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Fig. S1 Representative images of ACSF mixture and 100% DMEM solution (control)

from a wound healing assay.
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Fig. S2 Effects of different concentrations of ACSF and 100% DMEM solution on
morphology of U87-MG cell. (A-D) Effects of different concentrations of ACSF and
100% DMEM solution on morphologies of single U87-MG cell, including (A) cell area,
(B) cell roundness, (C) cell width, (D) and cell radial mean. (E) Density distribution of

cell area and cell roundness for different concentrations of ACSF and 100% DMEM

solution.



Fig. S3 Representative fluorescent images of U87-MG cells cultured on the
microfluidic chip for 10 days, and cells maintained their healthy morphology and

proliferate. Scale bars, 400 um.
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Fig. S4 The optimal conditions for U87-MG cell culture were obtained by optimising
the ratio of collagen:10x MEM:NaOH in the presence of interstitial flow, and the
optimal cell culture conditions were collagen:10x MEM:NaOH = 8:1:1. Scale bars, 400

pm.
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Fig. S5 Characterization of interstitial flow (IF). (A-B) Representative fluorescence
images of diffusion of sodium fluorescein solution in collagen-containing microfluidic
chips in the (A) presence or (B) absence of IF for up to 10 min, scale bar, 200 um. (C-
D) Representative fluorescence images of fluorescence recovery after
photobleaching in collagen-containing microfluidic chips in the (C) presence or (D)
absence of IF for up to 30 s, scale bar, 50 um. (E) A rectangle ROl was used for
quantifying the fluorescent signal of sodium fluorescein diffusion from the microfluidic
chip in the presence or absence of IF. The mean fluorescence intensity of the ROI region
was calculated using Image J at different time points. (F) A rectangle ROI was used for
quantifying the fluorescent signal of fluorescence recovery after photobleaching
from the microfluidic chip in the presence or absence of IF. The mean fluorescence
intensity of the ROI region was calculated using Image J at different time points. (G-
H) flow rate distribution simulations in the (G) presence or (H) absence of IF on

microfluidic chip by COMSOL software.
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Fig. S6 Migration analysis with low density U251 cells on microfluidic chip. A) Line
diagram showing experimental plan. B) Representative fluorescence images of
migrating cells on the microfluidic chips in control and IF conditions on day 9. Scale
bars, 400 pum. C-F) Quantification of C) number of migrating cells, D) migration
displacement on individual cell, E) the mean displacement of top 30% fast-moving
migrating cells on each condition, F) and the mean displacement of migrating cells (n

= 3 chips from 3 independent experiments).
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Fig. S7 Migration analysis with high density U87-MG cells on microfluidic chip. A)
Line diagram showing experimental plan. B) Representative fluorescence images of
migrating cells on the microfluidic chips in control and IF conditions on day 3 and day
5. Scale bars, 400 um. C-F) Quantification of C) number of migrating cells, D)
migration displacement on individual cell, E) the mean displacement of top 30% fast-
moving migrating cells on each condition, F) and the mean displacement of migrating

cells (n = 3 chips from 3 independent experiments).
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Fig. S8 Characterization of cell cytoskeleton and toxicity of CytD and VS-6063. A)
Representative fluorescence images of U87-MG cells stained with Actin-Tracker Green
488. Scale bars, 100 um and 20 um. B-C) Proliferation rates of U87-MG cells in
different concentrations of B) CytD and C) VS-6063.
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Fig. S9 Migration analysis with U87-MG cells treated with PF-573228 on microfluidic
chip. A) Representative fluorescence images of migrating cells on the microfluidic
chips in control, and IF + 1.25 uM PF-573228 conditions on day 6. Scale bars, 400 pm.
B) Proliferation rates of U87-MG cells in different concentrations of PF-573228. C)
Western blot analysis of U87-MG cells treated with the PF-573228 at 1.25 uM for 48
h.
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Fig. S10 Western blot analysis of U87-MG cells treated with the SiRNA#1 at 150 nM
for 48 h.

