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DEVICES, SYSTEMS, AND METHODS FOR EXCAVATING CANCER CELLS

Cross-Reference to Related Applications

Priority is claims to U.S. Provisional Application No. 61/370,630, filed August 4,

20 10 . The application is incorporated herein by reference.

Background

The present application relates to implantable medical devices, systems, and

methods for treatment of cancer in particular, the presen t application relates to systems

and methods for directing cancer eel! migration in order to remove, relocate or manage

the growth of tumors, including tumors that would otherwise be inoperable or lead to a

recurrence of the tumor.

Medul!oblastomas are highly invasive tumors of the cerebellum and the most

common childhood malignant brain tumor, constituting 20-40% of all pediatric brain

tumors. Treatment of these invasive intracranial brain tumors in children provides

significant challenges thai are further complicated by the confined space and need to

preserve as much non-cancerous, "normal" tissue as possible to avoid long-term cognitive

dysfunction. In such cases surgery is complicated and chemotherapy is prone to -major

side effects because cycototoxic drugs cannot differentially kill invading tumor cells

surrounded by normal cells.

Malignant gliomas also are among the most aggressive and least successfully

treated types of cancer, with few patients surviving longer than a year following diagnosis

This bleak prognosis is largely attributed to the uniquely invasive ability of gliomas cells

to detach from the tumor mass, infiltrate normal brain tissue, evade immunodetection and

resist normally cytotoxic therapies. The invasion of these tumors prevents complete

surgical removal and contributes to recurrence and a rapid, lethal outcome.

Studies have shown that the invasion of malignant gliomas predominantly occurs

along major elongated structures, such as white matter fiber tracts and blood vessels,

which act as highways ' for the spread of these tumors. It is generally believed that the

myelin along the white matter fiber tracts aids with the adhesion and migration of the

glioma cells. In addition, other proteins in the basement membrane have been implicated

in association with migration along the blood vessels.



Accordingly there remains a need to develop an alternative treatment for

meduUobiastomas and other malignancies, such as malignant gliomas.

Brief Description of the Drawings

FIG. 1 is a schematic showing different embodiments of an implantable system

thai includes a substrate with a film of a plurality of aligned nanofibers.

FIG. 1A are scanning electron micrograph images of uniaxiaSly aligned

nanofibers, with the magnified nanofi bers having a scale bar = 1 µm.

FIGS. 2A and 2B are cross-sectional views of a schematic of one embodiment of a

tubular construct having a plurality of aligned nanofibers. FIG. 2A illustrates a tubular

conduit with an aligned nanofiber film conduit while FIG. 2B illustrates a tubular conduit

having a spiral aligned nanofiber film.

FIG. 3 is a perspective view of a schematic of an implantable system having a

tubular conduit with a plurality of aligned nanofibers and a cytotoxic polymeric sink

according to an embodiment.

FIG. 4 is a schematic illustration of a method for treating a patient according to an

embodiment.

FIGS. 5A-5.D are images of tumor ceils seeded on a smooth film (A/B) or an

aligned nanofiber film (C/D) taken 2 hours after seeding (A/C) or 10 days after seeding

(B/D).

FIG. 6 is a graph illustrating the tumor cell migration of cells seeded on aligned

nanofibers as compared to a smooth film.

FIGS. 7.4-7F are bright field and .fluorescent images of tumor cells cultured with a

cyciopamrne conjugated collagen hydrogel 'sink' (A-C) and an apoptotic 'sink' (D-F).

FIGS. 7B and 7E show live tumor cells stained with catcein. FIGS. 7C and 7F show dead

tumor cells stained with ethidium homodimer.

FIG. 8 is a sectioned image of a rat having a single scaffold implanted or three

scaffolds implanted ill ustrating the ability of the scaffolds to promote the directional

migration of the tumor cells through the scaffolds.

Summary

One embodiment of the present description includes an implantable system for

promoting tumor ceil migration for cell reraoval or death. The systera comprises at least



one substrate having a surface configured to prov ide cues for directing tumor ce!i

migration a!ong the substrate surface, the at least one substrate comprising a plurality of

aligned nanofibers. Desirably, the system further comprises at least one cytotoxic agent

for contacting tumor ceils migrated via the at least one substrate.

