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FIGURE 7A-7D

28 day Glucose Sensor Function in untreated normal C57B/6 mice
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FIGURE 7E-7H

28 day Glucose Sensor Function in saline injected normal C57B/6 mice
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FIGURE 7I-7L

28 day Glucose Sensor Function in Adv-LacZ adenovirus injected C578/6
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FIGURE 7M-7P

28 day Glucose Sensor Function in Adv-VEGFa adenovirus injected

C57B/6 mice
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FIGURE 8

Bloud Vessel MARD trend analysis at Sensor Implantation Sites from Normal, Saline
Injected; Adv-tacZ Injected, and Adv-YEGEa fnjected
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FIGURE 9

Blood Vessel Density Boxplot at Sensor implantation Sites from Nosmal, Saline
injected, Adv-LacZ Injected, and Adv-VEGFs Injected.
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FIGURE 10
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FIGURE 12
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Relative contribution of percent area as hlood vessel (o improvement in
average Mean Absclute

Ristology of Back Total mean | Week 1 mean Cumulatiye 2§ Cumulative 3 § Cumulative 4
i MARD dat MARD dat weeks mean | weeks mean | wesks mean
tesue ok 2 1 MARDdata | MARDdata | MARD data
MARD/% area bv {B) ~7.661 -2.537 5,538 ~7.922 8120
Standard Eeroc {SE) 2.754 3.23% 3.282 3.018 277%
Significance {p} p= 0,013 p=0.442 p=0,111 p=3.018 5 =0.005
Correlation (8 313 .035 151 401 404




U.S. Patent Sep. 10, 2019 Sheet 17 of 55 US 10,405,961 B2

FIGURE 138

Histology of Back Tissue

Ratio #/mm? LV/BV 1.063
Standard Error 250
Significance 0.0001
R? 328
Sample Size 39
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Relative ontribution of percent area as fymph vessel to improvement in-average
Mesan Absolute Relative Difference (MARD) values for all data combined {total) and cuniulative
aneg, two, three, and four waeks

Histology of Back Total mean Week 1 mean Cumulative 2 Cumulative 3 Cu#nulame IS
Tissue MARD data MARD dasa weaks mean | weelks mean | weeks mean
MARD data MARD diatas WARD tata
MARD% area v {i) -3.674 0.781 2,388 3435 4,291
Standacd Ecror (58] 15 1.94% 1803 1.84% 1.704
Significance {p) 00463 06856 0.2264 0.0801 0.0237
Correlation (R 203 5808 DB 169 297
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FIGURE 13D

Relative contribution of percent aves as blood or lymph vessel to improvement in
average Mean Absolute Relative Difference [MARD) values for all data combined {total) ang
cumulative ong, two, three, and four weeks

Total Woeelc i . . Cumulative
Cumdative 2 | Cumdative 3
. - mean mean _ 4 weeks
Histology of Rack Tissus weeks mean | weeks mean
MARD | MARD |\ iamDdata | MARD data mean
data data MARD data
MARD/% area be (B) 8,360 <7.08¢ 5,522 7837 ~7.134
Standard Error {SE) 4.156 4.638 5.388 4.938 4.743
MARD/% area Iv (B) -1.047 |  3.665 ~013 0163 1,279
Standard Error {5E) 2.455 2739 3.084 2.838 2566
Significance {p) 0.0455 0.3213 0.2926 0.0681 0.0297
Correlation {R?%) 320 .132 451 301 .39%
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Matrigel coating of Abbott Navigator sensor tip

Fig. 14A Fig.14B Fig.14C
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FIGURE 15

In Vitro Response of Glucose Sensor to Matrigel Coating

Without Matrigel
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FIGURE 16
Fig. 16A
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FIGURE 17

GFP adenovirus functional after drying

GFP-Adeno Collagen + Matrigel +
(GFP-AD) GFP-AD GFP-AD
o Dryl} l(gwli (lD rv!l
Add cells Add cells Add cells

Fig. 174 Fig. 17C

Fig. 178 Fig. 17D Fig. 17F
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FIGURE 18

Functionality of Air-Dried Adenovector-Matrigel Coatings

GFP-Adenc + Matrigel > Coat Sensor > “Dry” > Cells

S denotes sensor; M denotes Matrigel
Fig. 18A

Functionality of Air-Dried Adenovector-Collagen Coatings

GFP-Adeno + Collagen > Coat Sensor > “Dry” > Cells

S denotes sensor

Fig. 18B
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FIGURE 19
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FIGURE 21

In Vitro expression of hHGF in BM-ECP cells

¥ Buffer

5 GFP-Adv

b G E-Adw

# hCar-Adv+hHEF-Ady

ﬁ&,
o

jos
223

ok
&

Expression [ng/mi]
& N

human HGF
-




U.S. Patent Sep. 10, 2019 Sheet 28 of 55 US 10,405,961 B2

FIGURE 22

In Vitro Expression of hVEGF in Human A375 cells +/-
PR39
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FIGURE 23

HCAR Adenovirus plus P39 Adenovirus Enhances Angiogenic Factor
Expression in Mouse Fat Cells

Figure 23A. mVEGF Expression Induced by mVEGF-
AdV in Fat Cells
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Figure 23B, mVEGF Expression induced by PR-39-AdVin
Fat cells
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Figure 23C. mVEGF Expression induced by hCAR AdV
plus PR-39 AdV in Fat Cells
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List of Angiogenic Factors and Aniogenesis Related-Proteins

Activin A FGF-7/KGF PD-ECGF
ADAMTS-1 GDNF PDGF-AA
Angiogenin GM-CSF PDGF-AB/PDGF-BB
Angiopoietin-1 HB-EGF Persephin
Angiopoietin-2 HGF CXCLA/PF4
Angiostatin/Plasminogen IGFBP-1 P/GF
Amphiregulin IGFBP-2 Prolactin

Artemin IGFBP-3 Serpin B5/Maspin
Tissue Factor/Factor i IL-1 beta Serpin E1/PAI-1
CXCL 16 CXCL8/IL-8 Serpin F1/PEDF
DPPIV/CD26 LAP (TGF-beta 1) TIMP-1

EGF Leptin TiMP-4

EG-VEGF ccL2/mMcep-1 Thrombospondin-1

Endoglin/CD105

CCL3/MIP-1 alpha

Thrombospondin-2

Endostatin/Collagen XVIIi MMP-8 uPA
Endothelin-1 MMP-9 Vasohibin
FGF acidic NRG1-beta 1 VEGF

FGF basic Pentraxin3 VEGF-C

FGF-4
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Figure 27 Glucose Sensors with collars and sleeves with no

additives
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Figure 28 Glucose Sensors with anti-microbial and or TRMs.

Contalning collars and sleeves
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FIGURE 29
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Figure 30 Glucose sensor
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Figure 31. Glucose Sensor with collars

Containing anti-microbial agents and or TRMs
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FIGURE 32. cannula with collars alone or containing, anti-microbial agents
and or TRMs

Anti-Microbial Topical Catheter Collars {AMTCC)
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Figure 33 insulin infusion set with no collars
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Figure 34 insulin infusion set with collar
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FIGURE 35
Collar

uncoated
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FIGURE 36
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FIGURE 38
Dialysis protocol for basement membrane (BM)

preparations

Contents of commercial basement membrane preparations:
Basement membrane (10-20 mg / ml)
Media (DMEM or RPMI1640: >10-15mg/ml of salts, glucose, amino
acids)
Liquid (water)

¥

Dialysis of BM in 2000M.W. cut off dialysis membrane for 24 hr.
(1/25 dilution) at 4C

@

Second Dialysis of BM in 2000M.W. cut off dialysis membrane for 24
hr. (1/25 dilution) at 4C

-

Final Dialysis dilution of BM 1/625: 0.016 to 0.024 mg/ml salts,
glucose, amino acids

-

Use this dialyzed BM for coating devices
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FIGURE 39
Typical formulation of DMEM and RPMI1640

From Sigma Chemical Co.
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FIGURE 40

In vitro evaluation of pre and post dialyzed basement
membrane (BM): crystal formation upon dryving

Fig. 40a Fig. 40B Fig. 40C

st nd
No dialysis After 1 dialysis After 2 dialysis step
nd
Pre-dialysis BM: crystal 1St Post-dialysis BM: no crystal 2 Post-dialysis BM: no crystal
formation formation formation
After drying (24hr. After drying (24hr. 37C) After drying (24hr. 37C)

1. White arrows indicate area of crystal formation (red circle)
as well as lack of crystal formation (C.)

2. Yellow arrows designate edge of dried protein layer (BM
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FIGURE 41

In vivo evaluation of pre and post dialyzed basement membrane (BM): tissue
reaction in mouse skin

Pre-dialysis BM

* = Sensor, B = BM; = inflammation * 2 Sensor, B =BM; I=inflammation

Glucose sensor coated with Pre-dialysis BM Glucose sensor coated with Post-dialysis BM
and drying (24hr. 37C) Followed by and drying (24hr. 37C) Followed by implantation
implantation in subcutaneous tissue of mouse in subcutaneous tissue of mouse followed
followed by histopathologic evaluation (H&E) by histopathologic evaluation (H&E)

Results: tissue injury and inflammation with Results: little tissue injury or inflammation with
extensive degradation of the basement little degradation of the basement membrane
membrane




U.S. Patent Sep. 10, 2019 Sheet 48 of 55 US 10,405,961 B2

ssiEass 210 226
— 214 224
S 212 222
Figure 42 Figure 43
_ 240
230
248
< 236 246
244
234 242
o 232
Figure 44
% 250
N — 256
TS \ 254
Figure 46



U.S. Patent Sep. 10, 2019 Sheet 49 of 55 US 10,405,961 B2

Figure 47

Fig. 47A Fig. 47B Fig. 47C Fig. 47D

Fig. 47F

Fig. 471 Fig. 47) Fig. 47K Fig. 471
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FIGURE 48

Cumulative Average Croselinked and BanCross-linked Cultrex C0-1 and C0-1 Upateol
Mean MARD by Week
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FIGURE 49

Trend Analysis of First Week Abbott Sensor MARDs, Coated
with Non-Cross-linked Cultrex and Cross-linked Cultrex along with
Uncoated Control CD-1 Mice
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FIGURE 51

Characterization of the presence and distribution of
macrophages at glucose sensor sites in vivo

’ @fﬁ @fﬁ

EEMEOR

HBEMSOR »
Bl s

Fig. 576G Fig. 51H



U.S. Patent  sep.1

0,2019

Sheet 54 of 55

US 10,405,961 B2

FIGURE 52
mean MARD data ' | All weeks
student f-test and Mann-Whitney | Day 7 | Day 14 | Day 21 | Day 28
. together
U-test Comparisons
Cultrex CD-1 vs CD-1 Control 0.0768 | 0.0058 0.0303 | 0.1774 0.0114
X-Cultrex CD-1 vs Cultrex CD-1 0.0014 | 0.0000 0.0001 | 0.0148 0.0000
X-Cultrex CD-1 vs CD-1 Control 0.0000 | 0.0000 0.0000 | 0.0004 0.0000
ANOVA and K-W tests for all 3 groups | 0.0000 | 0.0000 | 0.0000 | 0.0022 0.0000
FIGURE 53
Total CD-1 Control Cultrex CD-1 X-Cuitrex CD-1
M ARDmdeat: average mean average mean average mean
student ti t MARD-20.52 +/- | MARD-16.70 MARD- 10.59
udent t-tes 6.58% n=39 | +-5.29% n=34 | +/- 2.94% n=26

CD-1 Control
average mean

MARD- 16.70+/-
5.89% n=34

MARD-20.52 +/- 0.0114 0.0000
6.58% n=39
Cultrex CD-1

average mean o 0.0000

X-Cultrex CD-1

average mean

MARD- 10.594/-
2.94% n=26
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COATED SURGICAL MESH, AND
CORRESPONDING SYSTEMS AND
METHODS

STATEMENT WITH REGARD TO FEDERAL
SPONSORED RESEARCH & DEVELOPMENT

Some of the embodiments described herein may have
been made with Government support under Grants awarded
by the National Institute of Health. The Government may
have certain rights in the described embodiments.