Table S1 Comparison of methods, flow rates, and research content of interstitial flows
as described in the published literature

Methods of
R h lizi Fl
ese.arc .rea 121-n.g ow Research contents Ref
article interstitial  rate
flow
) A micro-small intestine system was
Construction
) successfully developed,
of multilayered . . o
) . . incorporating interstitial flow and
small intestine- syringe 30 uL . . 1
like tissue b DS Bl forming a multilayered structure,
Y PHEP which can be beneficial for
reproducing

pharmaceutical and infectious

interstitial flow ]
disease research.

Interstitial
flow
tentiat . . .
poretPates A 3D matrix-based microfluidic
TGF-B/Smad- .
) ) platform was fabricated to
signaling . . -
o pressure 0.1-1 investigate the potentiating effect of
activity in lung 4 .
cancer pump um s IF on exogenous TGF-B-induced
Sy Smad-signaling activity in A549
spheroids in a )
lung cancer spheroids.
3D-
microfluidic

chip
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Methods of

Research realizin Flo
. . lZl, .g W Research contents Ref
article interstitial  rate
flow
Convection
and
extracellular )
e hydrostatic .
matrix binding Finite element models reveal
head 0.5-1 . . . . 3
control ressure ms! interstitial accumulation of high
interstitial P H affinity binding EVs.
heads
transport of
extracellular
vesicles
Extracellul . e e ..
X ace. wat A 3D microfluidic biomimicry,
Matrix- . . _—
. featuring detailed characterization
Derived
. : ~10.7 of hydrogel scaffolds, was
Biophysical . . .
Cues Mediate iette tins 6 and  fabricated to investigate how HA 4
.. PP P 11.18 enhances interstitial flow-mediated
Interstitial m s angiogenic sprouting by altering the
Flow-Induced H 8 g P 8 y 8
Sproutin stiffness and pore size of the
p‘ g‘ collagen ECM.
Angiogenesis
Multil
- ) a}.le%n A multi-layer microfluidic platform
microfluidic .
the was fabricated that enables the
platform for . .
connection  0.15- culture of engineered blood and
the study of o 5
: of separate  0.30  lymphatic microvessels, as well as
luminal, . 4 i
medium pm s the independent control of blood,
transmural, ) ) ) .. i
. .. reservoirs lymphatic flow, and interstitial fluid
and interstitial ressures
flow P '
Interstitial
flow enhances
the formation,
tivit . . .
conhee l.Vl Y the Primary human brain endothelial
and function of . .
. connection  0.005- cells, pericytes, and astrocytes were
3D brain - . . 6
. of separate 10 um  cultured within a 3D fibrin matrix,
microvascular : 4 ) ) . .\
medium S both with and without interstitial
networks . . - .
reservoirs flow, on a microfluidic chip.
generated
within a
microfluidic
device
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Methods of

Research realizin Flow
. . . .g Research contents Ref
article interstitial rate
flow
the

A microfluidic system was
presented that enables the on-chip
differentiation of stem cells into a

A 3D human  connection
adipose tissue  of separate  0.17-

model within a medium 1.08 3D adipose microtissue and 7
microfluidic reservoirs pms!  subsequent analysis of adipocyte
device and pipette function under physiological
tips interstitial flow conditions.
In vivo— ) . .
. Functional islet spheroids were
mimicking : ) . Dl
. 1 fabricated using a microfluidic chip
microfluidic ) 1.54- . . i
. osmotic that incorporates interstitial flow. g
perfusion 5. . . .
pump , This dynamic culture enhances islet
culture of . .
. health and the maintenance of islet
pancreatic islet .
. endothelial cells.
spheroids
Microfluidic
device to . o .
A novel microfluidic device has
control .
) g been developed, which can be
interstitial tilized to i ticate h VDI
. utilized to investigate homotypic
flow-mediated ipette tips 0-40 and heteroty gic cell cellyp ?
homotypic and PP P ms’! SOP :
heterotvic communication patterns in
P biologically relevant 3D
cellular ) )
. microenvironments.
communicatio
n
Mechanotransd A microfluidic platform was
uction of fluid fabricated to investigate the effects
stresses pipette tips el of interstitial fluid stresses imparted ~ 1°
governs 3D

on cells embedded within a
collagen type I hydrogel.

