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(57) ABSTRACT

Transfecting biology cells with nucleic acid molecules
(DNA, siRNA) is an essential prerequisite in elucidating how
genes function in complex cellular context and how their
activities could be modulated for therapeutic intervention.
Traditionally studies are carried out on a low throughput
gene-by-gene scale, which has created a huge bottleneck in
functional genomic study and drug discovery. Development
of high-throughput cell transfection technology will permit
functional analysis of massive number of genes and how their
activities could be modulated by chemical or biological enti-
ties inside cells. This invention describes design, construction
of device and apparatus for high throughput effective cell
transfection. Procedures and protocols for using the device
and apparatus are also described in the application. Novel
methods of using the device in cell-based assays are also
disclosed.




Patent Application Publication ~ Nov. 4,2010 Sheet 1 of 15 US 2010/0279320 A1

Fig. 2



4,2010 Sheet 2 of 15 US 2010/0279320 A1

Patent Application Publication = Now

Fig. 3



Patent Application Publication  Nov. 4,2010 Sheet 3 of 15 US 2010/0279320 A1

NeJ

Fig. 4b

Fig. 4a




Patent Application Publication ~ Nov. 4,2010 Sheet 4 of 15 US 2010/0279320 A1

Fig. 5



Patent Application Publication ~ Nov. 4,2010 Sheet 5 of 15 US 2010/0279320 A1

O

Fig. 6¢

Fig. 6a




Patent Application Publication ~ Nov. 4,2010 Sheet 6 of 15 US 2010/0279320 A1

5

o]

o

L

(o

Nz

o

= 3}

) >

o 20

=
Y
N =
2\ g0
2\ 3
N\
i

=
=B
S £
{O
z &
-

Fig. 7a




Patent Application Publication ~ Nov. 4,2010 Sheet 7 of 15 US 2010/0279320 A1

>

Fig. 8b

Fig. 8a

Dip-retract



Patent Application Publication  Nov. 4,2010 Sheet 8 of 15 US 2010/0279320 A1

ll i lq % I! ll l! i§?
me ll u g u u u .gé
ll ll l % L, Il I; -§s
L II l § 0y Il !l _§s
il u u % u Il u %
N II n 00 08 09 00 0
I8 00 00 00 00 08 n .ss
e u g u m
i ll [ g u u ; g
I, H l sl l

Figure 9

RowB -
RowC ...
RowD .
Row E
Row F
Row G
Row H

<
____________ N
[}

x



Patent Application Publication ~ Nov. 4,2010 Sheet 9 of 15 US 2010/0279320 A1

O

Low pulse

I I

@

Fig. 10



Patent Application Publication ~ Nov. 4,2010 Sheet 100f15  US 2010/0279320 A1

2
Fig. 11a
1
| Fig. 11b
5
N Fig. 11c




Patent Application Publication

Nov.4,2010 Sheet 11 of 15

Signal

D/A
converter

condition-
ing circuit

VO

controller

A/D
converter

Output
Multiplexer

Signal
condition-

Input
Multiplexer

ing circuit

"

US 2010/0279320 A1
o
F
o
\N E



US 2010/0279320 A1

Nov.4,2010 Sheet 12 of 15

Patent Application Publication

SN3|oNN

wsejdojAn

qeT oIy

rodu
jespnuyNg

SNaPNN

eey dansig

uoduwy
JB3I2NU YN



Patent Application Publication ~ Nov. 4,2010 Sheet 130f15  US 2010/0279320 A1

Cell culture g

Medium

p e s 3 TR |7lmmmmm PEB {’hng p]. ates
Hydrophobic.~ ‘
dip-retract I surfaces \ Ta SR

mmmmmmmm

Cell culture
Medium reservoir

Fig. 14



Patent Application Publication ~ Nov. 4,2010 Sheet 14 0f15  US 2010/0279320 A1

dip-retract

Cell culture
plate

Fig 15a

Fig. 15b



Patent Application Publication ~ Nov. 4,2010 Sheet 150f15  US 2010/0279320 A1

Cell culture
plate ———»

Flexible plates

Fig 16a

Preserved
surfaces

Fig. 16b



US 2010/0279320 A1

HIGH-THROUGHPUT CELL
TRANSFECTION DEVICE AND METHODS
OF USING THEREOF

CROSS-REFERENCE

[0001] Not Applicable.
FIELD OF THE INVENTION
[0002] This invention relates to the biotechnology field in

general and with specific reference to effective transfection of
biological cells in a high throughput fashion, and its applica-
tions in drug discovery and development.

BACKGROUND OF THE INVENTION

[0003] Being able to effectively introduce foreign mol-
ecules, such as DNA, siRNA, protein, etc., into biological
cells is of great importance in biology and biotechnology.
Particularly effective transfection of biological cells with
nucleic acid molecules is an essential prerequisite in eluci-
dating how genes function in complex cellular context and
how their activities could be modulated for therapeutic inter-
vention. Cell transfection is routinely used in fundamental
biology research and pharmaceutical development. Tradi-
tionally studies are normally carried out on a low throughput
gene-by-gene scale, which has created a huge bottleneck in
functional genomic study and drug discovery. Development
of high-throughput cell transfection technology will permit
functional analysis of massive number of genes and how their
activities could be modulated by chemical or biological enti-
ties. Development of high-throughput cell transfection meth-
ods will significantly accelerate biology research and facili-
tatetranslation of genomic knowledge into therapeutic means
in fighting various diseases.

[0004] Several methods are currently available for cell
transfection, such as viral transduction, lipofection, elec-
troporation, etc. Recombinant vectors derived from viruses
are very effective in transfecting engineered cell lines and
primary cells. However, use of viral vectors often results in
undesirable alteration of cellular functions, in addition vector
preparation is time-consuming and laborious, thus its appli-
cation in high-throughput transfection is limited. Lipid based
transfection methods are routinely used in high-throughput
transfection applications, and a recent invention based on
lipid transfection claims ultra-high-throughput capability
[U.S. Pat. No. 6,544,790]. Nevertheless, all lipofection meth-
ods lack of ability of transfection non-dividing cells, particu-
larly primary cells directly derived from animal tissue.
[0005] Electroporation is a process associated with tran-
sient permeabilization of cell membranes under electrical
fields. It has been shown to be capable of delivering various
substances (genes, siRNAs, antibodies, proteins and nanopar-
ticles) into virtually any type of cells (engineered cell lines
and primary cells). On the other hand, electroporation is often
known for low efficiency, poor inconsistency, and extensive
cell damage. This is largely due to the trial-and-error
approach adopted by conventional electroporation systems,
which apply hundreds to thousands of volts to cells suspended
in solution, inevitably kill large portion of cells due to a
process called irreversible electroporation.