RELATED APPLICATIONS

This application claims priority from co-pending Interna-
tional Application No. PCT/US15/49718 filed Sep. 11, 2015,
U.S. application Ser. No. 14/485,313 filed Sep. 12, 2014,
and U.S. application Ser. No. 13/828,854 filed Mar. 14,
2013.

BACKGROUND

The embodiments disclosed herein generally relate to
implantable devices and more particularly to systems and
methods for improving performance of implantable devices.

The performance and accuracy of transcutaneous and
implantable sensors is believed to be affected by biofouling,
tissue reactions at or near the site of the sensor, and
reduction of analyte access due to inflammation, blood
vessel regression and fibrous encapsulation. In addition to
causing problems with sensor function, tissue reactions and
sensitivities due to the presence of transcutaneous and
totally implantable sensors can cause discomfort to a user,
and can lead to inflammation and infection.

In diabetic patients, determination and effective manage-
ment of blood glucose levels is critical to minimizing
diabetes related complications. Traditionally finger sticking
and external monitors coupled with insulin injections have
been used to manage blood glucose levels in patients with
diabetes, but because of the need for frequent “finger sticks”,
many patients with diabetes do not adequately monitor their
blood glucose levels. More recently, the development of
implantable glucose sensors to continuously monitor blood
glucose levels (CGM) and continuous insulin infusion (sub-
cutaneous insulin infusion, SCII) have significantly
enhanced the management of blood glucose levels in
patients with diabetes. Current glucose sensors used in CGM
limits the need for frequent blood analysis and provides
significantly enhanced insights into the dynamic nature of
blood glucose changes in patients with diabetes. Unfortu-
nately, current commercial sensors have a limited functional
lifespan in vivo (3-7 days).

When CGM and SCII are combined in a single patient,
but under the supervision of the patient, it is referred to as
an open loop system. When the implanted glucose sensor
(i.e. CGM) controls insulin infusion (i.e. SCII) without the
intervention of the patient this is referred to as a “closed
loop” system or artificial pancreas. Development of an
artificial pancreas (i.e. closed-loop technology) to clinically
manage diabetes is a major goal of the diabetes community.
Recently, there have been an increasing number of success
stories of short-term closed-loop clinical trials.

Central to the goal of the development of long-term
closed loop technology is the development of a long-term
glucose sensor with high accuracy that can effectively
control insulin infusion (SCII). Because of questions of in
vivo reliability and limited lifespan of current commercial
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sensors effectiveness in both open and closed loop systems
1s limited. Much of the lack of sensor performance in vivo
is thought to be the result of sensor induced inflammation,
fibrosis and fibrosis-induced vessel regression at the site of
sensor implantation. It has often been argued that the loss of
blood vessels proximal to the sensor (i.e. fibrosis induced
vessel regression) at the sensor implantation site is a major
cause of the loss of effective CGM in open and closed loop
systems.

Two of the major problems associated with the uses of
prosthetic meshes are 1) their propensity to induce chronic
inflammation and excessive fibrosis, with resulting loss of
mesh pliability and mechanical integrity, increased stiffness
at the site of the implantation, and 2) post mesh implantation
infections. Frequently the result of poor mesh biocompat-
ibility is excessive inflammation and subsequent fibrosis.
This can result in limited tissue mobility of the groin and
abdominal wall and chronic pain and loss of mobility for the
patient. It is generally accepted that foreign body reactions
(FBRs) characterized by chronic inflammation, giant cell
formation, fibrosis (collagen plates) and vessel regression
result in loss of mesh function via mesh contraction and
mesh distortion (e.g. loss of functional pore size), as well as
mesh calcification. Clearly, improving the biocompatibility
of the mesh implants (i.e. decreasing inflammation and
fibrosis) and mesh biostability, given the susceptibility of
PET to enzymatic & hydrolytic degradation is anticipated to
result in improved mesh function by decreasing mesh dis-
tortion, calcification and loss of mechanical integrity that are
all too commonly associated with mesh-based reconstruc-
tive surgeries.

In addition to biocompatibility, infection associated with
mesh implantation frequently compromise mesh function
and dramatically impact a patient’s daily life. The timeframe
for mesh related infections range from 10 days post implan-
tation (short term) up to several years post mesh implanta-
tion (long term infections). Mesh infections increase pain
and discomfort, hospital stay, healing/recovery time, cost,
morbidity, mortality, and may require additional surgery to
remove device.

It would be useful to develop products, systems and
methods that maintain acceptable performance over longer
periods of time, and that reduce tissue reactions and sensi-
tivities at or near the implantation site.

SUMMARY

One embodiment disclosed herein is a surgical mesh with
a layer of dehydrated basement membrane formed thereon.

Another embodiment is a method comprising obtaining a
surgical mesh, placing basement membrane in the form of a
liquid or gel on the surgical mesh, and dehydrating the
basement membrane. In embodiments, the basement mem-
brane has cells, factors, or other additives incorporated
therein.

Another embodiment is a method of extending the lifes-
pan of an implantable device that is implanted in biological
tissue, comprising bonding vascular endothelial growth fac-
tor to fibronectin, adding the fibronectin to a liquid or gel
comprising extracellular matrix, and coating the implantable
device with the extracellular matrix containing fibronectin
and vascular endothelial growth factor.

A further embodiment is a method of promoting biocom-
patibility of a surgical mesh with surrounding tissue, com-
prising forming a coating comprising basement membrane
comprising adenovirus vectors containing VEGF gene on
the surface of the surgical mesh.
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One embodiment disclosed herein is an analyte sensor
having a sensing end with dehydrated basement membrane
formed thereon.

Another embodiment is a method comprising obtaining a
sensor, placing basement membrane in the form of a liquid
or gel on the sensor, and dehydrating the basement mem-
brane on the sensor.

A further embodiment is a method of increasing the
sensing lifespan of a glucose sensor in a mammal by at least
10 days, comprising injecting adenovirus vectors containing
VEGF gene in the tissue proximate the site of sensor tip
implantation.

Another embodiment is a method of extending the lifes-
pan of an implantable device that is implanted in biological
tissue, comprising bonding vascular endothelial growth fac-
tor to fibronectin, adding the fibronectin to a liquid or gel
comprising extracellular matrix, and coating the implantable
device with the extracellular matrix containing fibronectin
and vascular endothelial growth factor.

Yet another embodiment is an implantable device includ-
ing at least one member selected from the group consisting
of sensors, cannulas and surgical mesh, the device having an
implantable portion with a coating of dehydrated extracel-
lular matrix formed thereon.

One embodiment disclosed herein is an implantable
device with a layer of dehydrated basement membrane
formed thereon, the basement membrane layer comprising at
least one member selected from the group consisting of
sleeve-shaped coatings for cannulas, collars for cannulas,
and collars for sensors.

Another embodiment disclosed herein is an implantable
device having a collar configured to be disposed at an
interface between tissue and the implantable device, the
collar being formed from an extracellular matrix. [n embodi-
ments, the extracellular matrix is dehydrated prior to
implantation and rehydrated after implantation.

Another embodiment is a method comprising obtaining
an implantable device including at least one member
selected from the group consisting of cannulas and sensors,
placing basement membrane in the form of a liquid or gel on
the cannula or sensor to form at least one of a sleeve and a
collar, and dehydrating the basement membrane on the
cannula or collar. In embodiments, the basement membrane
has cells, factors, or other additives incorporated therein.

A further embodiment is a method of increasing by at least
10 days the lifespan of an implantable device comprising at
least one member selected from the group consisting of
cannulas and sensors inserted in a mammal, comprising
forming an extracellular matrix coating around a portion of
the implantable device in the form of a sleeve or a collar, the
coating comprising dehydrated extracellular matrix which is
rehydrated after implantation, the extracellular matrix hav-
ing cells and/or factors attached thereto using fibronectin.

Another embodiment is a method of extending the lifes-
pan of an implantable device that is implanted in biological
tissue, comprising bonding vascular endothelial growth fac-
tor to fibronectin, adding the fibronectin to a liquid or gel
comprising extracellular matrix, and coating the implantable
device with the extracellular matrix containing fibronectin
and vascular endothelial growth factor.

A further embodiment is a method of increasing the
lifespan of an implantable device comprising at least one
member selected from the group consisting of cannulas and
sensors in a mammal, comprising forming a coating on the
cannula or sensor in the shape of a sleeve and/or a collar, the
coating comprising basement membrane comprising adeno-
virus vectors containing VEGF gene.
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Yet another embodiment is analyte sensor having a sens-
ing element and a support element, at least one of the sensing
element and support element having a dehydrated modified
basement membrane preparation formed thereon.

A further embodiment is a method comprising obtaining
a basement membrane preparation containing basement
membrane and at least one member selected from the group
consisting of salts, glucose, individual amino acids, and
vitamins and removing at least a portion of at least one of the
salts, glucose, individual amino acids and vitamins from the
basement membrane to form a modified basement mem-
brane preparation.

The method further includes obtaining a sensor, placing
the modified basement membrane preparation in the form of
a liquid or gel on the sensor, and dehydrating the modified
basement membrane preparation on the sensor.
Crosslinked Basement Membrane or Extracellular Matrix

An embodiment disclosed herein is an implantable
device, the implantable device having a coating of cross-
linked basement membrane formed thereon.

In embodiments, the implantable device is a sensor. In
embodiments, the sensor has a sensing end, and the base-
ment membrane is formed on the sensing end.

