step-by-
step directions for connecting one cell culture module to the Fluid Perfusion Unit and TEER Measurement Unit;

these steps should be repeated for all four modules, keeping careful consideration for proper cable connections.

1. Place the Fluid Perfusion Unit, cell culture modules, RJ-45 Cat. 6 electrode cables, RJ-45 converter
boxes, glass media bottles, media bottle reservoir caps, male luer T connectors, reservoir cap connector
tubes and silicone caps with electrode pin in the incubator. A few silicone caps will already be connected
to the T connectors; unless your experiment calls for an alternative set-up, leave these as they are.

2. Secure the T connectors and silicone caps to each cell culture module, as shown below. The tubes for

the T connectors will be | abeled A10 and nA40, and those for

- TSNS

3. Secure the RJ-45 Cat. 6 electrode cable through the hole in the back of the cell culture mounting platform

ideally using a zip tie to fasten it securely to the back stand of the platform. Fasten the cable close to
where the jumper wires split apart, to allow enough cable length for connecting to the converter box.

4. Connect each of the electrode jumper wires to its respective electrode pin on the cell culture module by
matching the cover color on each jumper wire to its proper position on the module, assuming that the cell

culture module is oriented with its stand in the rear and its electrode pins facing up, as shown above.

Jumper Wire Cover Color Electrode Connection to Module
Blue 1 Left
Green 2 2" from Left
Yellow 3 2" from right
Red 4 Right

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 6



Note: The jumper wire cover color is NOT the same as the color of the jumper wire itself! Refer to the
image below for the difference. The color of the jumper wire itself is insignificant. It is the cover color

-the sheath at the connection point for each jumper wire- that determines how it connects to the module.

Jumper wire color.
—_—
NOT IMPORTANT.

N
o

-

1

Covercolor.

USE THSE

Make sure that each jumper wire is fully and securely locked on to the electrode pin. When connecting
the jumper wire, the user should be able to loosely slide the electrode pin into the jumper wire, and then
push it until a second -and more resistive- connection occurs. A fully-connected jumper wire should have
anywhere from 00 t o 1pindadshodldnetxlipconseetdvithe bemtte tug. o d e

Note: The electrode pins are sharp! Be careful not to prick yourself while inserting the jumper wires.

The fully-connected cell culture module will look like the setup shown in the image below.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 7



5. Secure the reservoir cap connector t ufbelew, right)tThe e a c
female luer fitting of the connector tubes should be open. Connect these to the two cell culture module
tubes with male luer fittings (it does not matter in which orientation these two tubes are connected).

6. Secure the two remaining cell cult ur e tubes (|l abeled AP.1 .0 for, AP
respectively) ontothe i P. | . 0 aarls ofihe Flull.Pérfusion Unit pump head (below, left).

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 8



7. Connect the 4-pin jack and AC power adaptor cables to the Fluid Perfusion Unit and run them out of the
incubator, keeping in mind that both cables must be within reach of a wall outlet, as well as a computer

with two available USB ports and the DIV-BBB 2.0 User Interface software package installed.

At this point, the only remaining connections to be made should be the electrode cables to the TEER.
Setting up these cables correctly is important, as the electrode cables -though similar in appearance- are

different from each other and will not transmit signals if they are not connected in the proper configuration.

The user should number their cell culture modules #1 1 #4 to coincide with commands from the software.
The electrode cables should be connected to the TEER Measurement Unit in the following manner:
Module #1 cable > RJ-45 Converter A, Port1 > RJ-45 Connector Cable > TEER Port A
Module #2 cable > RJ-45 Converter A, Port2 > RJ-45 Connector Cable > TEER Port A
Module #3 cable > RJ-45 Converter B, Port3 > RJ-45 Connector Cable > TEER Port B
Module #4 cable > RJ-45 Converter B, Port4 > RJ-45 Connector Cable > TEER PortB

10. Connect the USB A to USB Micro B cable between the TEER Measurement Unit and a computer with
the DIV-BBB 2.0 User Interface software package installed. If this is the same computer that the Fluid
Perfusion Unit is connected to, make sure that at least two USB ports on the computer are available.

11. At any point after the system is set up, the electrode connections can be tested (provided there is a fluid
running through your cartridge for the excitation signal to reach the electrode pins). If any of the electrode

pins are not properly connected, the user will observe a flat line that is level-shifted (as shown below).

CQuick Measurement  Frequency Sweep Time Sweep  Multiplex

Graphics Quick Measurement Raw Data || FitData | 7|
& ' ' El
o
N Elactrode 1 Parameters
b@ :_ — I T ———— - T — ;::iﬁ:i | Current Gain: 998 J
wt Electrode 4 Electrode Gain: | 2.05 J
Amplitude [mV]: [ 601 | 1
L | pcoffsetimvy: [ o | [
&
LS Frequency [Hz]: 100 J
— a 3
& Test Channel =l
1: Z:D 3:|:| 4:|:|
= L |
E &
@
[=1]
i ?
2 &S - Test Results
Impedance: 15286 ohm
= -{ Phase Angle: 253  deg.
®
Res. E1to E2: 14742 ohm
Res. E2to E4: -262 ohm
o |
P Res. E3to E4: 1806 ohm
_—
[ e L — — — Options Bl
J,/"_'-- I e - ) — - -
L — | e | | | save To File: []

1 1
o ] K K] o 2] o
3 * v =
’ Measure
Time [ms]
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DIV-BBB 2.0 Hardware Details

Fluid Perfusion Unit:

Note that the new pump offered by Flocel, Inc. can operate
in peristaltic and pulsatile mode. For details, see Appendix I. The
DIV-BBB 2.0 operates with a Fluid Perfusion Unit that can be supplied
from either a piezo micro-pump for single-cartridge experiments (Fig. 2,

left) or four peristaltic pumps simultaneously (Fig. 2, right). These pumps

can provide steady-state and pulsatile fluid flow through the cell culture

modules and can be user-controlled for flow rate and beats-per-minute. g, rc 2. The user may choose between a single

. . . . iezo micro-pump (left) or a system of four peristaltic
With the peristaltic pump, the user may select from a variety of output Eumps (one ‘;f foﬂr(pu,)np hea)és Shown on fhe right).

pressures and tubing diameters which are displayed on our website.

In vitro Cell Culture Modules:

Flocel, Inc. offers a wide array of single-use cell culture modules which are designed to perform reliably
and consistently in both pharmaceutical and immunological testing conditions. These products range from the
single fiber transmural cartridge for on-stage microscopy and drug extravasation trials (Fig. 3, left) to the multi-
fiber environment for high-throughput pharmacokinetic experiments (Fig. 3, right). All varieties of cell culture

module -in accordance with the Fluid Perfusion Unit- promise a high-quality and confluent growth of luminal cells.

