METHODS

Chip-platform fabrication:

Platform design and fabrication schematics can be found in Supplementary Fig. 6. Microtextured
surfaces for cell migration studies were fabricated using a polydimethylsiloxane (PDMS) (Sylgard)
replica molding process®. Briefly, a 10:1 mixture of PDMS:curing agent was cast on the surface
of a photolithographically-patterned silicon (Si) wafer. The PDMS was allowed to cure at room
temperature for >48 h before demolding.

Two-dimensional PDMS-based nanoelectroporation (NEP) devices were also molded from a
photolithographically-patterned Si master® 3. Such masters were fabricated using a combination of
projection and contact lithography. Briefly, SPR950 nanowires (~200 nm) were patterned by
projection lithography (GCA 6100C Stepper) on a Si wafer. This pattern was then transferred onto
the Si surface by reactive ion etching using SF6 (LAM Autoetch 490 Poly/Nitride Plasma Etcher).
SU-8 microridges were then patterned/aligned on the Si nanowires. Subsequently, the NEP devices
were fabricated by casting a layer of hard PDMS (1:1 PDMS:curing agent) on the Si masters
followed by a softer layer (10:1 PDMS:curing agent). After demolding, the PDMS was baked
further at 170°C for >15 h. Finally, the textured PDMS surface and NEP device were integrated
into a single chip-platform via oxygen plasma bonding.

Si-based 3D NEP devices for large-scale single-clone interrogation were fabricated as described
previously®. Briefly, ~1 cm? NEP devices were fabricated from thinned (~200 pum) double-side
polished (100) silicon wafers. A ~1.5 um thick layer of photoresist was spin coated on the silicon
surface and nanoscale channels (~10 pum deep) were etched into the Si substrate using projection

lithography and deep reactive ion etching. Microscale reservoirs were then defined on the back



side of the Si substrate using contact lithography and DRIE. Finally, a 100-200 nm-thick

insulating/protective layer of silicon nitride was deposited on the surface via PECVD.

Cell culture and analysis:

GBM samples were collected at The Ohio State University in accordance with an institutional
review board—-approved protocol. Freshly resected tumor samples were dissociated and established
GSCs were cultured in DMEM/F12 (Invitrogen) supplemented with B27 (Miltenyi Biotech),
heparin (2.5 pg/ml), bFGF (Peprotech, 20 ng/ml), and EGF (Peprotech, 20 ng/ml). bFGF and EGF
were added twice a week. The phenotypes of these neurospheres were molecularly characterized
as previously described® ®. GSE67089 datasets in the NCBI Gene Expression Omnibus (GEO)
were analyzed to compare expression profiles for migration-related genes between GBM157 and
GBMb528. The data were log transformed, median centered, and processed with Java Treview
software.

Cell migration studies were conducted on an inverted microscope fitted with a cell culture
chamber. GSC neurospheres were dissociated into monodispersed cell suspensions and then plated
on the textured PDMS surface using GSC culture medium without heparin, and supplemented with
10% fetal bovine serum (FBS). Images were collected every 10 minutes and analyzed using Fiji
software as described before?.

Nanoelectroporation experiments were conducted as previously described* . Cells were loaded
into 2D or 3D NEP devices via optical tweezers or direct surface platting, respectively. For optical
tweezers-based loading, the cells were manipulated with a custom-built system usinga 3 W, 1,064
nm laser (Crystal Laser) mounted on an inverted microscope (Olympus 1X-71). Cell maneuvering

was conducted using power values around 600 mW. Direct surface platting, on the other hand, was



carried out simply by letting the cells adhere on the nanochanneled surface of the 3D NEP
component using GSC media (without heparin) supplemented with 10% FBS. The cargo to be
transfected (e.g., molecular beacons, anti-miR) was loaded in phosphate buffered saline. A pulsed
electric field was then applied across the nanochannels using a Biorad Gene Pulser Xcell power
supply. The applied voltage ranged between 200-250V, and the pulse length varied between 5-20
ms. Anti-miR363 was purchased from ABI. Temozolomide and molecular beacons (Vimentin,
CD44, GAPDH, CD133, MLK4, and miR363) were purchased from Sigma-Aldrich. Molecular
beacons are stem-and-loop structured oligodeoxynucleotides with a fluorophore on one end and a
quencher at the other® °. Once the beacon enters the cell and finds a complementary target,
hybridization would occur, which causes the quencher and probe to separate, consequently, this
results in a fluorescence signal that allows for in situ detection of specific targets (e.g., mMRNAS,

oligo RNAs) inside living cells.

Statistical Analysis:

All experiments were performed in triplicate. All statistics were performed in SigmaPlot version
13.0.
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