Another embodiment is a method comprising obtaining
an implantable device, placing basement membrane in the
form of a liquid or gel on the implantable device, and then
dehydrating and crosslinking the basement membrane. In
embodiments, the implantable device is a sensor.

Yet another embodiment is an implantable device includ-
ing at least one member selected from the group consisting
of sensors, cannulas and surgical mesh, the device having an
implantable portion with a coating of crosslinked extracel-
lular matrix formed thereon.

Another embodiment disclosed herein is an implantable
device with a layer of crosslinked basement membrane
formed thereon, the basement membrane layer comprising at
least one member selected from the group consisting of
sleeve-shaped coatings cannulas, collars for cannulas, and
collars for sensors.

Another embodiment disclosed herein is an implantable
device having a collar configured to be disposed at an
interface between tissue and the implantable device, the
collar being formed from an extracellular matrix. In embodi-
ments, the extracellular matrix is crosslinked and dehydrated
prior to implantation, and rehydrated and after implantation.

Another embodiment is a method comprising obtaining
an implantable device including at least one member
selected from the group consisting of cannulas and sensors,
placing basement membrane in the form of a liquid or gel on
the cannula or sensor to form at least one of a sleeve and a
collar, and dehydrating and crosslinking the basement mem-
brane on the cannula or collar. In embodiments, the base-
ment membrane has cells, factors, or other additives incor-
porated therein.

A further embodiment is a method of increasing the
lifespan of an implantable device comprising at least one
member selected from the group consisting of cannulas and
sensors inserted in a mammal, comprising forming cross-
linked extracellular matrix coating around a portion of the
implantable device in the form of a sleeve or a collar, the
coating comprising dehydrated extracellular matrix which is
rehydrated after implantation, the extracellular matrix hav-
ing cells and/or factors attached thereto using fibronectin. In
embodiments, the implantable device has a lifespan of at
least 28 days. In embodiments, the device is a sensor, and the
coated sensor is more accurate than the uncoated sensors,
and more accurate than the sensors that are coated with
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non-crosslinked basement membrane, for the first day, and
for the first seven days, of sensor use.

Yet another embodiment disclosed herein is a surgical
mesh with a layer of crosslinked basement membrane
formed thereon.

Another embodiment is a method comprising obtaining a
surgical mesh, placing basement membrane in the form of a
liquid or gel on the surgical mesh, and crosslinking the
basement membrane. In embodiments, the basement mem-
brane has cells, factors, or other additives incorporated
therein.

A further embodiment is analyte sensor having a sensing
element and a support element, at least one of the sensing
element and support elements having a cross-linked base-
ment membrane preparation formed thereon.

A further embodiment is a method comprising obtaining
a basement membrane preparation containing basement
membrane and at least one member selected from the group
consisting of salts, glucose, individual amino acids, and
vitamins and removing at least a portion of at least one of the
salts, glucose, individual amino acids and vitamins from the
basement membrane to form a modified basement mem-
brane preparation. The method further includes obtaining a
sensor, placing the modified basement membrane prepara-
tion in the form of a liquid or gel on the sensor, and
dehydrating and crosslinking the modified basement mem-
brane preparation on the sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a transdermal sensor according to a first
embodiment.

FIG. 2 shows a totally implantable sensor according to a
second embodiment.

FIG. 3 is a flow chart showing a method according to one
embodiment described herein.

FIG. 4 is a flow chart showing a method according to
another embodiment described herein.

FIG. 5 shows photographs of a sensor at various stages of
the coating process including coating, drying, re-hydrating
and final drying.

FIGS. 6A-6D illustrates a method of injecting adenovirus
vectors containing VEGF gene in accordance with a first
embodiment. FIG. 6A shows the arrangement of the mouse,
sensor, commutator, potentiostat, DAS and laptop. FIG. 6B
shows injection of material post sensor implantation. FIG.
6C and FIG. 6D show the mouse post sensor implantation.

FIGS. 7A-7P are representative example graphs for the
various treatment groups showing continuous glucose sens-
ing (CGS) current for a period of 28 days in mice having
adenovirus vectors containing mouse VEGF proximate the
site of sensor implantation, as compared to three types of
controls. FIGS. 7A-7D show the results for four non-
injected control mice. FIGS. 7E-7H show the results for four
saline injected mice. FIGS. 7I-7L show the results for four
mice injected with Adv-LacZ adenovirus. FIGS. 7M-7P
show the results for four mice injected with Adv-VEGFa
adenovirus.

FIG. 8 is a line graph showing Mean Absolute Relative
Difference calculations for the data shown in FIG. 7.

FIG. 9 is a boxplot of blood vessel density as measured by
percent area and treatment group for no injection, saline
injection, Adv-LacZ and Adv-VEGFa injection.

FIG. 10 is a Table of statistical analyses of the total
MARD data for all treatment groups.
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FIG. 11 is a boxplot of lymphatic vessel density and blood
vessel density as measured by percent area and treatment
groups for all the treatment groups.

FIG. 12 is a graph correlating blood vessel density and
lymph vessel density for all treatment groups.

FIG. 13A is a table showing the relative contribution of
blood vessel density to glucose sensor function.

FIG. 13B is a table showing a statistical comparison of
lymphatic and blood vessel counts per square millimeter.

FIG. 13C is a table showing the contribution of Iymph
vessel density to glucose sensor function.

FIG. 13D is a table showing the contribution of both
blood and lymph vessel density to glucose sensor function.

FIGS. 14A-14C are a set of photographs showing the 1)
coating, 2) dehydration and 3) rehydration steps for coating
a sensor with basement membrane. FIG. 14A shows a sensor
with original Matrigel thereon. FIG. 14B shows dehydrated
Matrigel and FIG. 14C shows rehydrated Matrigel.

FIGS. 15A and 15B are graphs depicting an in vitro
demonstration that coating glucose sensors with basement
membrane does not reduce glucose sensor function when
compared to non-coated sensors. FIG. 15A shows a test with
no Matrigel and FIG. 15B shows the results when a Matrigel
coating is used.

FIGS. 16A and 16B are graphs showing that basement
membrane coated sensors perform better (less variation in
sensor response in nA) and longer in vivo when compared
to non-coated sensors. FIG. 16A shows a test with no
Matrigel and FIG. 16B shows the results when a Matrigel
coating is used.

FIGS. 17A-17F are photographs showing that viral vec-
tors used in gene transfer are protected from drying induced
loss of function when encapsulated in ECM such as collagen
or basement membrane when compared to viral vectors
dried without matrices. FIGS. 17A, 17C and 17E are bright
field photographs showing A375 cells. FIGS. 17B, 17D and
17E show the A375 cells when viewed under fluorescence
microscopy.

FIGS. 18A and 18B are sets of photographs showing that
when viral vectors are incorporated into ECM such as
basement membrane that is coated on glucose sensors, dried,
and then rehydrated, the ECM protects the viral vectors from
loss of function. FIG. 18A shows a sensor coated with a
GFP-adenovector-Matrigel coating. FIG. 18B shows a sen-
sor coated with a GFP-adenovector-collagen coating.

FIGS. 19A-19D show that when using a transgenic mouse
that expresses hCAR receptors (receptor for adenoviral
vectors) on the surfaces of cells, these cells can be infected
with efficiency when compared to wild type cells that lack
the hCAR receptor, thus supporting the uses of hCAR
transfections to enhance local gene transfer at sites of
medical device implantation. FIGS. 19A and 19B show
spleen cells from hCAR mice injected with GFP adenovirus.
FIGS. 19C and 19D show that spleen cells from control
(C57BL/T) mice could not be infected.

FIGS. 20A-20F are photographs showing that transfection
of normal cells with hCAR adenovirus is not toxic to the
recipient cells. Thus supporting the uses of hCAR or CAR
gene therapy to enhance future infection by adenovirus viral
vectors carrying various genes, which can control tissue
reactions at sites of medical device implantation. FIG. 20B
shows non-infected cells. FIG. 20D shows cells infected
with GFP-Adv. FIG. 20F shows cells infected with GFP-
Adv and then hCAR-Adv. FIGS. 20A, 20C and 20E are the
brightfield controls to FIGS. 20B, 20D and 20F respectively.

FIG. 21 is a graph showing that in vitro pretreatment of
cells with hCAR followed by subsequent infections of these
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cells by other viral vectors (green fluorescent protein (GFP)
or hepatocyte growth factor (HGF) dramatically increases
expression of GFP and HGF when compared to cells not
pre-treated with hCAR.

FIG. 22 is a graph showing that in vitro cells pretreated
with the adenoviral vector for PR-39, which selectively
induce enhanced expression of endothelial cell vascular
growth factor (VEGF) expression in human A375 cells. This
PR-39 induction of VEGF would induce increased vascular
networks at sites of medical device implantation.

FIGS. 23A-23C are graphs depicting an in vitro demon-
stration that using hCAR and PR-39 in combination induces
a greater VEGF expression in mouse fat cells then if used
individually. FIG. 23A shows mVEGF expression induced
by mVEGF-ADV in fat cells. FIG. 23B shows mVEGF
expression induced by PR-39-ADV in fat cells. FIG. 23C
shows mVEGF expression induced by hCAR ADV plus
PR-39 ADV in fat cells.

FIG. 24 shows a list of angiogenic factors and related
proteins that could be used as recombinant proteins or be
used as genes in local gene therapy or in combination to
enhance vascular networks surrounding implanted medical
devices.

FIG. 25 depicts embodiments using fibronectin as a
crosslinking agent for ECM in vitro and in vivo as well as
demonstrating possible sites on the fibronectin molecule for
binding of tissue response modifiers including cytokines/
chemokines, growth factors and inhibitors of inflammation
and fibrosis, as well as associated methods to link these
agents to the fibronectin.

FIG. 26 shows an embodiment of dry and hydrated ECM
based collars and sleeves (+/-anti-microbial and or TRMs)
incorporated into the ECM on a glucose sensor. FIG. 26A
shows an uncoated sensor assembly. FIG. 26B shows the
sensor in tissue. FIG. 26C shows a sensor assembly that
includes an antimicrobial collar and/or a coating containing
a tissue response modified disposed between the collar and
the sensing element. FIG. 26D shows rehydration of the
collar and coating.

FIG. 27 shows an embodiment of a method for creating
ECM collars and sleeves on a glucose sensor for use in
implantation into a mammal.

FIG. 28 shows an embodiment incorporating anti-micro-
bial agents and tissue response modifiers into ECM based
collars and sleeves for use on a glucose sensor.

FIG. 29 shows an embodiment of tissue reactions induced
by tissue response modifiers incorporated into ECM collars
and sleeves when implanted into a mammal.

FIG. 30 shows an embodiment with tissue reactions
induced by multiple tissue response modifiers incorporated
into ECM collars and sleeves when implanted into a mam-
mal.