[0006] Several novel methods and devices have been
invented recently to address issues of low transfection effi-
ciency and poor cell motility associated with electroporation
[U.S. Pat. No. 6,300,108, U.S. Pat. No. 6,403,348, US2005/
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0170510]]. The related arts employ feed-back mechanisms to
monitor electroporation in cells so to achieve high degree of
transfection efficiency and high cell motility. The new meth-
ods and devices have been proven to be very useful in trans-
fection of cells with a variety of foreign molecules. However,
the design of the devices limit their capability of processing
cells in high-throughput fashion, which is particularly
required by cell-based assays for functional genomics study
and drug discovery. Secondly, in the case of transfecting cells
with DNA molecules, the related arts do not address effective
delivery of DNA molecules into cell nuclei, which is required
for cells to express proteins encoded by the DNA molecules.
These and other needs are addressed by the transfection
devices of the present invention. In addition, novel use of the
disclosed transfection devices and methods in cell-based
assays employing transient transfection is also presented in
this invention.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention includes a high-throughput
cell transfection device, methods for making and using the
cell transfection device. The cell transfection device has two
chambers separated by a thin porous membrane where cells
can attach. Proper differential electric potential is generated
across the cells residing on the porous membrane to elec-
troporate the cells, thus permitting effective delivery of for-
eign molecules into the cells. The porous membrane can be
treated to allow selective transfection of cells at particular
location, leaving the rest of cells unaffected. A novel
approach is also presented that permits realization of high-
density electrical connections through convex liquid droplets,
as well as means to form liquid droplets at selected locations.
Methods for introducing foreign molecules to the cells in a
high-throughput fashion are also presented. With the ability
of transfecting cells in a high-throughput mode, we further
describe methods that employ transfection of cells for profil-
ing transcription factor activities in cells, and profiling influ-
ence of transporter proteins on transportation of molecules in
and out of cells, and further their applications in drug discov-

ery.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Theinvention is best understood from the following
detailed description when read in conjunction with the
accompanying drawings. It is emphasized that, according to
common practice, the various features of the drawings are not
to-scale. On the contrary, the dimensions of the various fea-
tures are arbitrarily expanded or reduced for clarity. Included
in the drawings are the following figures:

[0009] FIG. 1 is a schematic cross-section view of a tradi-
tional cell culture insert for growing cells on a porous mem-
brane.

[0010] FIG. 2 is a schematic cross-section view of a novel
cell culture device for growing cells on a porous membrane.
[0011] FIG. 3 shows a typical method of constructing the
cell culture device of FIG. 2.

[0012] FIG. 4 is two schematic illustrations of a high-
throughput cell transfection device containing an array of cell
transfection units, and cross-section view of a typical cell
transfection unit

[0013] FIG. 5 is a schematic view of a plate containing an
array of electrode pads.
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[0014] FIG. 6 is three schematic illustrations of establish-
ing electrical connections via electrical conductive liquid
droplets.

[0015] FIG. 7 is three schematic illustrations of a method
for parallel loading of foreign molecules to a cell transfection
device by pre-depositing the molecules on electrode pads.
[0016] FIG. 8 is two schematic illustrations of parallel
reagent dispensing through probe electrodes.

[0017] FIG. 9 is a schematic illustration of a means to
connect electrodes by row and column.

[0018] FIG. 10 is a schematic illustration of the method for
measuring cell confluency

[0019] FIG. 11 is three schematic illustrations of effect of
ununiformity in cell attachment on electrical currents flowing
through a porous membrane with cells, and a design to over-
come the effect.

[0020] FIG. 12 is a schematic diagram of a typical cell
transfection apparatus

[0021] FIG. 13 is a schematic demonstration of two meth-
ods for improving delivery of DNA molecules into cell
nuclei.

[0022] FIG. 14 1s a schematic illustration of using auxiliary
medium feeding plates to add more culture media to cells
grown in the cell culture device in FIG. 2

[0023] FIG. 15 is two schematic illustrations of a method
for parallel cell plating

[0024] FIG. 16 is two schematic illustrations of using flex-
ible auxiliary medium feeding plate to add more culture
media

[0025] FIG. 17 is an image of MDCK cells stained by
YOYO-1 fluorescent dye

[0026] FIG.18istwoimages showing effective DNA trans-
fection in two primary cell lines

[0027] FIG. 19 is a image of PrEC cells transfected with
labeled siRNA
[0028] FIG. 20 is two images showing effective knock-

down of GFP in PrEC cells by effective siRNA transfection
[0029] FIG. 21 is two images showing selective electropo-
ration and transfection in MDCK and PrEC cells

DETAILED DESCRIPTION OF THE INVENTION

[0030] Before the present methods, treatments and devices
are described, it is to be understood that this invention is not
limited to particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology
used herein is for the purpose of describing particular
embodiments only, and is not intended to be limiting, since
the scope of the present invention will be limited only by the
appended claims.

[0031] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials simi-
lar or equivalent to those described herein can be used in the
practice or testing of the present invention, the preferred
methods and materials are now described. All publications
mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in con-
nection with which the publications are cited.

[0032] It must be noted that as used herein and in the
appended claims, the singular forms “a”, “an”, and “the”
include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a compound”
includes a plurality of such compounds and reference to “the
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sample” includes reference to one or more samples and
equivalents thereof known to those skilled in the art, and so
forth.

Cell Transfection Device and Apparatus
Cell Culture Device Design and Construction

[0033] Thecell transfection device described in the present
invention is intended to transfect cells attached to a porous
membrane, in a high-throughput fashion. To culture cells ona
porous membrane, it requires feeding cells from both side of
the porous membrane. Traditional ways to culture cells on a
porous membrane involves use of cell culture insert (1) and a
separate companion well (2), as depicted in FIG. 1. Cells (3)
are introduced to the insert that has a porous membrane (4)
where cells can attach. The drawback of this design is that it
is difficult and costly to construct high-throughput device
which normally contains more than 96 individual units on the
industrial standard 5"x3.3" microtiter plate format. In the
present invention, a cell culture device is depicted in FIG. 2.
Unlike the conventional cell culture inserts, the described cell
culture device has a first chamber (1), and a second chamber
(2), and a porous membrane (3) separating the two chambers.
Cells (4) can be introduced to any one of, or both chambers,
and attach to either side, or both sides, of the porous mem-
brane. It should be noted the simple geometry of the openings
shown in FIG. 2 is for illustration, actual device can have
more complex openings to serve specific purposes.

[0034] Because of the simplicity of the device, it is straight
forward to multiply such devices in an array format for high-
throughput applications. FIG. 3 illustrates a type construction
process, a 24x16 array of openings in 384-well microplate
footprintis presented for illustration purpose. A porous mem-
brane (1) is first attached, using thermal welding or gluing, to
a first rigid support plate (2) with an array of openings. The
porous membrane is made of dielectric materials, including
but not limited to, polycarbonate, PET, etc., with a film thick-
ness from lum to 1 mm. The support plate is made of rigid and
dielectric materials including but not limited to, plastic, glass,
quartz etc., and is from 0.5 mm to 10 mm in thickness. The
characteristic dimension of the openings of the support plate
is between 0.1 mm to 10mm. Then a second plate (3) with the
same number of openings that are individually aligned with
the openings of the first plate, is attached to the other side of
the porous membrane, thus producing a cell culture plate with
an array of cell culture devices depicted in FIG. 2. The second
plate is also made of dielectric materials. It should be noted
that the second plate can be substituted with a thin dielectric
film with openings, or dielectric adhesive paste applied to the
specific area of the porous membrane to expose specific area
of the porous membrane under the openings of the first sup-
port plate.

Cell Transfection Device Design

[0035] The described cell transfection device employs
electroporation to permeabilize cells so that nucleic acid mol-
ecules (DNA, siRNA) or other membrane-impermeable mac-
romolecules present in the cell media can enter the cells. FIG.
4.a illustrates a typical cell transfection device, which con-
sists of three components, one cell culture plate (1) as previ-
ously described, two electrode-containing plates (2, 3) placed
on each side of the cell culture plate, which are used to
generate adequate electrical potentials across the cells resid-
ing on porous membrane to induce electroporation. The elec-
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trode-containing plates have electrical connections (4)
through which the electrodes can be accessed by outside
electronics. Typically a transfection device contains an array
of individual units (FIG. 4b) (a 24x16 array of transfection
units are shown in FIG. 4a), cells residing in each units can be
transfected separately.