A microfluidic chip that mimics
the cerebrospinal fluid
circulation microenvironment is
. . . ~6.57 proposed to study the migration
This work pipette tips m s’ characteristics of glioblastoma
cells in complex environments
where glioblastoma coexists with
diseases that elevate CSF levels.

cell migration
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Table S2 Comparison of the primary chemical constituents within extracellular
solutions of DMEM, ACSF, and in vivo cerebrospinal fluid

Components DMEM ACSF CSF Notes

CaClz, KCl, NaCl, NaHCOs,

I ic salt + + +
DOTEAMIC Salts NaH2PO4, MgSOu4, etc.
. : L-Arg, L-Cys, L-Leu, L-Met
+ _ _a) H b H gl
Amino Acids L-Glu, L-Val, etc.
o D-Cal, Folic Acid, Riboflavin,
Vitamins + - -

etc.

Cytokines and TNF-a, IL-6, ADA, LDH, LA,
signaling proteins etc.

Phenol red, Sodium pyruvate,

+ - -2
Other HEPES, etc.

Table Footnote: @ The asterisk denotes that only trace amounts of amino acids and
vitamins are found in vivo within CSF.

b The asterisk denotes that only trace amounts of cytokines and signaling proteins are
found in vivo within CSF in healthy individuals.
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Table S3 siRNA sequence targeting FAK and negative control siRNA sequence

Name

Sense Sequence

Antisense sequence

siRNA#1

siRNA#2

Negative
control

5’-GAGAAUCCUGUCUGGA
UAAUU-3’

5’-CCGAUUGGAAACCAAC
AUAUU-3’

5’-ACGCCUACGAUUCUUG
UGAAA-3

5’-UUAUCCAGACAGGAUU
CUCUG-3’

5’-UAUGUUGGUUUCCAAU
CGGAC-3’

5’-UCACAAGAAUCGUAGG
CGUCG-3’
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Table S4 Comparison of on-chip model, CSF simulation, geometrical simulation, IF
rate simulation, human brain choroid plexus simulation, and research content as
described in the published literature

Geo
met IF human
On- CSF brain
chi sim rica  rate choroid R
Research article P 1 sim Research content
mod ulat plexus ef
] sim ulat | .
el ion . simulati
ulat ion
) on
ion
New Neurons
Follow the Flow neuroblast
of Cerebrospinal No No No No No migration parallels !
Fluid in the Adult CSF flow.
Brain
CSF is a key
player in
Human determining tumor
Cerebrospinal growth and
Fluid Modulates invasion through
Pathways No No No No No the activation of 12
Promoting complex gene
Glioblastoma expression patterns
Malignancy characteristic of a
malignant
phenotype.
Cerebrospinal
fluid repl t
o 'rep acemet ShC responded
solutions promote :
neuroelia chemotactically to
- ratf’; BDNF stimuli
beha\g/iorsZH d Yes Yes No No No generated within 13
spinal explant DMEM or EBS
P P . solutions with high
outgrowth in similarity
microfluidic '
culture
A reconstituted
Engineering human brain
choroid plexus-on- choroid plexux on
ajchip with Yes No No Yes Yes microt.lui(?ic chip "
oscillatory flow under in vivo-like
for modeling brain CSF flow
metastasis exhibited a

physiologically
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chip
mod
el

Research article

Geo
met IF
rica rate

human
brain
choroid
plexus
simulati
on

CSF
sim
ulat
ion

Research content
sim ulat
ulat ion
ion

ef

Heterogeneous
Glioma Cell
Invasion Under
Interstitial Flow
Depending on
Their
Differentiation
Status

Yes

This work Yes

relevant tumor-
immune
microenvironment.
The invasion and
protrusion
formation of
glioma initiating
cells (GICs) were
significantly
enhanced by
forward interstitial
flow in
differentiated cell
conditions.

A microfluidic
chip that mimics
the CSF
circulation
microenvironmen
t is fabricated to
study the
migration
characteristics of
glioblastoma cells
in complex
environments
where
glioblastoma
coexists with
diseases that
elevate CSF
levels.

No No Yes No

Yes Yes Yes No

Movie S1 Representative movies of migration dynamics analysis using U87-MG cells

in the control group.

19



Movie S2 Representative movies of migration dynamics analysis using U87-MG cells

in the IF group.
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