FIG. 31 shows an embodiment of a design of an extended
collar for use in the dermis and subcutaneous tissue of a
transcutaneous device i.e. glucose sensor.

FIG. 32 shows an embodiment of ECM based collar for
uses on a cannula or catheter with and without incorporation
of anti-microbial agents and tissue response modifiers and
its use in mammalian skin.

FIG. 33 shows an embodiment of an infusion set with
transcutaneously inserted cannula but without ECM based
collars or sleeves.

FIG. 34 shows an embodiment of an infusion set with a
transcutaneously inserted cannula with ECM based collar
between cannula and skin.
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FIG. 35 depicts a demonstration of methods to create a
multi-ECM layered collar for an insulin infusion cannula
using multiple coating, dehydration and rehydration steps/
methods.

FIG. 36 depicts a demonstration of methods to create a
multi-ECM layered cannula sleeve for an insulin infusion
cannula using multiple coating, dehydration and rehydration
steps/methods.

FIG. 37 depicts a demonstration of method to create a
surgical mesh having a multi-ECM layered coating thereon
that is applied using multiple coating, dehydration and
rehydration steps/methods.

FIG. 38 is a flow chart showing one embodiment for
preparing a modified basement membrane preparation.

FIG. 39 shows formulations of two types of media used
in making basement membrane products sold commercially.

FIG. 40 is a set of photos showing salt crystals in
dehydrated basement membrane. FIG. 40A shows salt crys-
tals after drying when no dialysis is used. FIG. 40B shows
salt crystals after drying when a single dialysis step is used.
FIG. 40C shows a lack of salt crystals after drying when two
dialysis steps are used.

FIG. 41 includes photos showing the effect of pre-dia-
lyzed and post-dialyzed basement membrane on tissue sur-
rounding implanted sensors. FIGS. 41A and 41B show
pre-dialysis basement membrane at 10x and 20x magnifi-
cation, respectively. FIGS. 41C and 41D show post-dialysis
basement membrane at 10x and 20x magnification, respec-
tively.

FIG. 42 schematically shows an implant with a coating
formed from crosslinked basement membrane.

FIG. 43 schematically shows an implant with a multi-
layer coating in which the inner layer is formed from
crosslinked basement membrane and the outer layer is
formed from basement membrane that is not crosslinked.

FIG. 44 schematically shows an implant with a multi-
layer coating in which the inner layer is formed from a drug
release system and the outer layer is formed from cross-
linked basement membrane.

FIG. 45 schematically shows an implant with a multi-
layer coating in which the inner layer is formed form a drug
release system, the intermediate layer is formed from cross-
linked basement membrane, and the outer layer is formed
from basement membrane that is not crosslinked.

FIG. 46 schematically shows an implant with a coating
formed from crosslinked basement membrane, in which the
crosslinked basement membrane supports one or more fac-
tors, natural fibers, and/or synthetic fibers.

FIG. 47 illustrates a process for dehydrating and cross-
linking basement membrane on an implantable device.
FIGS. 47A-47C show mounting of a glucose sensor and
application of dialyzed basement membrane. FIG. 47D
shows the dried basement membrane on the sensor. FIGS.
47E and 47F show application of dialyzed basement mem-
brane to the other side of the sensor, followed by drying.
FIG. 47G, FIG. 47H and FIG. 471 show removal of the
sensor from the liner, dipping and drying. FIG. 47], FIG.
47K and FIG. 471 showing dipping and drying of the coated
Sensor.

FIG. 48 is a graph showing average mean MARD over
time for sensors coated with crosslinked basement mem-
brane and sensors coated with basement membrane that is
not crosslinked.

FIG. 49 is a graph showing average mean MARD over
time for sensors coated with crosslinked basement mem-
brane, sensors coated with basement membrane that is not
crosslinked, and uncoated control sensors during the first 7
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days post sensor implantation in a mouse model of continu-
ous glucose monitoring (CGM).

FIG. 50 is a set of histo-pathologic photomicrographs
showing samples from Example 16 at 7 days post implant,
14 days post implant, 21 days post implant and 28 days post
implant. FIG. 50A, FIG. 508, FIG. 50C and FIG. 50D show
uncoated sensors. FIG. 50E, FIG. 50F, FIG. 50G and FIG.
50H show sensors coated with non-crosslinked basement
membrane. FIG. 501, FIG. 50], FIG. 50K and FIG. 50L show
sensors coated with crosslinked basement membrane at 20x
magnification. FIG. 50M, FIG. 50N, FIG. 500 and FIG. 50P
show sensors coated with crosslinked basement membrane
at 40x magnification. FIG. 50Q, FIG. 50R, FIG. 50S and
FIG. 50T show sensors coated with crosslinked basement
membrane at 10x magnification.

FIG. 51 is a set of immuno-histologic photomicrographs
showing the presence and distribution of macrophages at the
site of glucose sensor implantation. FIG. 51A, FIG. 51B,
FIG. 51C and FIG. 51D show uncoated sensors. FIG. 51E
and FIG. 51F show sensors coated with uncrosslinked
basement membrane. FIG. 51G and FIG. 51H show sensors
coated with crosslinked basement membrane.

FIG. 52 is a table showing mean MARD data for statis-
tical analysis of Mean Mards sensor performance between
different test groups. The values in the individual boxes are
p values for statistical significance between each comparison
at 7, 14, 21 and 28 days post sensor implantation.

FIG. 53 is a table showing total MARD data for com-
parison of statistical significance between the selected
groups of mice implanted with glucose sensors.

FIG. 54 is a photomicrograph showing vessel formation
after a 2 month term of sensor implantation.

DETAILED DESCRIPTION

Based on work described herein, the applicant believes
that both fibrosis itself and fibrosis-induced vessel regres-
sion work synergistically to limit effective CGM in vivo.
Specifically, fibrosis not only induces blood vessel regres-
sion at sites of sensor implantation but fibrosis is also known
to slow glucose diffusion between the blood vessel and the
implanted glucose sensor. This fibrosis based inhibition of
glucose diffusion results in the loss of “real time” blood
glucose measurements because of the element of time delay.

In the past, efforts to overcome fibrosis and vessel regres-
sion in injured tissues such as ischemic hearts and limbs
have focused on the uses of recombinant angiogenic factors
(AF) and genes (e.g. VEGF) to induce tissue regeneration.
Although local delivery of recombinant AF such as VEGF
can cause neovascularization of the tissue, the ceasing of AF
delivery generally results in vessel regression and loss of
tissue viability. This limitation of recombinant AF has
spurred efforts to utilize local AF gene therapy to create and
sustain vascular networks at sites of tissue injury and
ischemia. Although there has been significant discussion
related to the importance of neovascularization in sensor
function, in actuality there have only been limited sensor
studies to demonstrate its effect. In all the cases known to the
applicant, the issue of vessel regression with the ceasing of
VEGF delivery remains a major problem with this approach.

Embodiments described herein utilize a murine model of
CGM and adenovirus based local gene therapy over a 28 day
time period, and show that local gene therapy using VEGFa
adenoviruses can induce significant angiogenesis and neo-
vascularization at sensor implantation sites and thereby
significantly extend glucose sensor life spans in VIVO.
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A new and effective way of applying coatings to sensors
1s also described herein. In the past, biological coatings were
applied in liquid or gel form at the time they were to be used.
In embodiments described herein, one or more coatings are
applied to the sensors and then dehydrated. The sensors can
then be packaged in sterile packaging for shipping. The
sensors are implanted with dehydrated coatings present
thereon. The coatings will become rehydrated due to the
presence of liquid in the surrounding tissue after they have
been implanted.

In embodiments, a final hydration step is added before
implantation to remove salts that have accumulated as a
result of the multiple layering/coating of the sensor. This
high salt might be toxic if the coated implantable device was
implanted directly into the tissue (salt comes, for example,
from the Matrigel buffers, which are important to stabilize
the Matrigel in its liquid form).

Additionally, this rehydration step can also be used to
incorporate additional factors into the Matrigel such as
angiogenic factors, drugs, antimicrobials. This can be impor-
tant if the factors tend to be libel (be effected by temperature
or repeated drying).

Definitions

The general meaning of the following terms as used in the
present application, unless specifically modified, are: “Nor-
mal Cells™: biological cells derived from living organisms,
and/or tissues, which retain a normal genotype and pheno-
type, usually obtained directly from tissue or from primary
culture. “Mutant Cells”: biological cells with spontaneously
altered genotype and phenotype, such as cancer cells, cell
derived from naturally occurring genetically deficient organ-
isms, usually obtained in secondary culture and or continu-
ous cell lines. “Engineered Cells”: genetically or chemically
modified biological cells (usual original source is Normal or
Mutant cells). “Transgenic Cells”: biological cells derived
from transgenic animals, in which the cells have genetically
induced alterations of genotype and or phenotype. “Gene
Transfer Cells”: biological cells that have altered phenotype
resulting in alteration of cell structure and or function. This
includes knockouts, knockdowns, “over-expressors” etc.
“Chemically Modified Cells”: biological cells in which
membrane, cytoplasm structural or enucleolar elements of
the cell are altered permanently or for extended periods, thus
altering cell structure and or function. “Artificial Cells™:
biological cells lacking the ability to replicate but capable of
sensing and responding to their microenvironment. For
example enucleated cells, or cells lacking a nucleus (e.g. red
blood cells), in which genetic elements such as DNA, RNA,
viral vectors, nanodevices or nanomaterials can be incorpo-
rated for in vivo uses. “Hybrid Cells™: biological cells that
are the result of cells fusion, and or combinations of engi-
neered and or artificial cells. “Matrix material”: complex
heterogeneous networks of insoluble macromolecules such
as glycoproteins, carbohydrates, structural proteins (e.g.
collagen), as well as bound proteins and factors. These
matrices contain specific binding sites for cells, factors (e.g.
cytokines and growth factors) and proteins, which directly
control cell adhesion and function in vivo and in vitro.
“Biological Matrices™: matrices obtained from organisms,
tissues, or cell. Examples of biological matrices include
interstitial matrices, basement membrane, fibrin clots. Inter-
stitial matrices are generally composed of fibrillar and
nonfibrillar collagen, elastin, fibronectin proteoglycans,
hyuronate, as well as other components. Basement mem-
branes are composed of nonfibrillar collagen (usually 1V),
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laminin, heparin sulfate, proteoglycan, and other glycopro-
teins. Fibrin clots are complex networks of plasma proteins
including fibrin(ogen), fibronectin, glycoproteins, heparin,
thrombin collagen, as well as other plasma proteins cross-
linked to the fibrin clots via Factor XIII. Additionally, fibrin
clots have extensive binding sites for various factors and
cells including leukocytes, fibroblasts and endothelial cells.
“Engineered Matrices™: genetically and or chemically modi-
fied biological matrices. “Hybrid matrices™: combinations of
biological, engineered and or artificial matrices. In addition,
the meaning of various abbreviations as used within the
present application, unless specifically modified, include ES,
embryonic stem cell; MSC, mesenchymal stem cell; MAPC,
multipotent adult progenitor cell; HSC, hematopoietic stem
cell; NSC, neural stem cell; NPC, neural progenitor cell;
MDSC, muscle-derived stem cell; ECM, extracellular
matrix; EGF, epidermal growth factor; LIF, leukemia inhibi-
tory factor; SCF, stem cell factor; HGE, hepatocyte growth
factor; PDGF, platelet-derived growth factor; VEGF, vascu-
lar endothelial growth factor; BMP, bone morphogenetic
protein; BDNF, brain-derived neurotrophic factor; NT, neu-
rotrophin; CNTEF, ciliary neurotrophic factor; bFGF, basic
fibroblast growth factor; TGF-, transforming growth fac-
tor-beta; IL, interleukin; G-CSF, granulocyte-colony stimu-
lating factor; GM-CSF, granulocyte-macrophage colony
stimulating factor; IGF, insulin-like growth factor; RA,
retinoic acid; and FBS, fetal bovine serum.