[0036] In a typical process, cells (5) are first grown on the
porous membrane (6) inside each cell culture unit (7), as
shown in FIG. 4b, followed by introducing foreign substances
(8), such as DNA, siRNA, protein, etc., to one of the two
chambers (9,10) that are filled with electrical conductive
media. Proper differential electrical potential is created
between the two electrodes (11,12) to electroporate the cells
without inducing cell damage due to irreversible membrane
breakdown. Foreign substances then can enter the electropo-
rated cells either by passive diffusion, or electrophoresis in
the case of molecules with net charges, or both.

Electroporation Electrode Design

[0037] The electrode plate contains an array of electrodes
used to apply electrical field to individual cell culture units.
FIG. 4b shows use of probe electrodes (11,12) that have
smaller size than the openings of the chambers (9,10) of the
cell culture unit. The probe electrodes can be positioned close
to cells so that low voltage (0.5V to 10V) can be applied to
electroporate the cells. The drawback of using probe elec-
trodes is that since the size of the electrodes are smaller than
the size of the porous membrane, only the cells directly under-
neath the electrodes are electroporated. In addition, construc-
tion of a high-density probe electrode array can be expensive.
[0038] FIG. 5illustrates a electrode plate (1) containing an
array of pad electrodes (2) that can be made at high density
using techniques such as print circuit board techniques, at
relatively low cost. The surfaces of the electrodes are ren-
dered to be hydrophilic, and their surrounding areas (3) are
rendered to be hydrophobic, for the purpose to be discussed
below. The electrode pads are made of electrical conductive
materials, including but not limited to, thin film metal, con-
ductive composite materials, conductive gel or paste, or a
combination to meet specific needs.

Establish Electrical Contact via Liquid Droplets

[0039] In constructing high-throughput electroporation
mediated cell transfection device, one ofthe major challenges
is to implement high-density transfection units at reasonable
cost without electrical cross talking and biochemical con-
tamination among individual units. A method is hereby
described to overcome this challenge by using a unique
“aqueous contact” approach.

[0040] FIG. 6 illustrates the method for establishing elec-
trical connections through convex droplets of electrical con-
ductive media. Similarly as to the electrode plate, the cell
culture plate is also treated to render surfaces (1) of inner
walls of the cell culture chambers hydrophilic, and the rest of
the surfaces (2) hydrophobic. With such treatment, when
adequate amount of conductive liquid is added into the cham-
bers of each cell culture unit (FIG. 6a), convex aqueous
droplets (3) can be formed due to surface tension force. Fur-
thermore, the droplets are confined to the openings of each
individual unit because of the hydrophobic coating around the
openings that prevent the droplets from spreading, thus elimi-
nating cross-contamination among individual units. Using
the same approach, aqueous droplets (3) are also formed atop
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of each electrode pad that has a hydrophilic surface (4), simi-
larly, hydrophobic coating (5) around electrode pads is used
to confine movement of droplets as previously discussed.
After forming aqueous droplets (FIG. 6b), the electrode
plates and the cell culture plates are brought close to let the
droplets in contact and form stable aqueous plugs (6), which
again are retained and contained due to surface tension force
(FIG. 6¢). Because both cell growth and electroporation
media are electrically conductive, the confined aqueous plugs
form electrical connections between each pair of correspond-
ing electrodes without electrical cross talking and biochemi-
cal contamination. Using this approach, it is feasible to build
high-density electroporation array, for example to comfort to
384-well or 1536-well industry standard high-throughput
footprints.

Introduction of Nucleic Acid Molecules

[0041] In electroporation mediated cell transfection,
nucleic acid molecules are usually mixed in electroporation
solution and then added to cell media by manually pipetting
or through use of automated liquid dispensing apparatus. This
traditional approach adds additional time for sample prepa-
ration and liquid handling, which could be significant in
high-throughput scenario.

[0042] To circumvent this step, nucleic acid molecules can
be introduced to cell transfection device before cells are
plated. In the case that pad electrodes are used, DNA or RNA
molecules can be pre-deposited to each individual electrode
(1) on one of the electrode-array plates (2) (FIG. 7a), then let
the solution dry to leave the nucleic acid molecules (3) on the
electrode (FIG. 7b). This step can be realized using commer-
cially available microarray spotters that are capable of depos-
iting different or the same DNA and RNA molecules in high-
density and high-throughput. The nucleic acid molecule
coated plate can be stored for extended period of time for later
use. When cells are ready for transfection, electroporation
media will be added to each electrodes as previously
described, then the nucleic acid molecules attached to the
electrode surface are released into the droplet (4) and brought
to in contact with cells when aqueous contacts are formed
(FIG. 7¢). This approach also provides flexibility on where to
load transfection reagents to the cells grown on one side of
porous membrane, whether from the apical side (the side of
cells in full contact with media) or the basal side (the side of
cells in contact with porous membrane surface), by simply
flipping the position (top or bottom) of the electrode-array
plate that has DNA/RNA on it. This can be very useful when
transfecting certain types of polarizable cells, which when
form a polarized monolayer, exhibit different DNA/RNA
uptake behaviors between the basal and apical sides of the
monolayer. This method can also be used to introduce other
molecules such as protein, peptide, etc.

[0043] In the case that probe electrodes are used, the elec-
trode probes can also be used to load transfection reagents
such as nucleic acid molecules, as shown in FIG. 8. To
achieve this purpose, one can treat the surface of the electrode
probes (1) such that liquid droplets (2) can be formed at the
tips of the probe electrodes due to surface tension force.
Alternatively, one can cut a groove (3) near the tip of a probe
electrode, and the groove can serve as a reservoir for solutions
containing foreign substances such as nucleic acid molecules
(4). To load foreign molecules to the probe electrodes, the
probes (1) are firstly immersed in wells (5) that contain the
same or different DNA solutions. After retracting the probes,
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small amount of reagent solution will remain on each probe,
which can then be introduced to cells when the probes are
immersed in cell culture devices (6). To speed up mixing of
reagent in the cell culture/transfection media inside cell cul-
ture devices, small displacement vibration can be applied to
the probes or the plate (7) that hold the probes. This vibration
can also be applied during electroporation to reduce the pos-
sibility of aggregation of electrochemical products (such as
gases) on the surface of the electrodes, which could deterio-
rate the surface electrochemical properties of the electrodes.

Electrode Connection and Application of Electrical
Pulses

[0044] Inthe case that acell transfection device contains an
array of individual cell transfection units, it is required to be
able to electrically activate every pair of electrodes that
causes electroporation of the cells in the corresponding unit,
in order to optimize electroporation for cells in that unit. Our
device is designed to meet this requirement with minimal
requirements of wiring, which could be difficult and costly to
implement in high-throughput devices. To achieve this, the
electrodes on the two electrode-array plates are connected by
row and column respectively. FIG. 9 illustrates electrical
connections fora 96-unit in 8(row)x12(column) format. Dur-
ing electroporation process, only one row (i) of electrodes on
one electrode plate is activated, similarly, only one column (j)
of electrodes on the other electrode plate is simultaneously
activated, which result in only activating the transfection unit
that is in both row i and column j (Unit,). By repeatedly
activating the rest row and column of electrodes on the two
plates, the entire array of units can be individually activated.
Using this configuration, only 20 connections (8 rows and 12
columns) are required to be able to address every unit. For
384-well plate format that has 16 rows and 24 columns of
units, only 40 connections are needed in order to activate
electroporation on each individual unit, comparing to 798 (2
times of 384) wires if each electrodes are individually wired
and connected to outside electronics.