In another aspect, an implantable device is provided for promoting tumor cell

migration for cell removal or death. The device comprises at least one film having a

surface configured to provide cues for directing tumor ceil migration along the substrate

surface wherein the surface comprises a coating material gradient to effect uni-direclional

or bi-direction growth of cells across the surface.

In still another aspect, a method is provided for guiding tumor movement in vivo.

The method comprises implanting into a tissue site where tumor ceils are present a device

having one or .more surface structures which provide physical guidance cues for directing

the migration of the tumor cells from the first tissue location to a selected second location.

In another aspect a method is provided for treating a patient comprising

implanting at a tissue site in the patient a dev ice comprising a substrate having a surface

configured to provide cues for directing tumor cell migration along the substrate surface,

the substrate comprising a plurality of aligned nanofibers. The method further comprises

subsequently killing or removing tumor cells thai have migrated along the substrate

surface.

Detailed Description

Embodiments of the present description address the above-described needs by

providing implantable devices and systems that offer migratory tumors an alternate,

preferential pathway for migration - a pathway that ultimately leads to their death or

removal. In particular, innovative implantable devices and systems are provided that

advantageously exploit the properties and mechanics of cell motility and migration

characteristic of metastasis to manage growth of malignant tumors, particularly in vasive

malignant brain tumors lire implantable structures beneficially can be used to guide

tumor extraction and tumor movement from one location (such as an inoperable location)

to a secondary location (such as an operable location or cytotoxic sink).

In an embodiment, the implantable device for promoting tumor cell migration

comprises a substrate having a surface configured to provide cues for directing tumor cell

migration along the substrate surface. The implantable device desirably is sized and



shaped so thai it may be imp!anted at or near malignant tumors using minimally invasive

techniques In particular embodiments, the implantable devices provide an attractive

alternative for migrating tumors ceils; promote unidirectional migration of tumors; and

provide a 'sink " to either collect, capture and/or kill the migrating tumor cells. In

particular, the topographical or biochemical cues promote migration of the tumor cells into

the implantable device while minimizing or eliminating diffusion of any such cues,

thereby maintaining the stability of the primary tumor location and mitigating or avoiding

any unintended contributions to tumor migration.

Embodiments of the present description generally comprise a substrate having a

surface configured to provide physical and/or chemical cues for directing (guiding) tumor

eel! migration along the substrate surface in various embodiments, the physical guidance

cues include one or more of substrate topography features, such as grooves, and films

comprised of arrays of nanofiber or niierofiber. such as aligned nanofibers

In addihon to guiding such tumor movement by physical topographical guidance

cues, the methods and devices described herein optionally may be used in combination

with other guidance means, such as electric fields, chemoattractants, and cell seeding that

may serve to modulate or enhance the tumor cell movement or extraction. Such other

guidance means may be known in the art, although not applied in the context of tumor cell

extraction or movement in vivo.

In a particular embodiment, the substrate comprises a plurality of aligned

nanofibers. The plurality of aligned nanofibers may be in the form of a nanofiber film, a

tubular construct, or any other suitable three-dimensional configuration. (See FIG. I ). In

particular embodiments, the plurality of aligned nanofibers are in the form of a single

nanofiber film disposed in a tubular construct. (See FIGS. 1, 2A, ami 2B). Such tubular

constructs may, for example, provide structural support for the nanofiber films.

Altern atively the tubular construct can also contain two or more nanofiber films. The two

or more films may be stacked on top of each other, optionally with a spacer material

therebetween, to provide multiple surfaces on which the tumor cells may migrate. (See

FIG. 1). In still other embodiments, the nanofiber films can be intricately designed such

that one or more of the films can be inserted into the tumor and then converge at points

outside the tumor where the cells migrate, and may be subsequently be removed or killed.



As used herein, the terms "nanofiber" refers to a fiber, strand, fibril, or threadlike

structure having a diameter from about 40 nm to about 1500 nm. As used herein, the term

"nanofilament" is synonymous with "nanofiber." in an embodiment, the nanofibers have a

diameter from about 200 nm to about 1000 am, from about 400 nm to about 1000 nm,

from about 500 to about 800 nm, or from about 600 to about 800 nm.