As used herein, “extracellular matrix” (ECM) means
biological matrices produced by cells, which can create 3D
complexes. Examples include, basement membranes, colla-
gens, fibrin etc. As used herein, “artificial tissue system
(ATS)” is a combination of extracellular matrices as well as
other additives and cells that can be coated on the surface of
an implantable device to enhance the biocompatibility of the
device and its performance. “Sensor response” is the raw
output in nano-amperes (nA) of a sensor in vivo or in vitro.
“Loss of sensor response” is defined as not correlating with
previously measured glucose values, e.g. when the same
glucose level is present while at the same time the output in
nA consistently falls over time, or when glucose levels
increase but the sensor does not detect this increase. “Loss
of sensor function” as used herein refers to a fall in sensor
output (nA) over time with a non-changing glucose level.

In the context of glucose sensors, “sensor sensitivity” is
measured as nano-Amps per milli-mole of glucose or nano-
Amps per mg of analyte (such as glucose) per deciliter. The
mM glucose or dLL glucose level is derived from an external
meter, using blood from a finger prick, to make the glucose
determination. The sensor output and external monitor mea-
surements are made at the same time. Loss of sensor
sensitivity can be expressed as the ratio between the change
in sensor response in nA divided by the change in blood
analyte concentration in mM. See Klueh U, Kreutzer, D,
“Murine model of implantable glucose sensors: a novel
model for glucose sensor development.” Diabetes Technol.
Ther. 2005, 7:727-737, the contents of which are incorpo-
rated by reference herein in their entirety.

“Sensor lifespan” refers to the time, in days or hours, that
sensor output and sensitivity are adequate to allow detection
of whether or not the analyte levels in an organism are
acceptable. In a glucose sensor, the lifespan is a time that
sensor output is adequate to detect whether blood glucose
levels are normal glycemic, hypoglycemic, or hyperglyce-
mic.

As used herein, “dehydrated biological matrix™ refers to
dried, solid biological matrix. “Dehydrated basement mem-
brane” refers to dried, solid basement membrane.
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As used herein, “cell culture derived basement mem-
brane” refers to basement membrane, which is extracted
(solubilized) from in vitro cell cultures containing mamma-
lian cells. As used herein, “tissue derived basement mem-
brane” refers to basement membrane, which is isolated/
extracted from animal tissues such as intestines. As used
herein “solubilized basement membrane” means any soluble
basement membrane obtained from cells in culture or mam-
malian tissue. As used herein, “liquid basement membrane”
refers to basement membrane which is fluid basement mem-
brane which exists in many cases at temperatures at 4° C. or
below whereas gel basement membrane will start to form
above 10 Deg. C. and will gel rapidly at 22-35 Deg. C.

As used herein, “lymphangiogenesis” refers to the for-
mation of new lymphatic vessels. “Angiogenesis” refers to
the formation of new blood vessels.

As used herein, “viral gene therapy” refers to the insertion
of gene-containing viruses into a host. The virus produces a
continuing supply of the gene product. “Recombinant pro-
tein” are proteins that are normally produced in vitro and
then purified and then subsequently injected or delivered to
a host tissue or vascular.

As used herein “cannula”, refers to an elongated tube
configured for delivery of a liquid, such as saline or a
pharmaceutical product. A catheter is a type of a cannula. As
used herein, “collar” refers to a three dimensional, annular
device configured to surround an elongated cannula, sensor,
or other device to the surface of tissue such as skin tissue.
The collar usually is positioned between the device and the
skin layer.

As used herein, “modified basement membrane prepara-
tion” means a basement membrane solution or gel from
which the small molecular weight components have been
removed, including but not necessarily limited to salts,
glucose, individual amino acids and vitamins. “Modified
extracellular matrix preparation” as used herein means an
extracellular matrix solution or gel from which the small
molecular weight components have been removed, includ-
ing but not necessarily limited to salts, glucose, individual
amino acids and vitamins.

As used herein, “crosslinked basement membrane” means
a basement membrane in the form of a gel or solid in which
the basement membrane is crosslinked with a crosslinking
agent that induces covalent bonding within the basement
membrane preparations. In embodiments, the crosslinking
agent is biocompatible at the concentrations in which it is
used.

List of a First Set of Product Embodiments
Described Herein

1. In one embodiment, the coated sensor, which has not
vet been inserted in a user, has an outer coating of
dehydrated extracellular matrix (ECM) formed
thereon, such as basement membrane.

2. In another embodiment, the coated sensor, which has
not yet been inserted into a user, has a coating of
dehydrated basement membrane formed therein, with
additives incorporated therein (protein and non-protein
substances such as factors (drug), cytokines, and anti-
bodies).

3. In another embodiment, the coated sensor has multi-
layer coatings, including a first coating of an extracel-
lular matrix followed by a second coating of the same
or a different extracellular matrix.

4. In another embodiment, the ECM coated sensors,
which is a transdermal or totally implantable sensor,
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has been implanted and the basement membrane has
been rehydrated in the tissue following implantation. In
embodiments, the body’s own fluids rehydrate the
membrane.

5. In yet another embodiment, a system (kit) that includes
at least one extracellular matrix, a device to apply the
ECM to the implant and a protocol for using the kit to
coat the implant with at least one layer of ECM as well
as a specific drying and hydrating method described.

A First Set of Disclosed Method Embodiments

In yet another embodiment, a method of making (coating)
a sensor is described in which basement membrane in the
form of a liquid or gel is applied to a sensor and dehydrated
at ambient temperature. The basement membrane is later
rehydrated before or after the sensor is inserted in a user.

In a further embodiment, the method of making a sensor
is described in which basement membrane in the form of a
liquid is applied to a sensor at 4° C. and dehydrated at a
temperature in the range of 4 Deg. C. The basement mem-
brane is later rehydrated after the sensor is inserted in a user.

Another embodiment is a method of making a sensor in
which a coating is applied, before as a coating or “insertion
pocket” and/or after insertion in a user, which promotes
lymphangiogenesis. The coating comprises at least one
extracellular matrix and at least lymphangiogenesis factor
such as VEGF-C.

List of a Second Set of Product Embodiments
Described Herein

—_

. In one embodiment, the coated cannula, which has not
vet been inserted in a user, has an outer coating of
dehydrated basement membrane.

2. In another embodiment, the coated cannula, which has
not yet been inserted into a user, has a coating of
dehydrated basement membrane formed therein, with
additives incorporated therein (protein and non-protein
substances such as factors (drug), cytokines, antibod-
ies).

3. In another embodiment, the coated cannula has multi-
layer coatings, including a first coating of an extracel-
lular matrix followed by a second coating of the same
or a different extracellular matrix.

4. In another embodiment, the ECM coated cannulas,
which may be affiliated with a transcutaneous or totally
implantable sensor, has been implanted and the base-
ment membrane has been rehydrated in the tissue
following implantation.

5. In a further embodiment, a collar for a sensor or other
implantable device is itself made out of extracellular
matrix material such as basement membrane. The col-
lar may be formed of one layer, or multiple layers.
Multi-layer collars can have layers that are formed
from different ECMs and/or contain different additives.

6. In yet another embodiment, a system (kit) that includes
at least one extracellular matrix, a device to apply the
ECM to the implant and a protocol for using the kit to
coat the implant with at least one layer of ECM as well
as a specific drying and hydrating method described.

7. Cannulas used herein can be employed in conjunction
with an infusion device, such as an insulin pump. An
infusion pump infuses fluids, medication or nutrients
into a patient’s circulatory system. It is generally used
in subcutaneous, intravenously, arterial and epidural
infusions
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A Second Set of Disclosed Method Embodiments

In yet another embodiment, a method of making (coating)
a cannula is described in which basement membrane in the
form of a liquid or gel is applied to a cannula and dehydrated
at ambient temperature. The basement membrane is later
rehydrated before or after the cannula is inserted in a user.

In a further embodiment, the method of making a cannula
or collar is described in which basement membrane in the
form of a liquid is applied to a sensor at 4° C. and dehydrated
at a temperature in the range of 4 Deg. C. The basement
membrane is later rehydrated after the cannula or collar is
inserted in a user.

Another embodiment is a method of making a cannula or
collar in which a coating is applied, before as a coating or
“insertion pocket” and/or after insertion of the cannula or
collar in a user, which promotes lymphangiogenesis. The
coating comprises at least one extracellular matrix and at
least lymphangiogenesis factor such as VEGF-C.

List of a Third Set of Product Embodiments
Described Herein

8. In one embodiment, the coated cannula, which has not
yet been inserted in a user, has an outer coating of
dehydrated basement membrane.

9. In another embodiment, the coated cannula, which has
not yet been inserted into a user, has a coating of
dehydrated basement membrane formed therein, with
additives incorporated therein (protein and non-protein
substances such as factors (drug), cytokines, antibod-
ies).

10. In another embodiment, the coated cannula has mul-
tilayer coatings, including a first coating of an extra-
cellular matrix followed by a second coating of the
same or a different extracellular matrix.

11. In another embodiment, the ECM coated cannulas,
which may be affiliated with a transcutaneous or totally
implantable sensor, has been implanted and the base-
ment membrane has been rehydrated in the tissue
following implantation.

12. In a further embodiment, a collar for a sensor or other
implantable device is itself made out of extracellular
matrix material such as basement membrane. The col-
lar may be formed of one layer, or multiple layers.
Multi-layer collars can have layers that are formed
from different ECMs and/or contain different additives.