0 60 90

150
1 1 1
L] L]

1 mm

30 120
L [ 1
| ] L] L]
ECS 1and 2
Lumen 2 sl — e Lumen 4
EF " “ s | R
AR ) > e

K

1 v v 1' :' 1

Lumen 1 Lumen 3
Flowpath Flowpath

Figure 3: Example of the single fiber transmural cartridge (left) and multi-fiber cartridge (right), compatible with both piezo and peristaltic pump setups.

Trans-Endothelial/Epithelial Electrical Resistance (TEER):

A favored approach to analyzing cell culture modules is Trans-Endothelial/Epithelial Electrical Resistance
(TEER), which provi des a rapid evalwuation of tg hngpedaneel atrosd iy e r
boundary. The DIV-BBB 2.0 comes equipped with a TEER Measurement Unit and four docking platforms for cell
culture modules, which can all be tested concurrently. Trials can be performed at sampling frequencies between
0.1 Hz and 1 kHz, with frequency resolution of 0.1 Hz, for any duration of time; this data is automatically logged
toan Excelor.csvsave fil e of t h &hesesystendsare pontrelieceviaehe DI¥-BBB 2.0 User

Interface software package which is distributed from an online source after purchase of the system.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 10



DIV-BBB 2.0 Software Details

The DIV-BBB 2.0 is controlled from the DIV-BBB 2.0 User Interface software package, an intuitive and
regularly-updated platform that guides the user through configuration of the TEER and pump testing parameters.

TEER Measurement User Interface:
The TEER Measurement User Interface is a standalone program created in MATLAB. There are four

testing screens the user can navigate between without risk of interrupting active tests, which are as follows:

1. Quick Measurement: Adjust testing parameters for the TEER (e.g., current gain, DC offset, etc.), and
view plotted electrode data and impedance/phase angle values from one selected cell culture module.

2. Single-Timepoint Frequency Sweep / Frequency Sweep Over Time: Perform either a single-timepoint
sweep of a user-defined range of frequencies on one cell culture module, or-i f t he A Ti me
checkbox is activated- select to have this frequency sweep repeated at user-defined time intervals.

3. Single-Frequency Time Sweep: Perform a single-frequency, single module test for a user-defined
span of time, with impedance and phase angle being plotted as a smoothed value over time.

4. Multiplex (if multiplexed TEER is purchased): Perform the same functions as described in 2. and 3.
with up to four simultaneous and independently-controlled cell culture modules. Results will be plotted
and saved strictly based on the active channels that are selected under the Test Channels section.

When atest is performed, the TEER Measurement User Interface controls the application of a sinusoidal
waveform of controlled voltage and frequency f r om t he | u mp e rto theicell eultdrearpdule.eTkhis A 1 ¢
excitation signal travels to the interepithelial resistance barrier, where transmembrane impedance is recorded

and measured. This process may occur with up to four active channels containing cell culture modules.

Fluid Perfusion User Interface:

The Fluid Perfusion User Interface is a second standalone program created in LabView. This program
allows the user to control the fluid perfusion properties of up to four cell culture modules concurrently and
independent of each other, due to modular design of the pump drivers. Both the flow speed and beats-per-minute

of each pump can be defined, and the user may start or stop any of the four fluid perfusion motors at any time.
The following precautions should be taken into consideration, when designing your experimental setup:
- Both User Interface programs require separate USB connections to function properly.
- USB hubs are not recommended as this may disrupt power distribution to the TEER Measurement Unit.
- The motors must be manually shut off on the Fluid Perfusion User Interface before closing the program.

- Disconnecting either USB cable during operation of the DIV-BBB 2.0 User Interface software package

will require a manual reconnection, and might warrant a restart of the User Interface altogether.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 11



Installing the TEER Measurement User Interface:

Note: Do not attempt to connect the TEER Measurement Unit before all software installation is complete!

The TEER Measurement User Interface is distributed to each user via a Google Drive shared directory,
so that any subsequent versions or patches of the software can be easily and rapidly redistributed. A Flocel, Inc.
sales representative will be in active communication with each customer to ensure a complete setup of the

software; in the event that a representative cannot be reached, contact the email provided in Customer Support.

Once the Google Drive directory has been distributed, open it and navigate to DIV-BBB 2.0 > Software

Installation > TEER Measurement User Interface and download the most recent application installer.

My Drive > DIV-BBB 2.0 > Software Installation > TEER Measurement User Interface ~ &%

Name Owner Last modified File size

= TEER Measurement U.l. 12182017.exe =« me 0:29 AM me 624 ME

Clicking fADownl oado wiGboglechamat scan the file fax virusesr as it excgedd tihea

maximum file size for scanning. Sel e software Dhstalatidn.cSalectaAn y \
directory for the executable and MATLAB Runtime Library, and accept the Runtime Library User Agreement.
M 'nstallation Options - O >

Choose installation folder:

C:\Program Files\Flocel, Inc.i'I'EER_Ull Browse...
Restore Default Folder

[] Add a shortcut to the desktop €I

]

|_.ﬂ|-4

i#

Q..} .:j'-r :

Ffoéel, }nc.

A Dynamic in Vitro BBE Company

Once the application is finished installing, sele

Note: Make sure to run the User Interfaces as an Administrator! The programs may fail otherwise.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 12



Installing the Fluid Perfusion User Interface:

Note: Do not attempt to connect the Fluid Perfusion Unit before all software installation is complete!

The Fluid Perfusion User Interface is distributed to each user via a Google Drive shared directory, so that
any subsequent versions or patches of the software can be easily and rapidly redistributed. A Flocel, Inc. sales
representative will be in active communication with each customer to ensure a complete setup of the software;

in the event that a representative cannot be reached, contact the email provided in Customer Support.

Once the Google Drive directory has been distributed, open it and navigate to DIV-BBB 2.0 > Software
Installation > Fluid Perfusion User Interface and download the most recent application installer. Select an

install directory for the executable and National Instruments library, and sign the License Agreement.

¥ Flocel Quad Pump - O X
|

Destination Directory
Select the installation directories.

Al software will be installed in the following locations. To install software into a
different location, click the Browse button and select another directory.

Directory for Flocel Quad Pump
[C:\Pnogram Files\FoceiQuadPump\ J Browse...

Directory for National Instruments products
[C:\Program Files\National Instruments\ } Browse...