In one embodiment in which the substrate surface comprises grooves thai provide

the physical cues for tumor ceil migration. For example, the grooves may he dimensioned

to be approximately the same width and approximately the depth, or half the depth, as the

diameter the nanofibers.

As used herein, the term aligned nanofibers" refers to nanofibers having a

uniaxial orientation. As used herem, the term "uniaxial orientation" refers to a collection

of nanofibers where greater than 50% of the nanofibers are oriented within 40° of an axis,

i.e., .±20º of the axis. Importantly, the nanofibers are oriented in the structure over several

millimeters in length, e.g., between 2 and 100 mm. in an embodiment, at least 60%, at

least 75% or at least 85% of the nanofibers are within 20 degrees of the uniaxial

orientation. Such uniaxiaily aligned nanofibers are illustrated in FIG. 1A.

As used herein, the term "implantable device" means that the device is suitable for

use in vivo i.e., by implantation into a patient in need of treatment, for example treatment

of a malignant tumor, such as a medulloblastoma or metastatic glioma. In an embodiment,

the device is used in the treatment of other types of malignances. The implantation site

may be in the brain of the patient.

The nanofibers may be formed from at least one polymer using methods known in

the art. The nanofibers may be composed of synthetic or natural polymers or a mixture of

synthetic and natural polymers. The polymer may be biodegradable or nonbiodegradable

or may include a mixture of biodegradable and non-biodegradable polymers. In particular

embodiments, the nanofibers desirably comprise a biodegradable synthetic po!ymer. For

example, in an embodiment, the polymer is a biocompatible, thermoplastic polymer such

as a polyester or polyamide suitable for use in in vivo applications in humans.

Representative examples of synthetic polymers include poly(hydroxy acids) such

as poly(lactic acid), poly (g!ycolic acid), and poiy(lactic acid-co-glyco!ic acid), poly

(lactide), polyiglyeolide), poly (lactide-co-giycolide), polyanhydrids, poSyorthoesters,

polyamides, polyalkylenes such as polyethylene and polypropylene, polyalkylene glycols



such as poly(ethylene glycol) polyalkylene oxides such as poly(ethylene oxide) polyvinyl

alcohols polyvinyl ethers polyvinyl esters, polyvinylpyrrolidone, poly (vinyl alcohols).

polyCbutyric acid), poly(vaieric acid), and poly(lactide-cocaprolactone), copolymers and

blends thereof. As used herein, "derivatives" include polymers having substitutions,

additions of chemical groups, for example, aikyl, alkylene, hydroxylations, oxidations, and

other modifications routinely made by those skilled in the art. Exemplary biodegradable

polymers include polymers of hydroxy acids such as lactic acid and glycolic acid, and

copolymers with polyethylene glycol (PEG), polyanhydrides, poly(ortho)esters

poly(butyric acid), poly(valeric acid), poly(laclide-co-caprolactone), blends and

copolymers thereof. Desirably, the biodegradable polymer nanofibers include a

po!yicaproiactone), a poly(lactic-co-gly colic acid), a poly (aery lonitrile),or a combination

thereof.

Representative examples of suitable natural polymers include proteins such as

albumin, collagen, gelatin, Matrigel, fibrin, polypeptide or self-assembling peptide-based

hydrogels. and prolamines for example, zein arid polysaccharides such as alginate,

agarose, cellulose and polyliydroxyalkanoates, for example, polyhydroxybuty rale.

The structure of the implantable device may include a film of uniaxially oriented

nanofibers or a plurality of such films in a stack. (FIG. 1). In one embodiment, each Sim

layer is about 10 pm thick. Thicker or thinner layers may also be used; however, the

thickness typically is selected to be one capable of handling and manipulation to stack or

otherwise assemble the implantable device. For example, the film thickness may enable

manual handling, such as to facilitate separation from a mandrel or other (temporary)

substrate on which the nanofibers are electrospun. In embodiments comprising a plurality

of stacked nanofiber films, each layer may be oriented such that the nanofiber orientation

in the stack is essentially the same (e.g., such that the axial direction of all layers is

pointing in substantially the same direction) or such that the nanofiber orientation of each

layer in the stack is offset (e.g., such that the axial direction of each layer is substantially

perpendicular).