13. In yet another embodiment, a system (kit) that
includes at least one extracellular matrix, a device to
apply the ECM to the implant and a protocol for using
the kit to coat the implant with at least one layer of
ECM as well as a specific drying and hydrating method
described.

14. Cannulas used herein can be employed in conjunction
with an infusion device, such as an insulin pump. An
infusion pump infuses fluids, medication or nutrients
into a patient’s circulatory system. It is generally used
in subcutaneous, intravenously, arterial and epidural
infusions.

15. In a further embodiment, a surgical mesh is coated
with one or more layers of ECM, with the mesh being
dehydrated after each layer is applied. Additives can be
incorporated into the ECM, including protein and non-
protein substances such as factors (drug), cytokines,
antibodies.

A Third Set of Disclosed Method Embodiments

In yet another embodiment, a method of making (coating)
a cannula is described in which basement membrane in the
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form of a liquid or gel is applied to a cannula and dehydrated
at ambient temperature. The basement membrane is later
rehydrated before or after the cannula is inserted in a user.

In a further embodiment, the method of making a cannula
or collar is described in which basement membrane in the
form of a liquid is applied to a sensor at 4° C. and dehydrated
at a temperature in the range of 4 Deg. C. The basement
membrane is later rehydrated after the cannula or collar is
inserted in a user.

Another embodiment is a method of making a cannula or
collar in which a coating is applied before as a coating or
“insertion pocket” and/or after insertion of the cannula or
collar in a user, which promotes lymphangiogenesis. The
coating comprises at least one extracellular matrix and at
least lymphangiogenesis factor such as VEGF-C.

A further embodiment is a method of making a surgical
mesh comprising coating the mesh with one or more layers
of ECM, with or without the incorporation of additive in the
ECM.

System Components

The components of the systems described herein include
Implantable Devices, Matrix Material, and in some cases,
Cells and Factors, etc. inserted into the matrix. Each of these
components is described below. In FIG. 1, the sensor system
8 includes a sensor 10 and a tissue system 12 that includes
a matrix material 22 and optionally includes cells and/or
factors supported in the matrix material 22. In FIG. 2, the
sensor system 8' includes a sensor 10" and a tissue system 12'
that includes a matrix material 22' and optionally includes
cells and/or factors supported in the matrix material 22'.
Types of Implantable Devices

The collars can be used in conjunction with implantable
sensors, as well as other implants that have an elongated,
thin configuration. Transcutaneous and fully implantable
sensors can be used in the embodiments described herein. A
transcutaneous sensor is shown in FIG. 1 and a fully
implantable sensor is shown in FIG. 2. The sensors may be
chemical sensor and/or biosensors. Glucose sensors, includ-
ing amperometric glucose sensors, for example, glucose
oxidase sensors, fluorescence based glucose sensor can be
used. Other types of sensors included herein are implantable
sensors for monitoring conditions such as blood pH, ion
concentration, metabolite levels, clinical chemistry analy-
ses, oxygen concentration, carbon dioxide concentration,
and pressure. It should be understood that the implant
devices may become embedded, or otherwise integrated,
into the biological system.

Sensors typically are made from the following materials:
metals, including silver and platinum, and coatings which
typically are thermoplastics and thermosets, including poly-
urethane and polytetrafluoroethylene, and composites. A
non-limiting example of a commercially used sensor coating
is a high-molecular-weight poly (vinylpyridine)-poly(ethyl-
ene glycol) copolymer cross-linked using a trifunctional
short chain epoxide. Particular materials used in implants of
various types are nylon, for example Nafion®, which is a
sulfonated tetrafluoroethylene based fluoropolymer-co-
polymer, and silicone, which has frequently been used in
implants and generally has minimal reactivity in mammalian
tissues. Reactivity of nylon and silicone materials was
evaluated in the ex ova chicken model, as is described in
U.S. application Ser. No. 10/578,171, the contents of which
are incorporated herein by reference in their entirety. PTFE
materials such as Teflon have been used in sensors, often as
a coating for a metal wire (see U.S. application Ser. No.
10/578,171).
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In embodiments, other devices may be used in addition to
the sensor 10, or may replace the sensor 10. For example:
bioreactors for liver, kidney or other organ support systems;
catheters; artificial arteries; artificial organs; tissue frag-
ment-containing devices; cell-containing devices; ligament
replacements; bone replacements; coronary pacemakers;
lap-bands, monitors; artificial larynxes; prostheses; brain
stimulators; bladder pacemakers; shunts; stents; tubes; defi-
brillators; cardioverters; heart valves; joint replacements;
fixation devices; ocular implants; cochlear implants; breast
implants; neurostimulators; bone growth stimulators; vas-
cular grafts; muscle stimulators; left ventricular assist
devices; pressure sensors; vagus nerve stimulators; drug
delivery systems; sutures and staples. In addition the devices
may include implants. For example: prostheses, such as joint
replacements; artificial tendons and ligaments: dental
implants; blood vessel prostheses; heart valves; cochlear
replacements; intraocular lens; mammary prostheses; penile
and testicular prostheses; tracheal, laryngeal, and esopha-
geal replacement devices; artificial organs such as heart,
liver, pancreas, kidney, and parathyroid; repair materials and
devices such as bone cements, bone defect repairs, bone
plates for fracture fixation; heart valves, catheters; nerve
regeneration channels; corneal bandages; skin repair tem-
plates; scaffolds for tissue repair and regeneration including
surgical meshes; and devices such as pacemakers, implant-
able drug delivery systems (e.g., for drugs, human growth
hormone, insulin, bone growth factors, and other hormones).
Furthermore, the device may include implantable drug
delivery systems such as those disclosed in U.S. Pat. Nos.
3,773,919, 4,155,992, 4,379,138, 4,130,639, 4,900,556,
4,186,189, 5,593,697, and 5,342,622 which are incorporated
in their entirety by reference herein. Implantable sensors for
monitoring conditions such as blood pH, ion concentration,
metabolite levels, clinical chemistry analyses, oxygen con-
centration, carbon dioxide concentration, pressure, and glu-
cose levels are known. Blood glucose levels, for example,
may be monitored using optical sensors and electrochemical
sensors. It should be understood that the implant devices
may become embedded, or otherwise integrated, into the
biological system.

Cannulas described herein can be employed in conjunc-
tion with an infusions device, such as an insulin pump.
These cannulas and catheters are made of a variety of
materials plastics and metals and are used to infuse drugs,
liquids such as saline, nutrients, antibiotics.

Surgical meshes described herein can be made from a
variety of biocompatible materials, including but not limited
to cellulose, polypropylene, polyesters, and polyethylene
terephthalate (PET). Surgical meshes can also be produced
from acellularized human or animal tissues.

FIG. 26C-26D show a sensor assembly with a collar. The
sensor assembly 400 includes electronics 402, a sensing
element support 404 with a sensing element 406 at the tip.
The sensing element support 406 has an antimicrobial collar
408 configured to be positioned on both sides of the point at
which the support enters the tissue 410. A coating 412
containing a tissue response modifler, such as those
described above is disposed between the collar 408 and the
sensing element 406. This configuration prevents inflamma-
tion that otherwise may occur, as shown in FIG. 26B, within
the tissue around the sensor and support. While the coating
412 usually is rehydrated after implantation to minimize
discomfort to the patient, the coating 412 also can be
rehydrated before implantation. In embodiments, the coating
can be applied immediately before assembly, in which case
initial dehydration would not be required.
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In embodiments, the implantable device is a surgical mesh
of the type used for reconstructive surgery, such as hernia
repair.

Matrix Material

Referring to FIGS. 1-2, the artificial tissue system (ATS)
12 further includes a matrix material 22. The matrix material
22 may be natural and/or synthetic materials. For example,
the matrix material 22 may include biological matrices, such
as naturally occurring matrices that occur in viable organ-
isms (in vivo), and tissues including ex vivo tissues, as well
as in association with cells maintained in vitro, or combi-
nations thereof. One characteristic of the matrix material 22
is the ability to provide a three dimensional structure to the
ATS 12. This three dimensional structure provides a volume
of space that allows for biological contact wherein various
components of the ATS 12, sensor 10, and surrounding
tissues can biologically associate with one another. For
example, the matrix material may provide the necessary
framework in which various cells can be secured as well as
providing for the movement of nutrients, chemicals, and
other bioactive agents to, from, and/or between cells, tissues,
and/or an implant device, such as, the sensor 10. In addition,
the matrix material 22 is in biological contact with portions
of the implant device and the surrounding biological system,
if present. It should be understood that the biological contact
includes, among other things, chemical, liquid, gas, and/or
mechanical contact. For example, cellular tissue of the
biological system may intrude, or otherwise extend physi-
cally into the volume of space occupied by the matrix
material. This cellular tissue may also be in physical, chemi-
cal, and/or fluid contact with the cells, portions of the
implant device, such as the sensor 10, genetic elements 16,
cell response modifiers (CRM) 18, and/or tissue response
modifiers (TRM) 20. The genetic elements 16 include, for
example, agent(s) that directly cause the temporary or per-
manent change of the genetic composition or expression of
a cell or tissue, or indirectly cause the temporary or perma-
nent change of the genetic composition or expression of a
cell or tissue. For example, single or double strand DNA,
single or double strand RNA, plasmids, viral vectors, and/or
DNA or RNA viral vectors. In addition, it should be under-
stood that the ATS may be formed into, for example, any
biologically relevant shape, for example, a tube, sponge,
sphere, strand, coiled strand, capillary network, film, fiber,
mesh, and/or sheet.

In one embodiment, the matrix material 22 may include:
basement membranes, for example Matrigel™; fibrin clots,
including plasma derived clots; collagens, for example,
fibrillar collagens (types I, II, 1II, V and IX collagen);
basement membrane collagen, such as type IV collagen;
other collagens (types VI, VII, IX, XVII, XV and XVIII
collagen); fibronectin; laminin; proteoglycans; glycopro-
teins; glycoaminoglycans; elastins; hyaluronan; adhesive
glycoproteins; mucins; and polysaccharides. In some cases,
certain factors can be included with the matrix material 22
to advantageously enhance the characteristics of the matrix
material 22 and/or its production. For example, factors that
can be included are: TGF-beta; FGF; angiotensin I1; Insulin-
like growth factor; and ascorbic acid.

In one embodiment, the matrix material 22 is composed
of a solubilized basement membrane preparation such as
Matrigel™ as supplied from BD Biosciences. The solubi-
lized basement membrane, like fibrin, is a naturally occur-
ring protein matrix/bio-hydrogel, that has a wide variety of
binding sites for cells and factors. These factors may include
growth factors and cytokines. For example, the solubilized
basement membrane may include laminin, collagen, includ-
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ing collagen TV, heparin sulphate proteoglycans, and entac-
tin. Selubilized basement membrane has been used exten-
sively as a cell matrix/depot in a wide variety of in vitro and
in vivo studies particularly in the area of tumor cell biology
and angiogenesis.