<< Back Next >> Cancel

The installation program will inform the user of which applications/libraries are being upgraded, and

which are receiving new content. Clickthe fiNext 6 button to begin the instal
Once the application is finished installing, sele

Note: Make sure to run the User Interfaces as an Administrator! The programs may fail otherwise.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 13



Using the DIV-BBB 2.0 Software

Navigating the TEER Measurement User Interface:

See also results and examples in Appendix VI. The theory of operation can be found in Appendix Il. Upon
startup of the TEER Measurement User Interface, the user will be prompted to select which COM Port the TEER
Measurement Unit is connected on. If this is not known,got o your computerds Device
| ocate the COM Por ti Aridtuliendo fiDAured uPi r noogontawevive, of g sinfllar name. o r

& Device Manager — O X
File Action View Help

<?'$||D|E|'7J|ng %

== |DE ATASATAPI controllers
= Imaging devices

¥= Intel(R) Dynamic Platform and Thermal Framework

=2 Keyboards

@ Mice and other peinting devices

[ Monitors

v [ Network adapters

@ Bluetooth Device (Personal Area Metwork)
@ Bluetooth Device (RFCOMP Protocel TDH)
f=' Cisco AnyConnect Secure Mobility Client Virtual Miniport Adapter for Windows x84
@ Intel(R) Dual Band Wireless- AC 7260

ﬁ Standard Serial over Bluetooth link (COM4)

If the selected COM Port is not recognized as that of the TEER Measurement Unit, a warning message
will appear. The user may try again on a different COM Port, or the same port after reconnecting the device.

4 — X

Confirm Device Serial Port:

comg
COM10
COM11
Egmé 4\ Connection Error — ot
CoM14
COM1S )
COM16 Device not found.

Egm; Please check whene device is indicated to be connected, and retry.
conte If this issue continues, unplug the device and restart the program.
COoM20
comM21 - .
coM22 Try Again Quit
coM23

com24

COoM25 v

Cancel

If multiple attempts on the designated COM Port fail to recognize the device, and reconnecting the device
both to the same COM Port and a different COM Port fails to establish a proper connection, contact the phone

number or email in the Customer Support section and a representative will assist in troubleshooting the issue.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 14
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Voltage [mV]

Upon connection,thepr ogr am wi | | all ow you t o ,tssshognbelonwbet weer
Quick Measurement: 7
Quick Measurement  Frequency Sweep Time Sweep  Multiplex
Graphics Quick Measurement Raw Data | FitData | 7|
’f’a T T T T T T j 1
Electrode 1 Parameters
Electrode 2 .
Eloctrode 3 Current Gain: | 598 J
P Electrode 4 | - Electrode Gain: [ 2.05 | [l
P Amplitude [mV]: [ 601 | 1 2
DC Offset [mV]: | 50 | [l
Frequency [Hz]: | 10 J
& -
el
Test Channel
] 2 320 0 3
& |
o \ / \‘\ 7N AR Test Results
- \\_\_‘ o .."A"‘-_ S/ '\—~.__\\\ ry \v_‘.‘
'_'”':\,\ /J ) ‘“"\ Van \"\.\ FilVad ~ Impedance: 1044 ohm
T -.,-I\—:k'\:fﬂ««—u nwn—vrﬂ“ﬁ;rk-:wﬁ‘wt“:}g:\;%w“ . ol i -'_»-\';"".""-:"' NN““/—-:‘_’“ T Phase Angle: 10 dea
ofF ‘-.\ L { ‘..\ i Iy L B A — Res. E1toE2: 990 ohm 4
\ . g \ o
N N o A el Res. E2toE4: 852 ohm
.‘\ \\ / 5 I
\ N i \ / Res. E3toE4: 202  ohm
or ey .\,,w—\..-f R\-v.«u\_r-)) _ —j
’ Options -
| | | | | | Save To File: I:‘
,'\QQQ ‘aﬁ \{p '\@ & ‘P u,@ “J@
v ¥ Measure 6
Time [ms]

Help Buttons T These appear next to every significant section of the program, and outline much of the

information discussed in this manual. They are your best guide to conducting a test or interpreting results.

Parameters i These parameters are applied to all other test types, unless otherwise specified on a

different test page. A green button indicates that the currently displayed value has been accepted. A gray

button indicates that a new value has been typed in, but the button has not yet been clicked and the new

value has not been accepted. A red button indicates that the user input is hon-numeric and must be

changed before a test

can

be conduc

t ed (netsegistehao wn

new user value, this is only accomplished by clicking the button next to each individual parameter.

Set Parameters

Current Gain: | 10.02 J
Electrode Gain: | 2.05
Amplitude [mV]: | dss
DC Offset [mV]: 0
100

EEEE

Frequency [Hz]:

~

Save To File:

Fix Values

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH.
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3. Test Channeli Select a cell culture module to test. This feature does not throw a warning if you attempt
to test the wrong module; the user must ensure they have properly numbered each module before testing.
4. Test Results i Presents the results of each measurement for this test page. This field is refreshed with
each test if the Graphics button is active. If the Save To File box was not checked and the user wishes
to record this data, it must be manually recorded. The values presented in this section are as follows:
- Impedance: Total resistance across the epithelial cell barrier, measured in ohm*cm?2.
- Phase Angle: Shift in phase between excitation signal and response signal, measured in degrees.
- Res. E1 to E2: This resistance indicates whether there is leakage in the gasket securing the fibers.
-Res.E2toE4:ACross voltaged value of the cell cul ture
5. Save To File 7 This box must be checked in order to log data from a given test. If this box is checked and
the Measure button is clicked, the user will be prompted to select a file save location before a test is run.
The two file options for data logging are comma-separated values (.csv) and Excel spreadsheet (.xlIsx).
If a test is canceled before it has run to completion and the Save To File box is checked, the program will

save all data that had been recorded up to that point; any unused rows of the save file will be zeros.

Note: An error will occur if you attempt to save to a file name that is already created and open on
your desktop at the time of testing. Although the software is designed to catch this error without

losing the test data, it is best to close out any previous files before saving afile of the same name.

6. Measure 1T For the Quick Measurement test page, this button runs a single-frequency scan on the
selected channel. Raw (unfitted) plot data and Test Results will be displayed at the end of each test.

7. Plot Types i These buttons appear only after the first test has been conducted and data has been
coll ected. fARaw Datao displays the unfiltered save
each data trace to an ideal sinusoidal waveform. This function removes the electrode gains, calculates
amplitude and phase angle, and replots these waveforms with the user-defined DC voltage offset.
Plot Data i A single plot displays the fitted and unfitted data as voltage (mV) over time (ms).

Graphics i Toggle on or off the automatic refresh of visual data for the Quick Measurement test page.