Electroporation Optimization

[0045] Successful electroporation depends on many
parameters. In the case of using the device disclosed in the
present invention, the two most influential parameters are cell
type and confluent state of cell monolayer. When cells are the
same, the higher confluency of the cells (means more areas of
the substrate cells grow on are covered by cells), the less
intense electrical pulses are needed to electroporate the cells.
The confluent state of the cell monolayer can be measured
electrically by applying a low amplitude electrical pulse
between two electrodes (FIG. 10). Because the pulse doesn’t
induce electroporation in cells (1), the electrical current
through normal cells is negligible. Thus, the electrical current
flowing between the two electrodes comprises two compo-
nent, i.e., leakage current (2) that passes through the areas of
the porous membrane not covered by cells, and paracellular
current (3) that flows between the gaps among cells and
between cell and porous membrane substrate. The leakage
current is directly determined by cell confluency since the
higher the cell confluence, the less number of pores not cov-
ered by cells, thus the larger electrical currents can flow when
the same electrical potential is applied between the elec-
trodes. In most cases, the paracellular current is much smaller
than the leakage currents, thus leakage current can be
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approximated with the electrical current flowing between the
electrodes, and the state of cell confluency can be estimated.
With the information on cell confluency and cell type, elec-
trical pulses can be optimized to achieve high degree of elec-
troporation while avoiding excessive cell damage. A com-
puter program can be used to determine parameters
(amplitude, length and shape) of electrical pulses based on
theoretical calculation, experimental data, or the combina-
tion, to achieve optimal electroporation for the given type of
cells in a given confluent state (measured by electrical cur-
rents under a constant measurement pulse).

Minimize Effect of Cell Growth Ununiformity

[0046] When electroporating a cell monolayer grown on
top of a porous membrane using long electrical pulses, it is
important that the porous membrane is effective covered by
the cell monolayer, which results in maximal degree of elec-
troporation effectiveness under the same electrical pulses.
However, as illustrated in FIG. 11a, most times cells don’t
cover the entire substrate they grow on, particularly toward
the edge of a chamber where there are always large patches of
openings (1) not covered by cells, even cells reach a high
degree of confluency in the central areas (2). The exposed
patches of porous membrane at the edge of the chamber often
cause less effectiveness in cell electroporation as they allow a
substantial amount of leakage current (3) passes directly
through the porous membrane (FIG. 115), instead of through
the cell monolayer as effective electroporation Current (4)
that forces cell membranes to be permeabilized.

[0047] To overcome this edge effect in cell growth, one can
block the pores in the edge region of the porous membrane,
thus minimize leakage current that otherwise can flows
through the uncovered pores. This concept can be readily
realized by making the opening of the top chamber (5), in
which cells are cultured, larger than that of the bottom cham-
ber (6), as shown in FIG. 11c. By this means, electrical
current can only flow through the central region of the porous
membrane/cell monolayer, which is defined by the opening of
the bottom chamber, thus effectively eliminating leakage cur-
rent through the edge of porous membrane/cell monolayer.

Selective Cell Electroporation and Transfection

[0048] Another important benefit arising from the device
described in FIG. 11c is the ability of realize electroporation,
and thus transfection, in a selective fashion. Using the method
and device in the present invention, a cell can be electropo-
rated only when it is exposed to at least one unobstructed
microscale pore, which permits passage of electroporation
current through the cell. If there is no pore beneath the cell or
the pores are blocked, the cell will not be affected by the
present electrical field. Therefore, blocking pores in specific
region of the porous membrane provide an effective means to
achieve selective electroporation and transfection. In the
device shown in FIG. 11¢, the smaller chamber also defines an
electroporation window in the central region of the porous
membrane/cell monolayer, with cells inside the window, or
cells directly on top of the bottom chamber opening, can be
electroporated. The rest of the cells outside of this central
window will not be electroporated and thus transfected since
their underneath pores are effectively blocked by the dielec-
tric body of the bottom chamber. The unaffected cells can
serve as negative control cells, which are very useful to study
side-by-side how the transfected cells differ from the unaf-
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fected ones due to incorporating of foreign molecules. To
achieve selective electroporation with more sophisticated
pattern, one can use techniques such as glue spotting, screen-
ing printing, etc., to precisely blocked pores at desirable areas
of the porous membrane.

Cell Transfection Apparatus

[0049] A cell transfection apparatus (FIG. 12) typically
comprises a cell transfection device as previously described
(1), an electroporation control apparatus (2) and a computer
(3). The computer can be either a personal computer linked
with the control apparatus or a microprocessor system
embedded in the apparatus. The computer determines elec-
troporation conditions for a particular transfection unit on the
cell transfection device, the information is then directed to the
control apparatus that selects and drives a pair of electrodes
corresponding to a particular transfection unit to achieve opti-
mal electroporation in the cells residing in the device.

Improving Nuclear Importation of DNA Molecules

[0050] Intransfecting cells with DNA molecules, the DNA
molecules (mostly DNA plasmids) need to enter cell nucleus
in order to be expressed. This can be a challenging issue in
transfecting non-dividing cells as unlike in dividing cells
foreign genes can be incorporated in the nuclei of daughter
cells during mitosis, genes in the cytoplasms of non-dividing
cells need to find a way to enter nuclei, otherwise they will be
quickly degraded by cytoplasmic nucleases.

[0051] There are a couple of techniques to improve the
efficiency of transporting DNAs from cytoplasm to nucleus,
which when combined with our electroporation method can
produce better gene transfection efficiency. One technique
involves incorporating DNA nuclear targeting sequence
(DTS) (1) in DNA plasmid vectors (2), which improves
nuclear localization of the DTS-containing DNA molecules
through piggy-backing with DTS-binding proteins (3) that
can enter cell nucleus (FIG. 13.a). Another method involves
attaching nuclear localization signal (NLS) peptide (4) to
DNA plasmids, the NLS peptide can directly modulate pro-
teins (5), such as importins, that control the traffic through
nuclear envelope, so that the NLS-attached DNA plasmids
can enter nucleus through nuclear pore complexes (F1G. 13.5)

Auxiliary Component for Culturing Cells

[0052] The transfection method described in this invention
requires cells to grow into a relatively confluent monolayer
before they can be electroporated and transfected. This nor-
mally takes a couple of days. Such long culture time requires
sufficient cell growth media to keep cells healthy, which is an
issue in culturing cells on high-throughput plates as their
wells are small in volume and liquid evaporation is a big issue
atthis physical scale. One approach to solve this problem to is
change media from time to time manually or using robotic
media change station, a tedious and time-consuming proce-
dure. As an alternative approach, we disclose two methods for
increasing culture media accessible to cells in each cell cul-
ture unit.

[0053] FIG. 14 illustrates one approach that uses specially
designed detachable cell culture medium feeding plates. The
feeding plates (1) have array of liquid reservoirs that are
aligned with every individual transfection unit of a cell cul-
ture plate (2) where cells reside. The thickness of the plates
can range from 1 mm to 50 mm depending on how much
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medium each reservoir is expected to accommodate. The
reservoirs’ inside and the vicinity of their openings are treated
to be hydrophilic (3) and the rest areas (4) are rendered to be
hydrophobic so that when adequate amount of liquid added to
each reservoir, convex liquid droplets (5) can form at the
openings of each reservoir. Loading reservoirs with cell cul-
ture media can be done using pipetting techniques (6)
(manual or automatic), or simply by immerse plates in culture
media then pull them out gently (dip-and-retract) (7), each
reservoir will be filled with liquid thanks to capillary effect
and liquid droplets will form automatically due to surface
tension force. Once the auxiliary plates are loaded with
media, they are brought to a proper distance to a cell culture
plate that also have convex liquid droplets formed at the
openings of each individual unit, the droplets are brought into
contact and merge, they become small fluidic plugs (8) con-
necting reservoirs with their corresponding cell transfection
units where cell reside. For illustration purpose, only one
feeding plate (1) is brought closely to the cell culture plate (2)
to form a fluidic connection. The bottom feeding plate (2) is
separated from the cell culture plate to demonstrate how the
fluidic connection is formed by liquid droplets (5). Then the
assembled device can be placed in cell culture incubator. As
the thickness of the auxiliary medium feeding plate can be
large, culture media reservoirs can hold enough media to feed
cells for extended culture time. When cells are ready for
electroporation, the cell cell culture plate is then separated
from the cell culture plates for downstream operations.