In one embodiment the solubilized basement membrane is
a liquid at 4° C. but becomes a solid bio-hydrogel when
warmed to 37° C. (or less). This ability to convert solubi-
lized basement membrane from a liquid to a solid by simply
raising the temperature, allows for a wide variety of strat-
egies for entrapping genetically engineered cells, factors,
proteins and genes. It should be understood that the terms
entrap, entraps, entrapped, entrapping, and the like are
intended to include for the purpose of this application the
concept that the matrix material 22 provides a mechanical
association with the biological cells and/or that the matrix
material 22 provides specific binding sites for the biological
cells. For example, specific binding sites which include
receptor and/or adhesion sites.

As previously discussed, Matrigel is an isolated basement
membrane obtained for cells cultured in vitro, which has
been used in a wide variety of in vivo and in vitro studies of
cell attachment, cell growth and angiogenesis. Like fibrin,
Matrigel™ is a naturally occurring matrix derived from
basement membrane, that has a wide variety of binding sites
for cells and factors (including growth factors and cytok-
ines). Matrigel™ has been used extensively as a cell matrix/
depot in a wide variety of in vitro and in vivo studies
particularly in the area of tumor cell biology and angiogen-
esis. Matrigel™ is a liquid at 4° C. but becomes a solid
biological matrix when warmed to 37° C. This ability to
convert Matrigel™ from a liquid to a solid by simply raising
the temperature, allows for a wide variety of strategies for
entrapping genetically engineered cells, factors proteins and
genes. Matrigel™ and other isolated basement membrane
materials possess the characteristics to serve as a tissue
interactive biological matrix for the ATS.

According to the literature, basement membrane contains
laminin, type IV collagen, and a heparin sulfate proteogly-
can (perlecan). BD Matrigel™ Matrix is a reconstituted
basement membrane preparation that is extracted from the
Engelbreth-Holm-Sawrm (EHS) mouse sarcoma, a tumor
rich in extracellular matrix proteins (extracted from cell
cultures in vitro). Once isolated, the material has approxi-
mately 56-61%, or 60%, laminin, 30-31% collagen IV and
7-8% entactin. Matrigel™ matrix also contains heparin
sulfate proteoglycan, TGF-Beta, epidermal growth factor,
insulin-like growth factor, fibroblast growth factor and tissue
plasminogen activator. The growth factors occur naturally in
the EHS tumor. When frozen, Matrigel™ matrix is a solid.
When allowed to thaw in a refrigerator (4° C.) and when
stored in a refrigerator, Matrige]™ matrix is a liquid. Matri-
gel™ matrix will start to form a gel above 10 Deg. C. and
will gel rapidly at 22-35 Deg. C. Matrigel™ matrix will
form a gel if it is diluted up to a concentration of 3 mg/ml.

In embodiments, the basement membrane is crosslinked
with crosslinking agent that forms covalent bonds between
components of the basement membrane and is biocompat-
ible with the surrounding tissue in the amount in which it is
used. In embodiments, the crosslinking agent comprises a
di-aldehyde.

When the crosslinking agent is glutaraldehyde, it typically
is used in quantities of 0.1-1% W/W, or 0.1-0.6% W/W, or
0.2-0.2% W/W. In embodiments, when the implantable
device is placed in a liquid glutaraldehyde solution, the
exposure time ranges from 3 to 10 minutes.
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Cells, Genetic Elements, Cell Response Modifiers, Tissue
Response Modifiers, Genetic Elements and Factors

When cells are incorporated into the basement membrane,
the cells can include biological cells 14, 14', genetically
engineered cells 14a, 14a', artificial cells 145, 144", stem
cells 14¢, 14¢', and/or support cells 14d, 144. The support
cells 14d, 144" generally are included with other cells and
serve to provide nutrients, factors, physical surfaces, or other
required or desirable products to the cells they support. The
ATS may also include genetic elements 16, 16', cell response
modifiers (CRM) 18, 18', and/or tissue response modifiers
(TRM) 20, 20'.

In one embodiment, the cells include eukaryotic cells;
prokaryotic cells; vertebrates cells; invertebrates cells; nor-
mal cells; cancer cells; mutant cells; engineered cells, such
as genetically altered cells, chemically altered cells, trans-
genic cells, hybrid cells (hybridomas); artificial cells; and
stem cells, such as embryonic stem cells, adult stem cells,
stem cell lines, engineered stem cells. The cells may be
classified as categories of functional cells, for example,
inflammatory cells, immune cells, tissue cells, cells which
control wound healing, cells which control fibrosis, cells
which control tissue regeneration, regulatory cells, cytokine
producing cells, growth factor producing cells, matrix pro-
ducing cells, vascular cells, connective tissue cells, bone
producing cells and bone, blood cells. The cells may also be
classified as types of cells, for example, endothelial cells,
fibroblasts, epithelial cells, muscle cells, fat cells, lympho-
cytes, macrophages, mast cells, polymorphonuclear leuko-
cytes, red blood cells, neurologic cells, osteoblasts, osteo-
clasts, nerve cells, fat cells, brain cells. Other categories of
cells may be used and include, but are not limited to,
autologous cells, heterologous cells, allogenic cells, xeno-
genic cells, autologous cells, (relative to the host), heterolo-
gous cells (relative to the host), allogenic cells (relative to
the host tissue), xenogenic cells (relative to the host tissue).
It should be understood that the cells may be used in
combination with one another such that a cellular compo-
nent is formed. The cellular component may include one or
more cellular communities wherein the communities inter-
act on, for example, symbiotic, commensal, saprophytic,
inhibitory and/or other biologically relevant association. For
example, engineered and non-engineered cells may be used
in combination to provide advantageous biologic contact
with one another and with a biologic system with which they
are associated, for example a living mammal biologic sys-
tem.

In one embodiment, cell of different categories and/or
types may be combined in the matrix material 22. For
example, functional cells may be used which regulate the
function of other cells within the matrix material 22. This
may include cells that produce cytokines and growth factors;
cells that regulate the function of the cells within the host
tissue; cells that include matrix producing cells within the
host tissue; cells that produce cytokines and growth factors
which control cells in the host tissues; cells that controls
inflammation within the ATS; cells that control wound
healing within the ATS; cells that control fibrosis within the
ATS,; cells that control neovascularization within the ATS;
cells that control cell proliferation within the ATS; cells that
control immune responses within the ATS; cells that include
cells that control cell death within the ATS; cells that
includes cells that control inflammation within the tissues;
cells that control wound healing within the tissues; cells that
control fibrosis within the tissues; cells that control neovas-
cularization within the tissues; cells that control cell prolif-
eration within the tissues; cells that control immune
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responses within the tissues; cells that control cell death
within the tissues; cells that produces cytokines; cells that
produce growth factors; cells that control vessel formation
and regression; cells that produce genetically altered pro-
teins and peptides; and cells that overproduce proteins
and/or peptides.

Sources of biological cells include cells directly isolated
from in vivo sources; cells obtained from embryonic tissues,
neonatal tissues, juvenile or adult tissues; cells obtained
from in vitro sources; cells obtained from primary cell
culture sources; cells obtained from secondary cell culture
sources; and cells obtained from continuous cell lines.

In one embodiment, the CRM 18 and/or TRM 20 are
differentiated based on their biologic effect. For example,
“cell response modifiers” (CRM) 18, as used herein, include
agents that control the structure and or function of cells in
vitro and or in vivo, whereas, “tissue response modifiers”
(TRM) 20 as used herein, include agents that control the
structure and or function of tissues in vivo and or ex vivo.
The CRM 18 may include cells genetically engineered and
non-genetically engineered: biological cells, synthetic cells,
regulatory cells, tissue support cells, mutant cells, artificial
cells, genetically altered cells, chemically altered cells,
and/or stem cells. The CRM 18 may control cellular prolif-
eration; cell injury; cell death; cell metabolism; cell protein
synthesis; cell gene expression; and/or agents that control
the structure and/or function of cells derived from any in
vitro or in vivo source.

In one embodiment, the categories or types of cells whose
structure and or function is controlled by CRM 18, include
cells derived from embryonic, neonatal, juvenile and or
adult cells. In addition, cells that may be controlled by CRM
18 include biological cells, eukaryotic cells, prokaryotic
cells, vertebrates cells, invertebrates cells, normal cells,
cancer cells, mutant cells, engineered cells, artificial cells,
stem cells, and/or hybrid cells. In addition, cells controlled
by CRM 18, include, for example, endothelial cells, fibro-
blasts, epithelial cells, muscle cells, fat cells, lymphocytes,
macrophages, mast cells, polymorphonuclear leukocytes,
red blood cells, neurologic cells, osteoblasts, osteoclasts,
nerve, fat cells, brain cells, bone cells, tissue derived stem
cells, blood derived stem cells, bone derived stem cells.

In one embodiment, the CRM 18, include agents that, for
example, control cell homeostasis by controlling cell func-
tions such as cell activation, cell proliferation, cell metabo-
lism, cell death (including apoptosis), cell differentiation and
maturation, cell size, cell composition.

In one embodiment, the TRM includes, for example,
agent(s) that control tissue growth; tissue differentiation;
tissue injury; innate immune responses; acquired immune
responses; humoral immune responses; cell mediated
immune responses; inflammation; acute inflammation;
chronic inflammation; wound healing; regeneration; tissue
repair; neovascularization;, bone destruction; bone injury,
repair and or regeneration; connective tissue destructions;
controls connective tissue injury, repair and regeneration; fat
tissue injury, repair and or regeneration; neurologic tissue
injury, repair and or regeneration; and/or responses using
TRM 20. The TRM 20 may include: cell to cell protein
transporter molecules; antibodies; proteins, modified pro-
teins and/or recombinant protein; chemicals; drugs; genetic
elements; recombinant DNA; RNAs, including siRNA;
altered RNAs; genetically altered RNAs; chemically altered
RNAs; DNA; altered DNAs; carbohydrates; lipids and fatty
acids; radiation energy; magnetic energy; viruses; single or
double strained DNA; and/or single or double strained RNA.
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The TRM 20 may be used in combination, for example,
the TRM 20 may include: TRM that controls tissue injury
and a second TRM that controls inflammation; TRM that
controls inflammation and a second TRM that controls
fibrosis; TRM that controls inflammation and a second TRM
that controls neovascularization; TRM that controls inflam-
mation and a second TRM that controls tissue regeneration;
TRM that controls cell injury and a second TRM that
controls inflammation; TRM that controls cell death and a
second TRM that controls inflammation; TRM that controls
inflammation and a second TRM that controls fibrosis; TRM
that controls inflammation and a second TRM that controls
neovascularization; TRM that controls fibrosis and a second
TRM that controls neovascularization; and/or TRM that
controls inflammation and a second TRM that controls tissue
regeneration.