Note: It is important -particularly during tests with numerous data refreshes (i.e., a multiplex time
sweep lasting longer than 12 hours) to turn off the Graphics buttons when they are not needed!
The Graphics buttons should be turned off on all test pages, and only flipped on when the user
is checking a test in progress or calibrating parameters on the Quick Measurement test page.
Leaving the Graphics on for an extended time will eventually begin to lag the program. If atest is
being conducted over multiple days, this lag may accumulate enough to affect the timing
properties of the program and put the experiment at risk. Every test in the TEER Measurement
User Interface has been ensured to operate smoothly when the Graphics are used in moderation
throughout a test; thus, Flocel, Inc. is not liable for any errors, crashes or losses of data that

occur due to the visual refresh feature being left active for an extended amount of time.
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Frequency Sweep:

v

Quick Measurement Frequency Sweep  Time Sweep  Multiplex

Graphics Impedance (Top), Phase Angle (Bottom)
‘\QQ T T T T T T
Parameters
™
_ @“ B \\\ Current Gain:  9.98
e N Electrode Gain: 2.05
[#] — \\ -
T & ~ Amplitude [mV]: 60.1 1
5 ~ DC Offset [mV]: 0
§ @h ~ .- Test Channel: 1
3 T
g o 1 — .,
E 3 T Frequency SweepJ
,9“_ T T I 7 Minimum: Hz
| | | | | | Maximum: Hz 2
,\Q“ Step Size: [ 5 | Hz
2] T T T T T T Average: |I| Tests
Jssinl
% I — Test Results
= ST Res. E1toE2 1108 ohm
§| e > e - - Res. E2to E4: -28 ohm 3
= e Res. E3toE4: 86  ohm
2 R
= N - ?
= PN Options =l
M Time Sweep: [ | 4
& ) | | | | | | save To File: [
LA ] ] ] ] ] ] k] ]
Lol Lo Ll o« & A L

Frequency [Hz]

" Measure 5

Parameters i Displays the parameter values that were set on the Quick Measurement test page. This
includes the active test channel, but not frequency (this is determined as a frequency sweep range in 2).
Frequency Sweep i Select values for the minimum frequency, maximum frequency, step size between
each test, and the number of tests that are averaged together for each individual frequency.

Test Results i Resistance values for each individual test; these values are not averaged.

Time Sweep i The user-defined frequency sweep is conducted over a span of time. These sweeps occur
in line with the Frequency Sweep and Time Sweep parameters, each of which need to be re-selected
once the Time Sweep box has been checked. Once the frequency sweep range has been input, the
program will calculate the minimum time intervalnec essary t o compl ete each
frequency scans every minute!). Although the test itself must be started by clicking the Measure
button on the Time Sweep test page, all data will be plotted on the Frequency Sweep test page.
Measure 1 For the Frequency Sweep test page, this button runs a sweep through each frequency
selected in the range from 2, and averages the number of tests selected by the Average value.
Impedance and Phase Angle Plots i Each data point represents the average value of impedance (top,
in units of ohm*cm?) and phase angle (bottom, in units of degrees) for that respective frequency.

Graphics i Toggle on or off the automatic refresh of visual data for the Frequency Sweep test page.
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Time Sweep:

Quick Measurement  Frequency Sweep Time Sweep  Multiplex

5 Graphics Impedance (Top), Phase Angle (Bottom)
S T T T T T
w3 Parameters
Q@ ~ T - Current Gain: 10
— W ~—
NE "--—__________ Electrode Gain: 2
t & ‘ 7| Amplitude [mV]: 60
E ““M,_ DC Offset [mWV]: 0
§ @Q B ""---_________....- 7| Testchanner: 1
5 Frequency [Hz]: 100
2 ol T - ?
£ ¥ —— Time Sweep u
& _ ----“""---_______ |  interval: [ 5 | Min.
T Duration: Min.
I I I I I 1
4 o Smooth: Points
© : T T — Average: Tests
L — - set
& setl
E' P , — Test Results
o T
g oF o - Res. E1toE2: ohm
S pr " | Res. E2toE4: ohm
e ¥
=y L _| Res. EjtoE4: ohm
% ®
£ ® _— | Elapsed Time: 2
sF—— 1 62:02:45
e | | | Save To File:
Jg'a K

I I
P - w & &
Time [minutes] Measure 3

1. Time Sweep | Select values for time interval between tests, duration of testing, number of data points
that are smoothed over time, and number of tests that are averaged together at each time point. When
the Time Sweep box on the Frequency Sweep test page is selected, the Data Smoothing and Averaging
parameters will be fixed to 1 in favor of the similar Frequency Sweep parameters. If the user sets the
Interval parameter higher than Duration, one initial timepoint will be taken and then the test will cease.

2. Elapsed Timei Di spl ays el apsed time in a format of hours
indicator when the TEER measurement is being recorded and the plots are refreshing with new data.
When the Time Sweep box on the Frequency Sweep test page is selected, the timer will also show here.

3. Measure i For the Time Sweep test page, this button runs a sweep through a user-defined duration of
time, averages the appropriate number of tests per time point, and smooths the plot data over time.
This Measure button is also used to begin a Time Sweep test on the Frequency Sweep test page.

4. Impedance and Phase Angle Plots i Each data point represents the average value of impedance (top,
in units of ohm*cm?) and phase angle (bottom, in units of degrees) for that respective point in time.

5. Graphics i Toggle on or off the automatic refresh of visual data for the Time Sweep test page.
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Multiplex (if multiplexed TEER is purchased):

Quick Measurement  Frequency Sweep  Time Sweep Multiplex

5 Graphics
o - - - - T - S
& | Channel 1 RS CITa"rlB'? Parameters
- @h_ of ||| {1 Current Gain: 9.38
ol Iil I A Electrode Gain: 2.05
[#]
< @ | /! | || | | Ampiitude [mv:  60.1
£ & 'II|I| |I & | || OC Offset [mV]: 0
L] [} .
_E ST ll/"l".\/\ | Q_'J |/\/’\ | Frequency [Hz]: 100
N i | ¥ AN =
E ava Test Channels
pr— 3 e 1. . . .
of AN { RS 1~ = B m R~ R
P VAN o
>
'\Qh L L - @ i i i i i i i
4 o o» 0 & & AR & P \@. e e
& T T T T . p
Frequency [Hz] 4% | Channel 4 W Phase 2
" + WEED
Il —
— & h
i | I’ || Test Results
7 1 ]
E & ||’ |I Res. E1toE2 916  ohm
'; & ! I/"-\/‘ | Res. E2t0E4: 125  ohm
_E \/\ Res. E3to E4: 94 ohm
g & |
E \/\/\/\/\/ Elapsed Time:
Q' - 71 - .
R M 00:00:00
) \/ Save To File: [
N
<

e R e @ P P P @
Measure 3
Frequency [Hz]

1. TestChannelsi Select which cell culture module channels are active. Any unselected channels will have

their respectiveplotsigr ayed out 06 to i ndicat e t hdestdataseeapdve).t s

2. Options T Select whether the tests being conducted are a single-timepoint frequency sweep, single-
frequency time sweep, or a frequency sweep over a duration of time, as well as whether the plots will
display impedance data or phase angle data. The test parameters for frequency sweep and time sweep
must be defined in their respective test page; if the values input to either of these test pages is non-
numeric, the Set Plot Type buttons will indicate this with a red color until the values are fixed. The
impedance and phase angle plot types may be changed before, during or after testing (minding a potential
delay if the plot data is partway through a refresh). The Freq. Sweep, Time Sweep and F + T Sweep
buttons, however, are locked during a test and can only be changed when the test has concluded.