[0054] Itshould be noted that the medium feeding plate can
also be used for parallel cell loading, which is demonstrated
in FIG. 15. Using the same “dip-and-retract” approach as
illustrated in FIG. 154, a feeding plate (1) is submerged in a
solution (3) containing biological cells (4), then gently
retracted. Due to surface treatment of the feeding plate pre-
viously described, cell-containing solution fills in each open-
ing of the feeding plates and forms convex liquid droplets (5)
at the exits of the openings due to surface tension forces. A
cell culture plate (2) is also loaded with proper cell culture
solution in each transfection units using methods described
previously. Convex liquid droplets (6) are also formed at the
exits of each transfection unit due to surface tension forces.
When the feeding plate and the cell culture plate are brought
close (FIG. 155), the liquid droplets (5 and 6) eventually
merge to form aliquid connection (7), through which cells (4)
in each opening of the feeding plate can travel to the corre-
sponding transfection unit, thus completes cell loading pro-
cess.

[0055] FIG. 16 illustrates another approach that uses dis-
posable flexible plates to increase cell culture volume. In this
case, two flexible plates (1) made of elastic inert materials
(such as PDMS silicone rubber) are directly attached to a cell
culture plate on both sides through temporary bonding (FIG.
164a). The inner surfaces (7) of each opening of the flexible
plate aretreated to be hydrophilic, and the rest surfaces (8) are
hydrophobic. The two attached plates allow adding more
culture media (3) to feed the cells in each transfection unit of
acell culture plate (2). In some special cases, cells might need
to be culture for several weeks to reach a desirable biological
state before they are transfected. For such expended long time
of culturing, the entire assembly (cell cell culture plate and
disposable plates) can be immersed in a cell culture container,
after cells attach to the porous membrane of each transfection
unit (normally takes 4-6 hours after cells are introduced to the
membrane surface). The attached plates also serve as protec-
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tion layers to protect the hydrophobic-treated surfaces (6) of
the cell culture plate from being exposed to and effected by
cell culture media. When the cells are ready for electropora-
tion and transfection, the flexible auxiliary plates (1) are
peeled off from the cell culture plate (2) (for illustration
purposes, only the top flexible plate is peeled off in F1G. 165).
Excessive cell culture solution is also automatically removed
as it is retained inside the openings of the flexible plate due to
surface tension force. The rest of the cell culture solution
remains in each transfection units of the cell culture plate,
with convex droplets formed at the exits of the transfection
units due to the protected hydrophobic surfaces (6), making
them ready for downstream downstream transfection proce-
dures as described previously.

Experimental Results
Cell Culture

[0056] Various types of cells, including engineered cell
lines (such as HepG2, MDCK, HEK?293) and primary cells
(such as HMEC, HUVEC, PrEC), are tested using the
described device. To culture cells in the cell culture device,
cells are firstly trypsinized and resuspended in culture
medium, followed by adding cells to a cell culture unit at
seeding density between 50,000 to 500,000 cells per cm” of
porous membrane. Cell culture device is then placed inside an
incubator at 37 C with 5% CO, for one or two days before they
are electroporated and transfected. This practice typically
leads to formation ofa >80% confluent cell monolayer on the
porous membrane.

Electroporation Study

[0057] Electrical pulses with width between 100 msec to 5
sec are applied to a pair of electrodes for cell electroporation.
Depending on cell type and confluence of cell monolayer,
amplitude of electrical pulses ranges from 1V to 3V for opti-
mal electroporation of different types of cells. A nucleic acid
staining fluorescent dye, YOYO-1 (Invitrogen), is used to
assess the effective of electroporation. YOYO-1 molecules
can not enter normal cells since they are membrane impet-
meant. When cells are electroporated, YOYO-1 molecules
can enter the cells through their permeablized membrane, and
bind to cellular DNA and RNA molecules. Thus, the YOYO-1
containing electroporated cells can be readily identified as
they appear to be green under proper UV excitation. FIG. 17
shows MDCK cells that are electroporated in 1 uM YOYO-1
solution (in PBS) by a 2.5 V/1 second square pulse. To facili-
tate fluorescent observation, MDCK cells are detached from
porous membrane and loaded on a glass slide. In the figure,
bright cells indicates successful incorporation of membrane
impermeat YOYO-1 molecules due to electroporation. It can
be seen >90% of the cells appear to be bright/white, indicat-
ing >90% of'the cells are effectively electroporated under that
particular condition. Similar results have also been achieved
with other cells, including both cell lines and primary cells,
such as HEK293, HUVEC, PtEC, etc.

Transfection of DNA

[0058] FIG. 18 demonstrates the capability of the cell trans-
fection device in transfection of cells with DNA plasmids. In
the experiment, DNA plasmids solution (10-50 ug/mL) is
added either in the apical or basal side of a cell monolayer,
then cells are electroporated with square electrical pulses
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between 1.5V-3V. Expression of the DNA plasmids is
observed four to 24 hours after electroporation. It should be
noted that using our transfection method, expression of DNA
plasmids is evident as early as three hours after transfection,
which is significantly shorter than other transfection methods
(normally 24 hours). This rapid expression of DNA mol-
ecules implies effective nuclear uptake of the DNA plasmids
using our method. FIG. 18a shows successful GFP (Green
Fluorescent Protein) expression in a confluent monolayer of
PrEC cells (human prostate epithelial cells). More than 70%
of the cells are successfully transfected and express GFP,
which appear bright in the image. FIG. 185 shows GFP
expression in a confluent monolayer of HMEC cells (human
mammary epithelial cells). More than 40% of the cells are
successfully transfected (bright cells in the picture). It should
be noted that both PrEC and HMEC are primary cells, which
are typically very resistant to existing transfection methods,
such as lipofection. Being able to transfect primary cells in
high-throughput fashion grants our technology clear advan-
tages over the existing ones.

Transfection of siRNA

[0059] To demonstrate our device’s capability of transfect-
ing cells with siRNA, we added 20 nM fluorescence labeled
siRNA (Alexa Fluor 488-siRNA from Invitrogen) to PrEC
cells, then electroporated the cells using similar protocols
described above. FIG. 19 is an image showing effective intro-
duction of the siRNA molecules into more than 60% of cells
(bright cells). To further demonstrate our capability. we first
transfected PrEC cells with GFP vectors. FIG. 20a shows
many bright cells indicating high level GFP expression. Then
we further transfected the same cells with 10 nM anti-GFP
siRNA (Invitrogen), which can knock down GFP expression
once they are delivered into cells. FIG. 205 shows an image of
the same cells twelve hours after siRNA transfection. It is
obvious that cells appear much dimmer than before (FIG.
20a), which indicated successful known-down of GFP in the
cells by anti-GFP siRNA molecules delivered using our
device.