Optionally, the stacked structure includes a spacer between some or all of the

layers of uniaxially oriented nanofiber films. The spacer may be water soluble or water

insoluble, porous or non-porous, preferably is biocompatible, and may be

bioerodible/hiodegradabie. The spacer may have a thickness between about 25 and about



800 µτη. In an embodiment, each spacer layer in the stack has a thickness of about 50 to

about 250 pm. in m em bodiment, the spacer includes a hydrogel such as a thermo-

reversible (i.e., temperature responsive) hydrogel. in one embodiment, the structure

consists of alternating layers of oriented nanofibers and layers of a hydrogel or other

spacer. The hydrogel for instance, may he an agarose hydrogel or other hydrogel known

in the art. In oilier embodiments the spacer material may be another gel or gel-like

material, such as polyethylene glycol, agarose, alginate, polyvinyl alcohol, collagen,

Matrigei, chitosan, gelatin, or combination thereof

in an alternative embodiment the uniaxially aligned nanofibers are provided in the

structure in a form other than a plurality of layers. For example, the aligned nanofiber

layers may be evenly spaced throughout the three-dimensional structure or a three-

dimensional structure may be formed by rolling one layer, i.e. a film, of aligned

nanofibers in on itself to form a tubular conduit (e.g., having an inner lumen, illustrated in

FIG. 2A) or tubular scaffold (illustrated m FIG- 2B). The aligned nanofiber layers also

may be engineered in any other suitabie configuration to facilitate surgical implantation or

minimally invasive implantation of the device at a location proximate to the tumor.

The nanofibers structure optionally may be disposed in a secondary structure for

containing, positioning, or securing the uniaxially oriented nanofiber structure, and/or for

further directing or limiting tumor ceil growth. The secondary structure may also aid in

shielding healthy tissues from contact with the migrating tumor cells.

in one embodiment, the secondary structure may be a tubular conduit, in which the

nanofiber film(s) can be contained. This structure desirably also is made of a

biocompatible polymer suitable for use in vivo. The polymer may be biodegradable or

non-biodegradable, or a mixture thereof. In one embodiment, the secondary structure

comprises a polysulfone, polycaprolactone, polyurethatie. or PLGA. in a particular

embodiment, the secondary structure is a tubular conduit made of polysulfone,

polycaprolactone, polyurethane, PLGA, or a combination thereof. The secondary

structure may be substantially .flexible or rigid depending upon its particular performance

needs.

The nanofibers described herein may be made by essentially any technique known

in the art. Desirably the nanofibers are made using an electrospinning technique using

essentially any biocompatible polymer that is amenable to electrospinning. The



eiectrospinniog equipment may include a rotating drum or other adaptation at the collector

end to generate fibers oriented in the millimeter range.

In certain embodiments, the implantable devices provided herein further comprise

biochemical cues to provide cues for directional migration of the tumor cells. For

example, in embodiments the biochemical cue may comprise a coating of the plurality of

uniaxially aligned nanofibers or nanofiber film with one or more bioactive agents capable

of promoting directional migration of the tumor cells. Such coatings may be applied to the

substrate using methods known to those skilled in the art. including, for example, nano-

iiikjet printing.