3. Measure i For the Multiplex test page, this button is used to begin all tests outlined in 2., using values
definedinthatt e st 6 s rparanetergpage, foeany cell culture module channels set as active.

4. Impedance and Phase Angle Plots i Each data point represents the averaged value of impedance (in
units of ohm*cm?) and phase angle (in units of degrees) for that respective point in along the x-axis
(frequency in Hz, or time in minutes, depending on the test that has been selected). The plot display can
be toggled between impedance data and phase angle data before, during or after testing.

5. Graphics i Toggle on or off the automatic refresh of visual data for the Multiplex test page.
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Navigating the Fluid Perfusion User Interface:
Upon starting the program, the user must select which COM Port the unit is connected to. If the program
is turned on before the cable is connected to the computer, or if the cable is disconnected and reconnected while

the program is open, the user must refresh the COM Port dropdown menu before the change will display.

Once the connection is established, the user can turn on / off any of the four pump heads by selecting its

corresponding Pump # button, setting the Speed and Beats-Per-Minute (BPM) and then clicking Send.

Note: Each pump head must be manually shut off within the User Interface before closing it!

Arduino Pump COM

Quad Pump Control

%lcome -
onnect
Pump 1 I Pump 2 I Pump 3 ' Pump 4 '
Speed BPM Speed BPM Speed BPIM Speed BPM
100- 150- 100- 150- 100- 150- 100- 150-
80- 80- 80- 80-
60— 100- 60~ 100- 60~ 'I'DCI—: 60~ 100-
40- - 40- - 40- - 40- -
20- 20- 20- = 20-
0- 0- 0- 0- 0- 0- 0- 0-
=ty 7 60 7% o137 3 o142 o2 60

Pump Murmber

Under the Advanced tab, the user has the option to alter the :TJ' !
speed alongside a function to delay the on and off cycles of each Speed Delay On Delay Off
individual pump head. In addition, there is an option to directly input ﬁ: R S
user commands to the Arduino microcontroller for debugging mode. 60— 4000~ 4000-
It is recommended that this feature is only used for those who have 40- zow—f zwo—f
prior experience with the Arduino programming environment, as EE: ) ol
improper commands to the microcontroller may disrupt operation of 5: S y' e 5} —

the pump heads or potentially damage the Fluid Perfusion Unit.

Send Command

EXIT
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Appendix | Technical Specifications

Cell Culture Module Specifications:
Fiber type
Trans-capillary pore size
Number of hollow fibers
Total lumen internal volume
Total lumen internal surface area
Volume of extra-luminal space (ECS)

Total hollow fiber area in ECS

TEER Design Specifications:
Electrode gain capabilities
Excitation voltage range
Frequency sweep range
Time sweep range

General
Cables, TEER Measurement Unit

Cables, Fluid Perfusion Unit

Power requirements

Footprint, TEER Measurement Unit
Footprint, Fluid Perfusion Unit
Footprint, System-mounting Tray
Full Incubator Footprint

Pump Specifications:

Hydrophobic capillaries
nominal 0.2 um

19 per module
0.0123in®*=0.202 cm?
2.09 in? =13.5 cm?
0.070in*=1.15cm?3
3.50 in? = 22.6 cm?

2x to 20x gain factor
+2 mV to +60 mV peak-to-peak
0.1 Hz to 1,000 Hz, 0.1 Hz resolution

Testing duration not constrained

1 USB A to USB Micro B cable, 3ft.

2 RJ-45 Cat. 6 connector cables, 6ft.

4 RJ-45 Cat. 6 electrode cables, 1ft.

1 USB 3.0 to 4-pin jack cable, 6ft.

1 AC power adapter cable, 6ft.

3.5 to0 5.5 Volts, 25 mA from USB port

Approx. 3x6x3in.=7.6 x 15.2 x 7.6 cm.
Approx. 6 x6 x5in. = 15.2 x 15.2 x 12.7 cm.
Approx. 6 x3x6in. =15.2 x 7.6 x 15.2 cm.
Approx. 12 in?to 16 in? = 30.5 cm? to 41 cm?

Peristaltic mode

Pulsatile mode

Min. Max Min. Max. BPM
mlfmin ml/min
Macro pump Flocel WPX1 0.1 20 0.1 12 0-150
Mini pump Flocel WPM 0.005 0.008 0.005 0.008 0-150
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Appendix Il T Theory of Operation

Concept of Complex Impedance:
Almost everyone knows about the concept of electrical resistance. It is the ability of a circuit element to

resist the flow of electrical current. Ohm's law defines resistance as the ratio between voltage E and current I.
R=-—
While this is a well-known relationship, its use is limited to only one circuit element -- the ideal resistor.
An ideal resistor has several simplifying properties:
- It follows Ohm's Law at all current and voltage levels.
- Its resistance value is independent of frequency.
- AC current and voltage signals through a resistor are in phase with each other.

The real world contains circuit elements that exhibit much more complex behavior. These elements force
us to abandon the simple concept of resistance. In its place we use impedance, which is a more general circuit
parameter. Like resistance, impedance is a measure of the ability of a circuit to resist the flow of electrical current.

Unlike resistance, however, impedance is not limited by the ideal resistor properties listed above.

Electrochemical impedance is usually measured by applying an AC potential to an electrochemical cell
and measuring the current through the cell. Suppose that we apply a sinusoidal excitation potential. The
response to this potential is an AC current signal of identical frequency which can be analyzed as a sinusoidal
function. In applications where electrochemical impedance is measured the excitation signal is normally small,
so the cell's response is pseudo-linear. In a linear (or pseudo-linear) system, the current response to a sinusoidal

potential will be a sinusoid at the same frequency but shifted in phase, as demonstrated below.

AN,
VAR

AN N
IR VERVA

E/

phoge—ghift
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The excitation signal, expressed as a function of time, has the form:
E()=Eocos (¥ t)

where E(t) is the potential at time t, Eo is the amplitude of the signal, and ¥ is the radial frequency. The

relationship between radial frequency ¥ (expressed in radians/second) and frequency f (expressed in hertz) is:
¥y = 2 7 f
In a linear system the response signal, I(t), is shifted in phase (i) and has different amplitude, lo:
I)=locos T(UYt

An expression analogous to Ohm's Law allows us to calculate the impedance of the system as:

7 = = = Zo

The impedance is therefore expressed in terms of a magnitude, Zo, and a phase shift, @.