Selective Electroporation and Transfection

[0060] To demonstrate the capability of performing selec-
tive electroporation, we used a UV curable transparent paste
to block the edge region of the porous membrane in a cell
transfection device. Cells are cultured on the other side of the
porous membrane as previously described. Then the cells are
electroporated in presence of a red nucleic acid stain, pro-
pidium iodine (PT), using similar conditions above. Then cells
are inspected using fluorescent microscopy. FIG. 20 shows a
fluorescent image of MDCK cells after electroporation. The
white dash line outlines the boundary ofthe cured transparent
paste, which blocked the left side of the porous membrane.
MDCK cells formed a nice confluent monolayer span across
the entire porous membrane (image not shown). While as
shown by the images, only the cells on the unblocked part of
the porous membrane (right side of the dash line) are success-
fully electroporated (indicated by PI uptake that make the
cells appear to be bright in the image). The cells on the
blocked area (left side) were virtually unaffected since no PI
uptake is detected (cells are dark and not visible in the image).
[0061] Using the same method, we also performed selec-
tive cell transfection successfully in PrEC cells. GFP plas-
mids are used to indicate successful cell transfection. FIG. 21
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shows a fluorescent image of the cells. Similarly, a white dash
line outlines the boundary between porous membranes with
blocked and open pores. Again, the experiment shows that
only the cells on top of the porous membrane with unob-
structed pores express GFP due to successful transfection
(bright cells at the right side of the dashline). The rest of the
same cells under same electroporation conditions are virtu-
ally not affected. Both experiments validate that selective
electroporation and thus transfection can be achieved in our
devices by blocking part of the porous membrane.

Methods of Use

[0062] The high-throughput cell transfection method dis-
closed in this invention can enable many cell-based assays for
both fundamental research (such as functional genomics,
cancer research) and therapeutic development (such as target
ID/validation, compound screen and in vitro testing).

[0063] Besides the general usage of the high-throughput
transfection device and apparatus, we also disclose hereafter
novel methods of using transient transfected cells for evalu-
ation and prediction of drug compounds’ pharmaceutical and
therapeutic propetties. It should be noted that the methods to
be disclosed can be realized by the aforementioned high-
throughput cell transfection method and apparatus, however,
they are not necessarily limited to any particular transfection
methods or apparatuses.

Method for Transcription Factor Activity Profiling

[0064] Transcription factors (TFs) are a family of regula-
tory proteins of critical importance as they control when
genes are switched on or off. Knowing the functional activi-
ties of transcription factors not only offer information on
which genes will be transcripted (switched on), but also can
give insights on which signaling pathways are affected by
stimuli (such as drugs, toxins, environmental stress, etc.)
since activation of transcription factors is normally the last
step of signaling pathways. Furthermore, since it is the acti-
vation of particular set of transcription factors that turned on
a particular set of genes that drive pathophysiological and
physiological responses to external stimuli in human body, it
is feasible to predict how human body responses to a particu-
lar stimulus (drug, toxin, environmental stress, molecular
defect, etc.) by analyzing changes in functional activities of
the entire family of transcription factors, or a subset of perti-
nent transcription factors.

[0065] The functional activity of a particular TF can be
analyzed by transfecting cells with a TF reporter vector that
contains a cis-acting DNA response element upstream of the
reporter gene. The reporter gene can encode any reporters
such as luciferase, GFP, beta-lactamase, etc. The cis-reacting
response element contains multiple repeats of a specific TF
binding element. When the vector is transfected in cells,
activation of the specific transcription factor will result in
binding of the TF and the cis-acting element that recognize
the TF, which cause transcription and expression of the
reporter gene, producing a detectable signal as the result of
activation of that particular TF.

[0066] To analyze the activities of a group of interested TFs
in cells, it is necessary to construct a library of TF reporter
vectors, each reporter vector contains cis-acting element that
is recognized by a corresponding TF. Then one can use the
transfection device previously described, or use any other
applicable methods, to transfect a number of the same cell
samples with the TF reporter vectors, one vector for each
sample. Each transfected cell sample is used to elucidate the
functional activity of one TF, collectively, one can profile the
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activities of a large number of TFs in a particular type of cells
(primary cells or engineered cell lines).

[0067] When the cells are subject to a stimulus, comparing
the functional activity profiles of a particular set of TFs in
cells before and after stimulation can reveal which TFs’ activi-
ties are affected by the stimulus (drug, toxin, stress, radiation,
molecular change, etc.) This can be particularly useful to
evaluate the effects of the stimulus and to understand the
underlying mechanisms that cause the actions (Mechanism-
Of-Action).
[0068] It should be noted that in order to compare TFs’
functional activities in the same cells before and after stimu-
lation, the reporter used must permit analysis of the reporter
activity in live cells. Such reporter can be GFP, renilla
luciferase, beta-lactamase, etc. If the reporter chosen requires
lysing cells (e.g.; firefly luciferase), two sets of experiments
need to be carried out, with one set of transfected cells not
being treated with stimulus to serve as negative controls/
references, the other set of transfected cells to be treated with
stimulus in order to obtain the corresponding TF activity
profile. The changes in TF activities can be extrapolated by
comparing the two profiles obtained from different sets of
cells.
[0069] To recapitulate, the method for profiling the changes
in functional activities of a set of transcription factors caused
by a stimulus comprise typically the following steps,
[0070] a. Transfecting at least one type of model cells
(primary cells or engineered cell lines) with a library
(>2) of TF reporter vectors, with one population of cells
transfected with one TF reporter vector that can recog-
nize functional activity of a specific TF inside the cells.

[0071] b. Measure reporter activities through fluores-
cence, luminescence or any appropriate techniques, in
each population of cells, to evaluate the functional activ-
ity of the specific TF corresponding to the IF reporter
vector being transfected in this particular population of
cells.

[0072] c. Construct a profile of the functional activities
of all TFs of interests

[0073] d. If the reporter system used allows live cell
analysis, subject the previous cells to a specific stimulus,
repeat step a-c, to obtain a second profile of TF activities
in the same cells after stimulation. If the reporter used
doesn’t allow live cell analysis, start with a new batch of
same model cells, subject the cells to the stimulus, then
go through step i-iii to obtain a second profile of TF
activities in the model cells that underwent stimulation.

[0074] e. Compare the first and second profiles to iden-
tify changes in functional activities of the TFs the type(s)
of model cells caused by the stimulus

Target Evaluation and Biomarker Discovery Using
TF Activity Profiling

[0075] Modern drugs often modulate target proteins that
play important roles in pathological pathways. Direct or indi-
rect modulation of the targets often result in changes in activi-
ties of many expected and unexpected transfection factors
because of cross-talking among signaling pathways. The
aforementioned TF activity profiling method can be used to
evaluate therapeutic and side effects caused by modulating a
particular drug target, as well as to discover biomarkers that
serve as a surrogate measure on the effectiveness of target
modulation.
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[0076] A method using transcription factor activity profil-
ing for drug target evaluation and or biomarker discovery is
disclosed. The method comprises typically the following
steps:

[0077] a. Transfecting at least one type of model cells
(primary cells or engineered cell lines) with a library
(>2) of TF reporter vectors, with one population of cells
transfected with one TF reporter vector that can recog-
nize functional activity of a specific TF inside the cells.

[0078] b. Measure reporter activities through fluores-
cence, luminescence or any appropriate techniques, in
each population of cells, to evaluate the functional activ-
ity of the specific TF corresponding to the TF reporter
vector being transfected in this particular population of
cells.