As used herein, the term "bioactive agent" refers to a molecule thai exerts an effect

on a ceil or tissue. Representative examples of types of bioactive agents incl ude

therapeutics, vitamins, electrolytes, amino acids, peptides, polypeptides, proteins,

carbohydrates, lipids, polysaccharides, nucleic acids, nucleotides, polynucleotides,

glycoproteins, lipoproteins, glycolipids, glyeosaminoglyeans, proteoglycans, growth

factors, differentiation factors, hormones, neurotransmitters, prostaglandins,

immunoglobulins, cytokines, and antigens. Various combination of these molecules can be

used. Examples of cytokines include macrophage derived chemokines, macrophage

inflammatory proteins inter!eukins, tumor necrosis factors. Examples of proteins include

fibrous proteins (e.g., collagen, eiastin) and adhesion proteins (e.g.. actin, fibrin,

fibrinogen, fibronectin, vitronectin, laminin, cadherins. selectins , intracellular adhesion

molecules, and integrins). In various cases, the bioactive agent may be selected from

fibronectin, laminin, thrombospondin, tenascin C, leptin, leukemia inhibitory factors. ROD

peptides, antiTNFs, endostatin, angioslatin, thronibospondin, osteogenic protein- L bone

morphogenic proteins, osteonectin, somaiomedin-like peptide, osteocalcin, interferons,

and interleukins.

I n particular embodiments, the bioactive agent comprises proteins, small molecules

or biopolymers which have migration-promoting effects. Non-limiting examples of such

bioactive agents include myelin or basement membrane proteins, such as laminin,

collagen, and Mairigei. in embodiments, the bioactive agent comprises different proteins

and molecules that are attractive to various tumor cells in other aspects, the bioactive

agent comprises charged elements such as polyiysine or biopolymers. such as chitosan,

capable of promoting migration of tumor ceils away from the tumor in a directed manner.



in embodiments, the above-described biochemical cues may be applied to the

plurality of nanofibers uniformly or in a gradient. Such gradients may be increasing or

decreasing in the concentration or mass of the bioactive agent per given area. (See FIG.

4). in certain embodiments, the gradient aids in promoting one-directionai migration of

the tumor cells. In another embodiment, the gradient promotes bi-directional migration of

cells. For instance, the gradient may comprise a higher concentration in one direction and

a lower concentration in another direction to promote migration of two different cell types

in opposite directions. Such bi-directional promoting gradients could limit tumor cell

migration in one direction along the plurality of nanofibers away from the tumor site,

while promoting migration of other ceil types to the tumor site. Not wishing to be bound

by any theory, it is believed that by migration of non-tumor cells to the tumor site, such as

ceils that elicit immune system sensiti vity in tumors, could function to direct a natural

immune response to the tumors In certain embodiments, the immune-promoting cells

could be genetically altered to remove the immune privilege status of the tumor.

Although the foregoing embodiments describe the preferred use of nanofibers,

those skilled in the art should appreciate that the embodiments of the implantable devices

provided herein aiso may be prepared using other types of materials engineered to promote

directional migration of the tumor ceils. Thus in particular embodiments non-nanofiber

based substrates may be used to induce migration of tumor cells in a desired direction to a

desired location. For example, gradients of bioactive agents can be created in other

materials, such as hydrogels and polymeric films, along with other directional cues that

may or may not be based on topographical guidance of cells from the tumor to a region

where the ceils may be killed or removed.

The implantable devices desirably further comprise a cytotoxic agent. The

cytotoxic agent may be tethered or conjugated directly to the plurality of nanofibers or a

polymeric sink\ (See FIG, 3).

As used herein "xycoioxic agenC means an apoptosis-inducing drug capable of

inducing programmed cell death of tumor cells in embodiments the cytotoxic agent can

be specific to a mutated signaling pathway that caused the tumor growth in other

embodiments, the cytotoxic agent can be a drug that is cytotoxic to any ceils but winch the

conjugation of the prevents healthy normal cells from being affected. In various

examples the cytotoxic agent may include cyclopamine, honokiol, furegrelate,



doxorubicin, or a combination thereof in one embodiment, the cytotoxic agent comprises

cyciopamine, which inhibits the over-expressed Sonic Hedgehog pathway (i.e.. a type of

mutated signaling pathway). Other cytotoxic agents are also envisioned.