Appendix Il T Sterilization of the DIV-BBB 2.0 System

The glass media bottles are the only items in the DIV-BBB 2.0 system that are autoclave-able (the silicone
tubing and reservoir caps can be autoclaved as well, but their lifespan of use will be shortened considerably); all
other components -including the reservoir caps, tubing and luer locks, 3-way stopcocks, cartridges and luer lock

caps, Fluid Perfusion Unit, TEER Measurement Unit, power supply, cables, and tray- must be gas sterilized.

Prior to beginning a routine ethylene oxide sterilization, products with a sterile claim needs to complete
a validation process to ensure the Sterility Assurance Level claimed is met. The universal standard that provides
guidance for completing such a validation is ANSI/AAMI/ISO 11135-1:2007, Sterilization of healthcare products
- Ethylene oxide - Part 1: Requirements for development, validation, and routine control of a sterilization process.

Sterilizing the Autoclave-able Parts:

1. To sterilize any autoclave-able parts, insert them into an autoclave-able pouch and seal the pouch.
2. Steam autoclave the parts at 249.8 °F (121°C) for 45 minutes.
3. After sterilization, immediately remove the autoclave bag and place it in a laminar flow hood to dry.

Note: If possible, use a sterilization protocol with a dry cycle. This will reduce the amount of liquid in the

autoclave bag and the possibility of the wet bag from tearing. Wet autoclave paper is not a sterile barrier.
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Gas Sterilization:
To sterilize the gas sterilized parts, the recommended medium is Ethylene Oxide, at a sterilization

temperature of 130 °F (54.4 °C). The following are recommended cycle times during the sterilization process:
- Pre-heat Time: 30 min
- Sterilization (by gas) Time: 1 hour and 45 min
Aerated Time: 12-18 hours

The DIV-BBB 2.0 is reusable. After an experiment has been completed, one should flush out all the old
cells by passing Tripson and PCB solution through the tubes, and gas sterilizing any recommended gas sterilized
parts. The in vitro cell culture modules, however, should be replaced after one use to keep test results as

accurate as possible. In extreme circumstances where a cartridge must be reused, gas sterilization is preferred.

Warning: Gas sterilization may not completely remove all cells and residue from a cell culture module!

Appendix IV T Preparing the In vitro Cell Culture Module

Cell Culture Guidelines:

Proper sterilization techniques will ensure a long and efficient life for your cell culture module, and will
minimize the risk of contamination. Use a needle to draw liquids into syringes. Droplets of media at the
syringe/side port junction may introduce contamination. Perform all operations in a laminar flow hood, and ensure
that the hood is clean before/during use. Avoid rapid movements and working directly over the samples. If it is

necessary to open the front of the hood, be sure to allow time for the air inside the hood to completely exchange.

The in vitro cell culture module contains a unique hollow fiber manufactured from a material that allows
the hydrophobic binding of proteins to the fiber matrix. It is necessary to wet out the fiber using 70% ethanol/water
to activate the fiber and allow proteins to attach. The recommended application for the cell culture module is the
culture of endothelial cells under conditions of chronic shear stress. They are designed to be coated with
appropriate matrix proteins such as fibronectin, collagen, gelatin or other proteins that facilitate the attachment
of endothelial cells when inoculated onto the inside wall of the fiber. A solution of 10% FBS in standard cell
culture medium can also be used. Endothelial cells attached in this manner can be subjected to various levels
of reproducible shear stress for long term culture, up to 28 days or more. When grown under these conditions,
endothelial cells behave very differently than when grown in static culture. Endothelial cells will lay flat, form a
monolayer and orient to the direction of medium flow, forming tight junctions. Culture of endothelial cells under
chronic shear stress is considered to be a more physiologic environment and closer to ideal in vivo conditions.
The cell culture module is setup as a co-cultivation system in which endothelial cells are loaded into the lumen

of the fiber and astroglial cells are placed outside of the fiber in the extracellular space (ECS).
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Setting up the In Vitro Cell Culture Module:

1.

© N o »

Prepare the following items in the laminar flow hood:

- 6 each - 5 or 10 ml syringes

- 10-20 ml 70% ethanol/water sterile filtered

- 10-20 ml sterile PBS

- 10 ml sterile water

Fill a syringe with alcohol solution and attach it to 3-way stopcock #1. Position the stopcock so that OFF
is facing away from (parallel to) the module.

Attach an empty syringe to 3-way stopcock #2. Position OFF so that it is facing away from (parallel to)
the module. Flow should travel from the module to the syringe.

Flush ethanol from syringe A to syringe D. The ethanol should be in contact with the fiber for at least one
mi nute. You wil/| be able to see the fiber fiwet
Drain any excess ethanol from the module using syringe D.

Fill a fresh 10 ml syringe with sterile distilled water. Attach to 3-way stopcock #1.

Empty syringe D of ethanol and re-attach.

Rinse with sterile water. The water should be in contact with the fiber for at least 60 seconds. Flush back

and forth between syringes A and D to remove ethanol. Remove excess sterile water using syringe D.

Pre-coating the Cell Culture Module:

1.

o g > w DN

10.

Fill a new syringe with protein matrix solution (5-10 ml of coating solution, Img/mL in sterile PBS. Solution
can be collagen, gelatin, serum or other appropriate matrix proteins) and attach to 3-way stopcock #1.
Attach a new, empty syringe to 3-way stopcock #2.

Attach new, empty syringes to side ports B and C.

Position 3-way stopcock #2 so that OFF is facing towards the module.

Flush protein solution from syringe A to syringe C through the fiber. Flush solution back into syringe A.
Position 3-way stopcock #2 so that OFF is facing away from (parallel to) the module. Flush protein
solution from syringe A to syringe D.

Position 3-way stopcock #1 so that OFF is facing towards the module. Flush protein solution from syringe
D to syringe B and back to syringe D.

Ensure that the module is filled with protein solution. Position the two 3-way stopcocks so that OFF is
facing towards the module.

Let protein solution coat the module for a minimum of 1 hour.

Position both 3-way stopcocks so that OFF is facing towards the module. Remove the syringes and

replace with sterile luer caps. Initiate pre-culture for 24 hours.
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Loading Endothelial Cells:

1.

10.

11.

12.

13.

14.

Prepare the following items in the laminar flow hood:

- Four 5 or 10 ml syringes

- Freshly harvested endothelial cells from 2 T75 flasks in a volume of 10 ml complete medium

- 18 gauge or larger needle

- 4 sterile male luer caps

Attach syringes to 3-way stopcock #1 and side ports B and C.