[0079] c. Construct a profile of the functional activities
of all interested TFs

[0080] d. If the reporter system used allow live cell
analysis, treat the previous cells using appropriate meth-
ods to modulate a drug target of interests, repeat step
i-iii, to obtain a second profile of TF activities in the
same cells that are after drug target modulation. If the
reporter used doesn’t allow live cell analysis, start with a
new batch of cells, apply appropriate methods to modu-
late the drug target of interests in these cells, then go
through step i-iii to obtain a second profile of TF activi-
ties in cells that underwent target modulation.

[0081] e. Compare the first and second profiles to iden-
tify changes in functional activities of the TFs the type(s)
of model cells due to modulating the said target

[0082] Once the changes in TFs’ functional activities are
elucidated, one can further identify which pathways the drug
target by identifying the affected TFs and the pathways they
are linked to. One can also further predict the consequences of
modulating this drug target by analyzing how the changes in
TF activities would influence transcription and expression of
relevant genes, and furthermore what therapeutic and toxic
effects the changes in expression of the genes would lead to.
Both the affected TFs and the downstream genes and proteins
due to modulation of the drug target can be used as biomar-
kers, which can be used in preclinical and/or clinical studies
as indications to effectiveness of therapeutic intervention
and/or clinical safety.

Drug Evaluation Using TF Activity Profiling

[0083] Modern drugs are often designed to regulate one
particular protein (drug target) with important roles in a
pathological pathway. Most times, the drugs have in-target
effects, which are the consequences of a successful modula-
tion of the drug target (structurally or functionally), and off-
target effects due to drugs’ unintended influence on other
proteins. Both the in-target and off-target effects often result
in activation of a number of TFs mediated by signaling trans-
duction. By analyzing the changes in TF activities in appro-
priate model cells before and after drug compounds treat-
ment, it is possible to elucidate the therapeutic and side-
effects of the drug compounds.
[0084] A method that uses transcription factor activity pro-
filing for drug compound evaluation is disclosed. The method
comprises typically the following steps:
[0085] a. Transfecting at least one type of model cells
(primary cells or engineered cell lines) with a library
(>2) of TF reporter vectors, with one population of cells
transfected with one TF reporter vector that can recog-
nize functional activity of a specific TF inside the cells.
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[0086] b. Measure reporter activities through fluores-
cence, luminescence or any appropriate techniques, in
each population of cells, to evaluate the functional activ-
ity of the specific TF corresponding to the TF reporter
vector being transfected in this particular population of
cells.

[0087] c. Construct a profile of the functional activities
of all interested TFs

[0088] d. If the reporter system used allow live cell
analysis, treat the previous cells with the drug compound
(s) of interests using appropriate methods, repeat step
i-iii, to obtain a second profile of TF activities in the
same cells that are after compound treatment. If the
reporter used doesn’t allow live cell analysis, start with a
new batch of cells, treat these cells with the drug com-
pounds) of interests using appropriate methods, then go
through step i-iii to obtain a second profile of TF activi-
ties in cells underwent compound treatment.

[0089] e. Compare the first and second profiles to iden-
tify changes in functional activities of the TFs in the
type(s) of model cells due to treatment with the said drug
compound(s)

[0090] Once changes in TF activities due to drug treatment
are revealed, one can further identify which pathways were
affected by the compound(s) by identifying the affected TFs
and the pathways they are linked to. One can also further
predict the consequences of compound treatment by analyz-
ing how the changes in TF activities would influence tran-
scription, thus expression of relevant genes, and furthermore
what therapeutic and toxic effects the changes in transcription
of the downstream genes would lead to. Both the TFs and the
downstream genes and proteins affected by the drug treat-
ment can be used as biomarkers to indicate to effectiveness of
therapeutic intervention and/or clinical safety in preclinical
and/or clinical studies.

Method to Predict Effects of a Stimulus in Human

[0091] By combining the transcription factor activity pro-
filing method and bioinformatic techniques, we propose a
novel method to predict therapeutic and toxic/safety effects of
astimulus in human. The stimulus can be exposure to chemi-
cals, therapeutic agents and toxins, radiation, molecular inter-
vention such as modulation of a drug target, and any other
perturbations that can cause molecular and cellular responses
by biological entities, including human and animals. The
method comprises typically the following steps,

[0092] Obtain changes in functional activities of at least 2
TFsin at least one type of model cells caused by a member of
a set of reference stimuli whose effects in human are well
characterized (such stimuli can be approved drugs, known
toxins, etc.), using the method described previously.

[0093] a. Correlate the changes in the functional activi-
ties of the said TFs in the said model cells, with the
known therapeutic and toxic/safety effects of the said
reference stimuli in human

[0094] b. Obtain changes in the functional activities of
the said TFs in the same model cells caused by a test
stimulus whose effects in human are not well character-
ized (such stimulus can be a new drug in development, a
new toxin, etc.), using the method(s) described previ-
ously in section 2.b.

[0095] c.Compare the changes in TFs’ functional activi-
ties in the said model cells caused by the test stimulus
and the changes in TF functional activities caused by the
reference stimuli, identify possible similarities among
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the changes, correlate the similarities with the therapeu-
tic and toxic/safety effects of the reference stimuli in
human to predict the therapeutic and toxic/safety effects
of the test stimulus in human.

Method for Determining Transporter Proteins
Influencing Drug Transportation

[0096] Transporter proteins are a family of membrane pro-
teins that are responsible for transporting a variety of sub-
stances (small molecule drugs, ions, peptides, etc.) in and out
of cells. They play key roles in drug absorption, distribution
and excretion. Being able to profile which transporter pro-
teins affect transportation of a drug compound in and out of
cells can be very useful in characterizing the compound’s
ADME or pharmacokinetic properties and in providing
mechanistic insights on how to improve the compound’s
ADME/PK properties.

[0097] A commonly used in vitro method to study trans-
portation of a compound is to study how the test compound is
transported through a cell monolayer grown on a porous
membrane. This transcellular transport analysis method can
be readily realized using the previously disclosed transfection
devices that allow formation of confluent cell monolayers on
aporous membrane inside each transfection unit. By combin-
ing cell transfection and transcellular transport analysis, we
come up with a novel method to evaluate influence of indi-
vidual transporters on a test compound’s ADME/PK propet-
ties.

[0098] The method comprises typically the following
steps,
[0099] a. Grow an appropriate model cells into confluent

monolayers on porous membranes in an array of appli-
cable devices. The model cells must be able to grow into
confluent monolayer with tight junctions formed among
adjacent cells, and the model cells have low native
expression level of transporter proteins. MDCK cell line
is a good candidate as it meets both requirements.
[0100] b. Transfect the cells with a library of DNA plas-
mids using applicable methods. The cells in each device
are transfected with one type of DNA plasmids that
encode a specific transporter protein. As a result, an
array of testing cell monolayers is created with each cell
monolayer expressing a particular transporter protein.
[0101] c. Useapplicable analytical methods to measure a
test compound’s permeability to every cell monolayer
expressing the known transporter protein, compare with
the reference permeability of the said compound to the
wild-type model cells to identify all the individual trans-
porter proteins that affect the permeability of the said
compound to the model cell monolayers and the relative
significance of their influence.
[0102] Once the individual transporter proteins that affect
the compound’s transportation are identified, one can analyze
which individual transporter-compound interaction improve
and which deteriorates the compound’s ADME/PK propet-
ties. This information can be very valuable to guide com-
pound optimization to modify compound structure so that it
becomes the substrate of particular transporter proteins to
render the compound desirable ADME/PK properties or
therapeutic effects. For example, many influx transporters
such as PEPT1, ASBT, OATP-B, etc. help improve drug
absorption, while efflux transporters such as P-gp, MRP2 and
BCRP play the opposite role. Therefore, if a compound is
identified to the substrate of particular efflux transporters, one
can modify the compound structure to avoid binding to the
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efflux transporters, furthermore, to transform the compound
as the substrate of some influx transporters, thus improving
the absorption properties of the drug compound.