As used herein the polymeric "sink' describes a portion of the implantable device

designed to receive tumor cells at a targeted secondary location remote from the primary

tumor. As illustrated in FIG. 3. ihe polymeric sink desirably is disposed at, adjacent or

about a second end of the plurality of nanofibers distal to a first end of ihe plurality of

nanofibers, the first end of the plurality of nanofibers being positioned into or substantially

adjacent to at least a portion of the tumor. For example, a first end of the plurality of

nanofibers may be disposed into or substantially adjacent to a tumor that is disposed m an

inoperable area by using a caiheter without risking the life of the patient. The plurality of

nanofibers directs tumor migration to the polymeric sink' , which is placed in a more

accessible region for removal or surgical resection. Non-limiting examples of materials

suitable for use as the polymeric sink include various polymeric and biopolymeric thin

fi lms including PAN-MA, PVA, PMMA, chitosan, laminin, collagen, etc., orhydrogels,

such as agarose, Matrigel, Neuroge!, collagen chitosan, or a composite of various

hydrogels. in particular embodiments, the polymeric sink is disposed in a pouch made of

a biocompatible material (e.g., thai will not induce an immune response). Non-limiting

examples of the pouch material include Teflon. The sink may be in communication with

one or a plurality of implanted devi ces One example of this is illustrated in FIG. 4

Hie implantable devices provided herein desirably are quite durable and are

capable of maintaining their integrity and topography upon implantation into a patient in

need. Desirably, the implantable devices are sized and shaped such that they may be

implanted using minimally invasive techniques. For example, in particular embodiments,

a large-gauge needle, catheter or trochar can be used to deploy the implantable device

within the tumor with minimal disruption to the surrounding tissue. Alternatively, the

implantable device may be implanted in an open surgical procedure.

The tumor ceils that migrate to a secondary location from the primary tumor site

by means of the implantable device may be dealt with using various methodologies. For

example, in embodiments surgical resection can be used to remove the tumor cells from

the secondary location which is more accessible than the primary tumor site. In other

embodiments, a cytotoxic agent can be used in ihe polymeric sink to kill the tumor cells



without requiring removal of the tumor cells. Thus, embodiments of the present

description provide a novel and innovative method for treating malignancies, particularly

those malignancies that are inoperable or inaccessi ble to deli very of cytotoxic agents.

The present description may be further understood with reference to tire following

non-limiting examples.

Examples

In Vitro Experiments

Fabrication and Characterization of Aligned Nanofiber Filmsfor Tumor Cell Migration

Slow degrading nanofibers films were fabricated from a poly(caprolactone) (PCL)

polymer using a electrospinniiig processes known to those skilled in the art. 'The nanofiber

films were coated with the extraceliular matrix protein laminin, to promote ceil migration.

Larmnin has been shown to be in higher concentration at the periphery of the tumor core,

suggesting that the protein may have a significant role in tumor cell migration.

To determine the effect of the topographical cues provided by the aligned

nanofibers on tumor cell migration, an experiment was conducted to compare tumor ceil

migration on aligned nanofibers films to smooth fi lms The results, illustrated in FIGS. 5-

6, demonstrate that the aligned nanofiber films promoted significantly higher tumor cell

migration as compared to the smooth films as evidenced by the distance of migration.

(FIG. 5 : tumor ceils imaged 2 hours alter seeding on a smooth film (A), tumor cells

imaged 10 days after seeding on a smooth film (B), tumor cells imaged 2 hours after

seecing on aligned nanofibers (C), and tumor cells imaged 10 days after seeding on

aligned nanofibers (D); FICi, 6 . qualitative analysis of tumor cell migration on the

aligned nanofibers as compared to smooth film).

Fabrication and Characterization of Apopiotic HydrogelSink

The smoothened inhibitor cyclopamine. was evaluated to determine the effective

drug concentration required to induce apoptosis in tumor cells. The viability of the tumors

cells was measured at different concentrations of cyclopamine. Ilea! thy cells (e.g.,

neurons and glia) were not affected by exposure to the drug. However, the results

suggested that the collagen hydrogel scaffold should be conjugated with 30 uM of

cyclopamine.