Using the large gauge needle, draw 10 ml of the endothelial cell suspension into the 4th (remaining)
syringe. Remove the needle and attach the syringe to 3-way stopcock #2.

3-way stopcocks #1 and #2 should have the OFF position facing away from (parallel to) the module.
Gently flush the cell suspension between syringe A and D through the inside of the module, 3 to 4 times.
Leave half of the cell suspension in each of the syringes when finished.

Turn 3-way stopcock #2 so that the OFF position is turned towards the module.

Slowly transfer medium and cells from syringe A to syringe C. Excess medium will flow through the walls
of the fibers and the endothelial cells will be trapped in the lumen of the fibers.

Turn 3-way stopcock #1 so that the OFF position is turned towards the module.

Turn 3-way stopcock #2 so that the OFF position is turned away from (parallel to) the module.

Slowly transfer medium and cells from syringe D to syringe B. Excess medium will flow through the walls
of the fibers and the endothelial cells will be trapped in the lumen of the fibers.

Turn both 3-way stopcock #1 and #2 so that the OFF position is facing towards the module (3-way
stopcock #1 should already be in this position).

Place the endothelial in vitro cell culture module into the incubator for 4 hours WITHOUT flow to allow
the endothelial cells to attach to the fiber; after the first two hours, rotate the module 180 degrees.

After the 4-hour attachment period in the incubator, return the module to the hood. Remove the syringes
and replace with sterile luer caps. Turn the 3-way stopcocks so that the OFF position is facing towards
the position where the syringes were attached, and will allow medium to flow through the module.
Connect the module to the Fluid Perfusion Unit and initiate flow at the lowest rate (Flow rate of 1 ml/min)
for approximately 24 hours. This level of medium flow is sufficient to provide oxygen and nutrients to the
endothelial cells without generating a level of shear stress that will remove the cells from the fiber. After
24 hours, change the medium in the reservoir bottle. Retain the initial medium and count the cells that
did not attach to the fiber. This will provide a direct indicator of the number of cells that attached to the
fiber. Typically, 20-40% of the cells loaded will not adhere. If desired, the endothelial cell inoculation can

be divided into two equal portions and the loading steps can be repeated.
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Daily Maintenance Schedule:
Day 1: Start the newly inoculated module with 25 ml of medium in the reservoir bottle. This will allow the
accumulation of cytokines during the first few days of culture. Set the flow rate on the Fluid Perfusion User

Interface software to 1 ml/min at any beats per minute (bpm) of your choosing.
Day 2: Adapt the cells to an augmented level of shear stress by increasing flow rate to 2 ml/min.
Day 3 and on: Further shear stress may be introduced by increasing flow rate by a max of 2 ml/min per day.

Continue this process every day until the desired flow rate is achieved. Check the media reservoir bottle
for endothelial cells that have washed from the module. This will give an indication of the cells remaining in the

module. Change the cell culture medium when the glucose has been depleted by 50%.
Expected Impedances:
Within the first 2 weeks of cell culture the impedance should rise gradually, as in figure below.
1400,
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After such time, the impedance should level off to approximately 1500 ohms*cm?, as a monolayer of
endothelial cells beginst o f or m. Remember, t his is a g¢eampedaned falle x p e

within this range of about 1500 ohms*cm? it is adequate. In the first few days before the impedance levels off, a

reasonable impedance would be from 300-500 ohms*cm?2,

NOTE: PLEASE REMEMBER THAT THIS IS TRUE ONLY WITH THE BASELINE IMPEDANCE REMOVED.
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Flow Rate and Shear Stress:

The formula to calculate shear stress at the luminal side of the fiber is expressed as:
T = (4%Q/ R

where:

T = shear stress (dynes/cm?)

d = viscosity (dyne sec/cm?)

Q = fluid flow rate (ml/sec/fiber)

R = internal radius

Viscosity of cell culture medium with 10% FBS is approximately 0.008 dyne sec/cm,

- Fluid flow rate must be converted from ml/min to ml/sec,

- There are 19 fibers in the module, so the fluid flow rate must be divided by 19,

- Fiber internal radiusi s 3 00 & m ,6dR3 HBO00O21A,)

- 1 mi/min flow rate per fiber = 0.0167 ml/min,

Shear stress at 20 ml/min = 3.95 dynes/cm
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Appendix V1 Frequently Asked Questions

1.
2.
3.

10.

How many EC and astrocytes would you suggest for the seeding? Approximately 1.5 x 10° cells.
How many days after the EC culture starts would you seed the astrocytes? 2 days (48 hours).
Once the astrocytes are seeded, when should we expect an increase in the TEER? The TEER will
increase substantially during the first 5-7 days (this depends on which kinds of EC and astrocytes you
are using, however). It will take approximately 2 weeks for the readings to reach steady- state.

Would you recommend using the same media for cultures in Petri dishes and the in vitro cell
culture modules? The growth media between these procedures are the same.

How often would you suggest changing the media? It depends on the cells you are using (primary
cultures vs. cell lines). For primary cultures, once every 2 weeks as they have a reduced mitotic index.
Should we use the same volume of media as with the old Cellco system? Use half the media volume.
How often should we check the concentration of glucose and lactic acid in the circulating media?
It is recommended that these values are observed every 2 days during BBB development, then once a
week. The metabolic index is an important parameter to assess cell growth and viability alongside TEER.
How many days can you keep the module operational? A DIV-BBB remains viable for many weeks,
unless contamination occurs. The Fluid Perfusion Unit and TEER Measurement Unit are both
programmed to operate for indefinite periods of time, to accommodate long-term experiments.

Can a cell culture module be re-used if the TEER remains unchanged after an experiment? If the
TEER remains unchanged, the module can be reused again; otherwise, you can let the system recover
while keeping it under monitoring to see if it returns to normal, then use it again for the next experiment.
Do you have to subtract the fibaselined measur e
four-point measurement technique already correct for the lead/media impedance? You have to

subtract t he @bas eingasueng thenemptysmoduke before seeding the cells.

Cell Extravasation Testing:

1.

Will you need a full BBB, or just permeability across a polypropylene tube under dynamic flow?
If one uses only the hollow fiber without cells, the experiment is similar to an empty Transwell but with
flow present and a static extra-capillary space. If an established BBB is used, one mimics a realistic
replica of the venous compartment in vivo; this is important for testing purposes.

If you need a BBB established before leukocytes are injected, do you need both glia and
endothelial cells or just endothelial cells? Both glia and endothelial cells are needed.

What do I need for a human experiment? A typical human study requires blood collection and volunteer
consent, questionnaire, Ficoll gradient, and counts and separation.

Which is better to use, monocytes or neutrophils? This depends on your experimental design.

How about freshly isolated leukocytes vs. cell line? Freshly isolated is better, but THPs can be used.