[0103] Another example is to optimize compound structure
for targeted drug delivery. The strategy is to focus on differ-
ential expression of transporters between the target cells/
organ and other cells/organs. The information obtained from
compound-transporter interaction profiling can help guide
structural optimization for compound so that it is absorbed
only by the target cells/organ.

[0104] Another valuable application of the method is in
drug toxicity prediction. There are many transporters only
expressed in particular organs, for example, NTCP is a trans-
porter exclusively expressed in liver, a drug compound that is
the substrate of NTCP transporter is more likely to have liver
toxicity due to the high chance of being delivered to liver.
Similarly, a drug that is the substrate of blood-brain barrier
(BBB)-specific transporters is more likely to penctrate BBB
to reach brain, thus has higher possibility of causing neuro-
toxicity.

Method to Predict Compound’s ADME/PK
Properties

[0105] ROM By combining the compound-transporter
interaction profiling method and bioinformatic techniques,
we propose a novel method to predict a compound’s ADME/
PK properties. The’method comprises typically the following
steps,

[0106] a. Obtain the profiles on the interactions of each
member of a reference compound library with a library
(>2) of transporter proteins in at least one type of model
cells, using the method described previously in section
2.e. The reference compounds are approved or failed
drugs whose ADME/PK properties in human are well
characterized.

[0107] b. Correlate the compound-transporter interac-
tion profiles in the said model cells, with the ADME/PK
properties of the said reference compounds

[0108] c. Obtain the profile on the interactions of a test
drug compound with the library of transporter proteins
in the same model cells, using the method described
previously in section 2.e.

[0109] d. Compare the profiles on transporter interaction
in the said model cells among the test compound and the
reference compounds, identify possible similarities, cor-
relate the similarities with the ADME/PK properties of
the reference compounds in human to predict the
ADME/PK properties of the test compound in human.

We claim:

1. A method of identifying a transporter protein that affects

transport of a compound in and/or out of a cell, comprising:

a. providing multiple populations of cells, wherein upon
transient transfection with a distinct foreign substance,
each population of cells have altered expression of a
distinct transporter protein as compared to other cell
populations;

b. assaying the multiple populations of cells as early as
three hours after said transient transfection for the ability
of said distinct transporter expressed in said each popu-
lation of cells to transport the compound in and/or out of
acell.

2. The method of claim 1, wherein the step of providing

comprises (1) culturing each population of cells in a distinct
chamber supported by a porous membrane, and (ii) tran-
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siently transfecting said each population of cells with a vector
encoding the distinct transporter protein by way of electropo-
ration.

3. The method of claim 1, wherein the step of providing
comprises (1) culturing each population of cells in a distinct
chamber supported by a porous membrane, and (ii) tran-
siently transfecting said each population of cells with a
siRNA targeting the distinct transporter protein by way of
electroporation.

4. The method of claim 1, wherein the transporter protein is
selected from the group consisting of PEPT1, ASBT, OATP-
B, P-gp, MRP2, and BCRP.

5. The method of claim 1, wherein the transporter protein is
an efflux transporter.

6. The method of claim 1, wherein the transporter protein is
an influx transporter.

7. The method of claim 1, wherein the ability of said
distinct transporter expressed in said each population of cells
to transport the compound in and/or out of a cell is evidenced
by a fluorescent or luminescent readout.

8. The method of claim 1, wherein the multiple populations
of cells are of the same type.

9. The method of claim 1, wherein the multiple populations
of cells are of different types.

10. The method of claim 1, wherein the cells are adherent.

11. The method of claim 1, wherein the cells are monolayer
cells.

12. The method of claim 1, wherein the cells are polarized.

13. The method of claim 1, wherein the cells are selected
from the group consisting of prostate cells, mammary cells,
kidney cells, blood-brain-barrier cells, and liver cells.

14. The method of claim 1, wherein the cells are cancer
cells.

15. The method of claim 1, where the cells are selected
from the group consisting of MDCK (Madin-Darby Canine
Kidney) cells, HEK293, and HepG2.

16. The method of claim 1, wherein the cells are primary
cells directly derived from tissues.

17. The method of claim 1, wherein the cells are epithelial
cells.

18. The method of claim 1, wherein the assaying of mul-
tiple populations of cells is carried out within 6, 12, 24, 48 or
72 hours.

19. An in vitro method of assaying for transport of a test
compound in and/or out of a cell, comprising:

a. transiently transfecting a monolayer of cells adhered to a
porous membrane with a foreign substance suspected to
affect transport of said test compound, wherein said
transfection results in at least about 40% of the cells of
said monolayer being transfected with said foreign sub-
stance;

b. incubating said transfected monolayer of cells with said
test compound; and

¢. measuring an effect of said foreign substance in said cells
on the transport of said test compound.

20. The method claim 19, wherein the monolayer of cells

comprises polarized cells.

21. The method of claim 19, wherein the transporter pro-
tein is an efflux transporter.

22. The method of claim 19, wherein the transporter pro-
tein is an infflux transporter.
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23. The method of claim 19, wherein the cells are selected
from the group consisting of prostate cells, mammary cells,
kidney cells, blood-brain-barrier cells, and liver cells.

24. The method of claim 19, wherein the cells are cancer
cells.

25. The method of claim 19, where the cells are selected
from the group consisting of MDCK (Madin-Darby Canine
Kidney) cells, HEK293, and HepG2.

26. The method of claim 19, wherein the cells are primary
cells directly derived from tissues.

27. The method of claim 19, wherein the cells are epithelial
cells.

28. The method claim 19, wherein at least about 70% ofthe
monolayer cells are transfected with the foreign substance.

29. The method claim 19, wherein at least about 90% ofthe
monolayer cells are transfected with the foreign substance.

30. The method of claim 19, wherein the foreign substance
comprises a vector encoding one or more transporter proteins.

31. The method of claim 19, wherein the foreign substance
is selected from the group consisting of DNA, siRNA, pro-
tein, antibody, peptide, chemical compound, and a nanopar-
ticle.

32. The method of claim 19, wherein the step of measuring
is conducted within 6, 12, 24, 48 or 72 hours after said
transient transfection.

33. The method of claim 19, wherein the test compound is
a drug.

34. A method of predicting a pharmacological property of
a test compound, comprising;

a. transiently transfecting multiple populations of cells,
each population of which, with a distinct foreign sub-
stance to affect expression of a distinct transporter pro-
tein;

b. identifying from said transiently transfected populations
of cells the transporter proteins that affect transport of
test compound to generate a test compound/transporter
interaction profile;

c. comparing said test compound/transporter interaction
profile with that of a reference compound whose com-
pound/transporter interaction profile and corresponding
pharmacological property are characterized, thereby
predicting the pharmacological property based on said
comparison.

35. The method of claim 34, further comprising modifying
the structure of the test compound such that the test com-
pound yields an altered test compound/transporter interaction
profile as compared to that of the test compound without the
modification.

36. The method of claim 34, wherein the pharmacological
property comprises ADME and pharmacokinetic properties.

37. The method of claim 34, wherein the cells are adherent.

38. The method of claim 34, wherein the cells are adherent
monolayer cells.

39. The method of claim 34, wherein the cells are polar-
ized.

40. The method of claim 34, wherein the transporter pro-
tein is selected from the group consisting of PEPT1, ASBT,
OATP-B, P-gp, MRP2, and BCRP.

41. The method of claim 34, wherein the reference com-
pound is an approved or failed drug.
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