A nanofiber film having a cytotoxic sink was prepared by conjugating the

cyclopamine to the backbone of a collagen hydrogel. A crosslinker N,N'-



carbonyldiimidazole was used to link the hydroxy] group on the cyciopamine with an

amine group on the collagen. To verify whether ihe cyciopamine was conjugated to the

collagen hydrogel. C 13 NMR was performed. Three conditions, cyciopamine,

cyciopamine conjugated to collagen, and cyciopamine and collagen scaffold without the

crosslinker were analyzed using C 13 NMR. A third condition was included to determine if

indeed the cyciopamine was tethered to the hydrogel rather than entrapped by the

collagen. Cyciopamine has four carbons that are involved in double bonds, which appear

between 150 and 120 ppnv The four peaks for the four carbons in the double bonds in

cyciopamine were present in the cyciopamine only spectra and in cyciopamine tethered to

collagen; however, ihe peaks were absent when cyciopamine was mixed with the collagen

hydrogel.

Tumor cells were cultured within the cyciopamine conjugated collagen hydrogel

sink to determine whether the bioactivity of cyciopamine was diminished and if the ceils

underwent apoptosis. As illustrated in FIG. 7, bright field and floureseent images of the

cells clearly underwent apoptosis when they were cultured in the apoptoiic sink (D-F) as

compared to a cyciopamine conjugated collagen hydrogel sink (A-C). (bright field images

(A/D), live tumor cells stained with calcein (B/E). dead tumor cells stained with ethidium

horaodimer (C/F)). Notably, the number of dead cells in the cyciopamine conjugated

collagen hydrogels was higher than the number of dead cells in the collagen only

hydrogels.

Based on the foregoing in vitro experiments, ii was determined that the tumor cells

did indeed migrate further with topographical cues and that an apoptosis inducing sink

may be effective to kill the tumor cells. Accordingly, preliminary in vivo experiments

were conducted to evaluate the effectiveness of embodiments of the implantable scaffolds

described herein at promoting directed tumor cell migration.

In Vivo Experiments

24 Rowett Nude Rats were inoculated with U87mg -GFP cells, which is a human

glioblastoma cell line. Seven days after the animals were inoculated with the tumor cells,

5 mm scaffolds were implanted into the brain near the tumor site. Hie tumors were

inoculated 2 mm deep from the surface of the brain. The conduits were implanted 1.5 mm

from the surface of the brain.



The scaffolds comprised a conduit, made of 10% polycaprolactone (PCX) and

polyurethane. Within the conduit PCL aligned nanofibers were inserted. Either a single

scaffold or three scaffolds were implanted into the rats. The animals were perfused when

they displayed symptoms from the tumors. From Day 16 to Day 18 afier inoculation, the

rats were perfused and the brains were dissected out with the scaffold. The scaffolds and

brains were sectioned in a transverse orientation obtaining 50 µιτι sections. The sections

were imaged after they had been sectioned. The tumor cells were visible due to their GFP

expression. As illustrated in FIG. 8, the scaffolds were effective at promoting the

directional migration of the tumor cells through the scaffolds.

Publications cited herein and the materials for which they are cited are specifically

incorporated by reference. Modifications and variations of the methods and devices

described herein will he obvious to those skilled in the art from the foregoing detailed

description. Such modifications and variations are intended to come within the scope of

the appended claims.



Claims

1. An implantable system for promoting tumor ceil migration for cell removal or death, the

system comprising:

at least one substrate having a surface confi gured to provide cues for directing

tumor cell migration along the substrate surface, the at least one substrate comprising a

plurality of aligned nanofi bers; and

at least one cytotoxic agent for contacting tumor cells migrated via the at least one

substrate.

2 . The system of claim 1, wherein the plurality of aligned nanofibers form a tubular

construct

3 . The system of claim 1, wherein the plurality of aligned nanofibers are disposed in a

tubular construct

4 . The system of claim 3, wherein the tubular construct comprises an annular tube formed

from a po!ycaproiactone, a polyurethane, or a combination thereof.

5 . The system of claim L wherein the at ieast one cytotoxic agent is tethered or conjugated

to at least a portion of the plurality of aligned nanofibers.