Flocel Inc. and DIV-BBB are trademarks of Flocel Inc., Cleveland, OH. 29
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Appendix VIT Examples of Save File Structure

Excel Spreadsheet (.xlIs) File Structure:

A B C o E F G H
1 Time of Test: 1/17/2018 17:21 Resistances [ohm]:
2 Test Channel: 2 Electrode 1 to 2: 1014.504067
3 Current Gain: 9.984375 Electrode 2 to 4: 218.5654928
4 Electrode Gain: 2.046316964 Electrode 3 to 4: 78.66551452
5 Amplitude [mV]: 298828125 Impedance [ohm*cm”2]: 311.7350745
B Frequency [Hz]: 100 Phase Angle [degree]: -B8.277490989
7 DC Offset [mV]: 0
8
9 Time [ms]: Electrode 1, Raw [mV]: Electrode 1, Fit [mV]:  Electrode 2, Raw [mV]:  Electrode 2, Fit [mV]: Electrode 3, Raw [mV]: Electrode 3, Fit [mV]:  Electrode 4, Raw [mV]: Electrode 4, Fit [mV]:
10 0 20.80078125 0 20.80078125 1.448577733 14 6484375 -1.243399287 11.1328125 -0.082673391
11 0.057 16.50390625 1.270414645 15.4296875 1.731798246 44 7265625 -0.275126409 5.76171875 -0.006420403
12 0.082 11.1328125 1.827196167 B.984375 1.85485574 59.765625 0.149739346 1.45484375 0.026931585
13 0.107 7.91015625 2.383526856 4.6875 1.977543565 50.09765625 0.574568154 -3.90625 0.060346927
14 0.133 B.984375 2.961484577 3.61328125 2.104575122 42578125 1.016238248 -1.7578125 0.095082972
15 0.158 18.65234375 3.516470487 10.05859375 2.226191601 18.9453125 1.440666698 2.5390625 0.128459197
16 0.183 30.46875 4.07058836 19.7265625 2.3472588 25.390625 1.864735686 13.28125 0.161803727
17 0.209 34765625 4645803556 25.09765625 2.472553903 17.87109375 2.305286044 16.50390625 0.1964359572
18 0.234 29.39453125 5.197727816 24.0234375 2.5924081 24.31640625 2.728309561 14.35546875 0.229693943
19 0.259 19.7265625 5.748369574 18.65234375 2.71162266 37.20703125 3.150659909 6.8359375 0.26289164
20 0.284 13.28125 6.297593008 12.20703125 2.830168167 450234375 3.572232879 0.390625 0.256024473
2l 0.309 13.28125 6.845262605 7.91015625 2.948015373 47.94921875 3.952524453 -1.7578125 0.329084266
22 0.335 17.578125 7.413045423 5.76171875 3.065804454 47.94921875 4429397131 0.390625 0.363380203
23 0.36 27.24609375 7.957126633 11.1328125 3.186137155 42578125 484796506 7.91015625 0.396265723
24 0.385 25.09765625 B.45524454 18.65234375 3.301683724 61.9140625 5.265344826 15.4296875 0.429053471
25 0411 2724608375 9.060820715 21.875 3420887584 4365234375 5.698036036 19.7265625 0.463040316
26 0.436 21.875 9.598519281 21.875 3.534842259 23.2421875 6.112652648 16.50390625 0.495603551
27 0.461 24.0234375 10.13384556 15.4296875 3.647824765 14 6484375 6.525761054 12.20703125 0.528044503
28 0.487 19.7265625 10.68793878 10.05859375 3.76437141 39.35546875 6.953684329 46875 0.561644772
29 0.512 16.50390625 11.21802884 3.61328125 3.875488488 68.359375 7.363400365 1.46484375 0.593811482
30 0.537 18.65234375 11.74535102 1.46484375 3.985645348 76.953125 7.771299591 0.390625 0.625831678
3 0.563 25.09765625 12.29069006 5.76171875 409917307 62.98828125 B8.193479335 7.91015625 0.658968767
32 0.588 32.6171875 12 81196309 12.20703125 4207299223 59.765625 B.597360706 13.28125 0.690665617
33 0.613 55.83984375 13.33007495 19.7265625 4314387288 58.765625 B.999120806 19.7265625 0.722192056
34 0.638 33.69140625 13.84485782 20.80078125 4420410842 72.65625 9.398660509 16.50390625 0.753540305
35 0.663 26.171875 14.35630467 17.578125 4525343726 62.98828125 9.795881233 14.35546875 0.784702629
36 0.689 20.80078125 14 BB440845 12.20703125 4633285114 B9.84375 10.20642547 7.91015625 0.816905952
37 0.714 13.28125 15.38845629 5.76171875 4735917046 B83.3984375 10.59861221 1.46484375 0.8476652
38 0.739 15.4296875 15.88870726 2.5390625 483737646 05.21484375 10.9881839 -1.7578125 0.878215298
39 0.765 25.09765625 16.40480788 5.76171875 4841627783 B7.6953125 11.39046111 1.46484375 0.909757434
40 0.79 37.98828125 16.89693154 15.4296875 5.040626116 73.73046875 1177440077 11.1328125 0.939857553
4 0.815 45.5078125 17.38488614 24.0234375 5.13838075 B80.17578125 12.15543527 19.7265625 0.969725777
42 0.841 42 28515625 17 88780696 26.171875 5.238700329 72.65625 12.54852832 19.7265625 1.000534813
43 0.866 35.83984375 18.36688448 2294921875 5.333843364 105.9570313 12.92334558 14.35546875 1.029907182
44 0.891 30.46875 18.84143025 16.50390625 5.427670352 108.1054688 13.28457419 4.6875 1.059025436
45 0.916 25.09765625 19.31132717 B.984375 5.520158145 101.6601563 13.66332248 -1.7578125 1.087882391
46 0.941 25.09765625 19.77645932 3.61328125 5.61128392 05.21484375 14.02825954 -6.0546875 1.116470928
47 0.967 28.3203125 20.25501891 5.76171875 5.704585735 107.03125 14.4042027 -2.83203125 1.145910686
43 0.992 36.9140625 20.71007634 12.20703125 5.792863646 113.4765625 1476202415 4.6875 1.173929849
45 1.018 42 28515625 21.1779139 21.875 5.883156165 109.1796875 15.13029347 13.28125 1.202762422
50 1.044 42 28515625 21 64009975 2294921875 5.971878657 B5.546875 1548452455 17.578125 1.231274015
51 1.07 35.83984375 22.09651055 19.7265625 6.055007445 B1.25 15.85462151 15.4296875 1.2558457021
52 1.095 30.46875 22.52980753 12.20703125 6.141260537 B86.62109375 16.1968792 10.05859375 1.286239188
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Notepad Text Editor (.csv) File Structure:
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