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Fig. 7: Altering Physicomechanics & Remodeling Stroma in
Pancreatic Ductal Adenocarcinoma to Therapeutic Advantage

’ Baseline Hyaluronidase = Chemo + HA'dase

PR treatment
=== | HEREREY |

_ T 1 T T T T Lowers IFP Cgfurgo ltl
High

P,> P, and diffusion and P, < P, and diffusion and P, < P, and permanent remodeling
| F P convection limited convection faborable of the tumor microenvironment

collagen

@{,@ ¢

cells

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Provenzano, Paolo P. et al. "Enzymatic targeting of the stroma ablates physical barriers
to treatment of pancreatic ductal adenocarcinoma." Cancer Cell 21, no. 3 (2012): 418-429.

(A) High Interstitial Fluid Pressure — impedes diffusion & convection of chemo drugs.
(B) Enzymatic degradation of stromal HA decreases IFP and relieves physical
constraints on small molecule perfusion. (C) Combined enzymatic + cytotoxic therapy
permanently remodels the tumor microenvironment to favor drug delivery
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Fluid Flow in and across "Bio Porous Media:
Tissues, Gels, Intra- and Extra-cellular space
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Local "nano"interior / exterior flows
vs. "macro” Darcy model
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ELECTROKINETIC PHENOMENA
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Zeta Potential (particle charge) Instruments

Measure “C” — infer "0
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Electrophoresis of individual microtubules
in microchannels PNAS 2007

M. G. L. van den Heuvel, M. P. de Graaff, 5. G. Lemay, and C. Dekker*

a Vv
L D1 Microfluidic

“ 1 um ‘ B channels were
—— — fabricated .....
T 500 um thick fused-
- silica substrates....

Courtesy of National Academy of Sciences. Used with permission.
Source: Van den Heuvel, M. G. L. et al. "Electrophoresis of
individual microtubules in microchannels." Proceedings of the
National Academy of Sciences 104, no. 19 (2007): 7770-7775.

Microfabricated slit-like fluidic channels form an excellent
system to confine and observe the electrophoretic motion
of individual fluorescently labeled biomolecules, such as
microtubules, actin filaments, or virus particles.



http://dx.doi.org/10.1073/pnas.0608316104
http://dx.doi.org/10.1073/pnas.0608316104

Primary Structural Filaments of the
Cytoskeleton

Intermediate
filaments

L,
.r_._._.-:_""

Microfilaments Microtubules

'ﬂ(a _"'?".-'li'liﬂf ﬂrﬂ"’._

.—r\."'ﬂ-\.-.‘_\.L

© Scientific American, Inc. All rights reserved. This content is excluded from our Creative Commons
license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
Source: Ingber, Donald E. "The architecture of life." Scientific American 278, no. 1 (1998): 48-57.
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Electrophoresis of individual microtubules

iIn microchannels

PNAS 2007

M. G. L. van den Heuvel, M. P. de Graaff, S. G. Lemay, and C. Dekker*

Kavli Institute of Nanoscience, Delft University of Technology, Lorentzweqg 1, 2628 CJ, Delft, The Netherlands
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Courtesy of National Academy of Sciences. Used with permission.
Source: Van den Heuvel, M. G. L. et al. "Electrophoresis of
individual microtubules in microchannels." Proceedings of the
National Academy of Sciences 104, no. 19 (2007): 7770-7775.

The electrophoretic mobility of
molecules is a fundamental
property.... In ensemble
measurements, such as gel
electrophoresis or dynamic
light scattering, the differences
between individual molecules
are obscured. Here, individual
microtubules are visible by
fluorescent labeling, and their
electrophoretic motion can be
imaged using fluorescence
microscopy
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Cytoplasmic Electric Fields and Electroosmosis: Possible

Solution for the Paradoxes of the Intracellular Transport
of Biomolecules

Victor P. Andreey 3+

Abstract

Electroosmotic flow might play an important role in the intracellular
transport of biomolecules. The paper presents two mathematical
models describing the role of electroosmosis in the transport of
negatively charged messenger proteins to the negatively charged
nucleus and in the recovery of the fluorescence after photobleaching
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(ion channels +
diffusion potentials)
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Transition to Fully Developed Flow in Channel
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Charged fibers and “pores” in Bio-porous Media:
Tissues, Gels, Intra- and Extra-cellular space
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Tandon, Kirby et al. |Electrophoresis 2008, 29, 1092-1101

Zeta potential and electroosmotic mobility
in microfluidic devices fabricated from
hydrophobic polymers: The origins of charge
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Figure 1. Scheme of the electrical double layer.

© John Wiley & Sons, Inc. All rights reserved. This content is excluded from our Creative Commons
license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.

Source: Tandon, Vishal et al. "Zeta potential and electroosmotic mobility in microfluidic devices fabricated
from hydrophobic polymers: 1. The origins of charge." Electrophoresis 29, no. 5 (2008): 1092-1101.
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Courtesy of National Academy of Sciences. Used with permission.
Source: Van den Heuvel, M. G. L. et al. "Electrophoresis of
individual microtubules in microchannels." Proceedings of the
National Academy of Sciences 104, no. 19 (2007): 7770-7775.
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Tandon, Kirby et al. |Electrophoresis 2008, 29, 1092-1101

Zeta potential and electroosmotic mobility
in microfluidic devices fabricated from
hydrophobic polymers: The origins of charge
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Figure 1. Scheme of the electrical double layer.
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Source: Tandon, Vishal et al. "Zeta potential and electroosmotic mobility in microfluidic devices fabricated
from hydrophobic polymers: 1. The origins of charge." Electrophoresis 29, no. 5 (2008): 1092-1101.
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Electroosmosis: Turn-on Transient
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© Pearson. All rights reserved. This content is excluded from our Creative Commons

license. For more information, see http://ocw.mit.edu/help/fag-fair-use/.
Source: Tikhomolova, K. P. Electro-osmosis. Prentice Hall, 1993.
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