6 . The system of claim 1, wherein the at least one cytotoxic agent is tethered or conjugated

to a polymeric sink material

7. The system of claim 6, wherein the polymeric sink material comprises a hydrogel

8. The system of claim L wherein the cytotoxic agent comprises eyclopamine, honokioi,

furegreiate, doxorubicin, or a combination thereof

9 . The system of claim 1 wherein all or a portion of the at least one substrate comprises one

or more biochemical cues to facilitate uni -directional tumor cell migration



10. The system of claim L wherein the plurality of nanoiibers comprises a coating selected

from the group consisting of extracellular matrix proteins, growth factors, cytokines,

peptides, and combinations thereof

11. The system of claim 10, wherein the coating is disposed uniformly along the length of the

plurality of aligned nanofibers.

12. The system of claim 10, wherein the coating is disposed in a concentration gradient along

the length of the plurality of aligned nanoiibers from a first end of the plurality of aligned

nanofibers to a second end of the plurality of aligned nanofibers, the second end being

distal to the first end.

13. The system of claim 12, wherein the concentration gradient is effective to promote uni¬

directional migration of tumor ceils.

14. The system of claim 12, wherein the concentration gradient is effective to promote bi¬

directional migration of non-tumor cells.

15. The system of claim 1, wherein the nanoiibers comprise a synthetic polymer.

16. The system of any one of claims 9 to 15, wherein the nanofiber films comprise a coating

of myelin or a basement membrane protein.

17 . The system of claim 16, wherein the nanofiber films comprise a !aminin coating.

18. The system of claim i . wherein the nanofibers have a diameter in the range of about 400

nm to about 800 urn .

19. The system of claim 1, wherein the plurality of nanofibers are in the form of a nanofiber

film having a . thickness in the range of 5 microns to 20 microns.



20. The system of any one of claim 1to 19, wherein the plurality of aligned nanofibers are

synthetic polymeric fibers having a diameter from 600 n.m to 800 nm, which are coated

with an extracellular matrix protein having a concentration gradient along the length of

the fi bers

2 1. The system of claim 20, wherein the cytotoxic agent comprises collagen hydroge!

eovalently coupled to an apoptotic triggering agent.

22. The system of claim 21, wherein the hydroge! is at least partially encased in a cell-

impermcable pouch.

23. An implantable device for promoting tumor ceil migration for ceM removal or death, the

device comprising:

at least one film having a surface configured to provide cues for directing tumor

ceil migration along the substrate surface, wherein the surface comprises a coating

material gradient to effect uni -directional or bi-direct)on growth of ce!is across the

surface.

24. The device of claim 23, further comprising a cytotoxic agent positioned for contacting

tumor cells migrated via the surface.

30. A method for guiding tumor movement in vivo, comprising:

implanting into a tissue site where tumor cells are present a device having one or

more surface structures which provide physical guidance cues for directing the migration

of the tumor ceils from the first tissue location to a selected second location.

3 1 The method of claim 30, wherein the surface structure comprises nanofibers or grooves



The method of claim 30 or 31, further comprising applying another guidance means at

the tissue implantation site, wherein the guidance means comprises an electric field, one

or more biochemical cue, or ceil seeding, and works in combination with the physical

guidance cues of the surface structure to direct migration of the tumor cells to the

selected second location.

The method of claim 30 or 31, wherein the surface structure comprises a plurality of

aligned nanofibers having a diameter from 400 am to 800 nm, which are coated with an

extracellular matrix protein.

The method of any one of claims 30 to 33, wherein the tumor cells comprise

Medulloblastoma ceils or malignant glioma cells

A method for treating a patient comprising:

implanting at a tissue site in the patient a device comprising a substrate having a

surface configured to provide cues for directing tumor cell migration along the substrate

siiiface, the substrate comprising a plurality of aligned nanofibers; and subsequently

killing or removing tumor cells that have migrated along the substrate surface.

The method of claim 35, wherein the tissue site comprises a tumor or a void of a resected

tumor.

The method of claim 35, further comprising contacting tumor cells thai have migrated

along at least a portion of the substrate with a cytotoxic agent.

The method of claim 37, wherein the cytotoxic agent is part of the implanted device.

The method of claim any one of claims 35 to 38, wherein tumor cells are relocated from a

first region to a second region from a primary tumor via the implantable device before the

tumor cells are killed or removed.
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