The TRM 20 may. for example, in one embodiment
include the agents 2-(3-benzophenyl)propionic acid, 9-al-
pha-fluoro-16-alpha-methylprednisolone, methyl pred-
nisone, fluoroxyprednisolone, 17-hydroxycorticosterone,
cyclosporin, (+)-6-methoxy-.alpha.-methyl-2-naphthalene
acetic acid, 4-isobutyl-.alpha.-methylphenyl acetic acid,
Mitomicyin C, Acetaminophen, Dexamethasone, Dipheny-
hdramine, Hydrochloride, Cromolyn, 3-(1H-Tetrazol-5-y1)-
9H-thiol-xanthene-9-one 10,10-dioxide monohydrate, Hl
and H2 histamine antagonists (H1 antagonists: mepytramine
or triprolidine) transforming growth factor alpha, anti-trans-
forming growth factor beta, epidermal growth factor, vas-
cular endothelial growth factor, anti-transforming growth
factor beta antibody, anti-fibroblast antibody, anti-trans-
forming growth factor beta receptor antibody. arginine-
glycine-aspartic acid, REDV, or a combination thereof.

Categories of tissues whose normal structure and or
function is controlled by TRM, include, for example, bio-
logical tissues of vertebrates, invertebrates; normal tissue;
injured tissue; regenerating tissue; repairing tissue; cancer
tissue; mutant tissue; engineered tissue; artificial tissue; stem
cell tissues; hybrid tissues; endothelial tissue; fibroblasts;
epithelial tissue; muscle tissue; fat tissue; lymphocytes;
macrophages; mast tissue; polymorphonuclear leukocytes;
red blood cells, soft tissue; neurologic tissue; osteoblasts;
osteoclasts; nerve; brain tissue; bone tissue; tissue derived
stem tissue; blood derived stem tissue; and/or bone derived
stem tissue.

Categories of tissues whose structure or function is con-
trolled by TRM ex vivo include, for example, tissues origi-
nally derived from embryonic, neonatal, juvenile and/or
adult tissues. Categories of tissues whose structure or func-
tion is controlled by TRM in vivo and or ex vivo include, for
example, embryonic tissues, neonatal tissues, juvenile or
adult skin. Injured tissues controlled in vivo and or ex vivo
by TRM, include, for example, normal embryonic tissues,
neonatal tissues, juvenile or adult skin. Tissues controlled in
vivo and or ex vivo by TRM, include, for example, include
embryonic tissues, neonatal tissues, juvenile or adult soft
tissue, hard tissue, e.g. bone), skin, cardiac system, pulmo-
nary, hepatic, gastrointestinal tract, biliary tract, urinary
tract, genital tract, vision, neurologic or endocrine systems,
blood vessels, bones, joints, tendons, nerves, muscles, the
head, the neck, or any organ system or combinations thereof.

In one embodiment, factors that are used to control
vascular endothelial cell function in vitro (i.e. cell response
modifiers 18) also may induce or suppress new blood vessel
formation in vivo thus under the right circumstances they are
also tissue response modifiers 20. For example, these factors
may include: Vascular Endothelial Growth Factor (VEGF);
Fibroblast Growth Factor (FGF); Interleukin-8 (IL-8);
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Angiogenin; Angiotropin; Epidermal Growth Factor (EGF);
Platelet Derived Endothelial Cell Growth Factor; Trans-
forming Growth Factor o (TGF-a); Transforming Growth
Factor p (TGF-f); Nitric Oxide; Thrombospondin;
Angiostatin; and Endostatin.

In one embodiment, cell response modifiers 18 are used,
but because they also operate to control inflammation and
immune responses as well as development in vivo they are
also examples of cell response modifiers that can act in vivo
as tissue response modifiers 20. For example, cytokines and
growth factors included in this operative definition include:
THI1/TH2 Interleukins (IL-2, IL-4, IL-7, IL-9, IL-10, 1L.-12,
IL-13, IL-15, IL-16, 1L.-17); the IL-1 family (IL-1-alpha,
IL-1Ra, IL-18, IL-1-beta); the TNF family, for example TNF
Ligand and TNF/NGF Receptor Families, TNFalpha, Lym-
photoxin alpha and beta, Fas Ligand, CD40 Ligand, CD30
Ligand, CD27 Ligand, RANK Ligand Apo2l./TRAIL; the
IL-6 family, for example, IL-6 Ligand and Receptor Family,
IL-6, IL-11, Oncostatin M, CT-1; macrophage activation,
such as, [FNalpha, IFN beta, and IFNomega Ligands,
IFNgamma, Osteopontin, MIF; TGF beta, BMP Family,
PDGE, VEGF, Poxvirus Vascular Endothelial Growth Factor
(VEGF) Homologs of Orf Virus, Angiostatin, Activin,
Endostatin, Methoxyestradiol, Poxvirus Growth Factors
Related to EGF; IL-3, IL-5, Stem Cell Factor, GM-CSF
CSF-1, G-CSF, Erythropoietin, Thrombopoietin,; MGSA/
GRO, ENA-78, IL-8, H. GCP-2, A. CTAP-III, betaTG, and
NAP-2, Platelet Factor 4, IP-10 MIG, SDF-1, BLR1 Ligand/
BCA-1/BLC, 9E3/cCAF; MCP-1, MCP-2, MCP-3, MCP-4,
and MCP-5 RANTES, 1-309, MIP-alpha, MIP-beta,
Eotaxin, PARC, Eotaxin 2, MIP-gamma/MRP-2, Mu C10,
Leukotactin 1, CKbeta8-, B. HCC-1, SLC (6CKine), ELC,
H TECK/CCL25, CC Chemokine of Molluscum Contagio-
sum Virus, Lymphotactin, Fractalkine, Poxvirus Secreted
Complement Control Proteins; IL-2 Family Receptors, IL-2
Receptor, 1L-4 Receptor, IL-7 Receptor, 1L-9 Receptor,
IL-10 Receptor, IL-12 Receptor, 1L-13 Receptor, IL-15
Receptor, IL-16 Receptor (CD4), 1L-17 Receptor, Prolactin
Receptor; IL-1 Family Receptors, such as, IL-1 Receptor
Family, IL-1 Receptor Type 1, Poxvirus 1L.-1 beta Receptor
Homologs, IL-18 Receptor, IL-1 Receptor Type II; TNF
Receptors, Poxvirus TNF Receptor Homologs, Lympho-
toxin beta Receptor, Fas, CD40, CD30, 4-1BB, RANK,
Osteoprotegerin, CD27, HVEM, DR4, DRS5, DcR1, DcR2,
DcR3, Ox40, GIT Receptor; IL-6 Receptor; IL-11 Receptor,
OSM Receptor, CT-1 Receptor; IFNgamma Receptor, Pox-
virus [FNgamma Receptor Homologs, IFN ¢ beta Receptor,
Poxvirus IFN ¢ beta Receptor Homologs, Osteopontin
Receptor, TGF beta Receptors, BMP Receptor, Hematopoi-
etic Receptors, for example the Hematopoietic Receptor
Family of IL-3 Receptor, IL-5 Receptor, SCF Receptor,
GM-CSF Receptor, G-CSF Receptor, TPO Receptor; CXC
Chemokine Receptors, such as, CXCR1 and CXCR2,
CXCR3, CXCR4, CXCRS5, R. CC, C, and CX3C; CC
Chemokine Receptors, such as, CCR1, CCR2, CCR3,
CCR4, CCRS5, CCR6, CCR7, CCRS, D6, ECRF3, Poxvirus
Membrane-bound G Protein-coupled Receptor Homologs,
US28, Kaposi’s Sarcoma-associated Herpesvirus GPCR,
DARC, CX3CRI1, Poxvirus Secreted Chemokine-binding
Proteins, CCR9, XCR1; and Miscellaneous non-Cytokine
Proinflammatory Factor Receptor, such as C5a Receptor,
C3a Receptor, PAF Receptors, IMLP Receptors, Opioid mu,
delta, and kappaReceptors for Endorphins, Lipoxin A4
Receptor, ACTH Receptor, BLTR: the Leukotriene B4
Receptor, PACAP and VIP Receptors, Lysophospholipid
Growth Factor Receptors.
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In one embodiment stem or progenitor cells 14¢ are
included in the ATS. These stem or progenitor cells may be
included in a matrix material 22, which is selected based on
the origin of the stem or progenitor cells. For example,
expansion of undifferentiated stem cells, in vitro, may be
accomplished with a gelatin matrix material; expansion of
nestin+neural progenitor cells may be accomplished with
laminin, RA, Survival of embryonic stem cell derived motor
neurons with basement membrane, and endothelial cells
with collagen IV. If, for example, the stem or progenitor cells
are of a bone marrow origin of the MSC, MAPC, or HSC
type, then fibronectin and or basement membranes may be
used. For example, expansion in vitro of undifferentiated
MAPCs with fibronectin; osteoblasts with fibronectin;
endothelial cells with fibronectin; and hepatocyte-like cells:
basement membranes. If, for example, the stem or progeni-
tor cells are of an adult tissue origin of the hepatic oval cell,
NSC/NPC, adipose stem cell, or MDSC type, then fibronec-
tin, laminin and/or collagen may be used. For example,
expansion of undifferentiated oval cells with fibronectin;
hepatocyte with fibronectin; pancreatic islet with fibronec-
tin; neuron, glial cells with fibronectin, laminin; expansion
of MDSCs with collagen, and osteoblast with collagen.

In one embodiment, several growth factors or cytokines
may be used as, for example, CRM 18 to promote stem or
progenitor cell proliferation and differentiation in vitro. For
example, if the stem or progenitor cells are embryonic stem
cells, then expansion of undifferentiated ES cells can be
accomplished with LIF; pancreatic endocrine progenitor
with bFGF; pancreatic islet with bFGF; expansion of Nes-
tin+neural progenitors with bFGF; RASurvival of ES-de-
rived motor neurons with BDNF, NT-3, CNTF, GDNF; glial
progenitor cells with bFGE, PDGF-AA;
adipocyte13R AChondrocyte with BMP-2, BMP-4; dendritic
cells: GM-CSF, IL-3; and endothelial cells with VEGF. If the
stem or progenitor cells are derived from bone marrow and
are of the MSC, MAPC, or HSC types, then, for example,
osteoblast may be utilized with BMP-2, bFGF; chondrocyte
with TGF-B3; neuron, glial cells with EGF, BDNF; expan-
sion of undifferentiated MAPCs with EGF, PDGF-BB;
chondrocyte with TGF-B1; endothelial cells with VEGF;
hepatocyte-like cells with FGF-4, HGF; and platelets, red/
white blood cells with IL-3, IL-6, G-CSF. If the stem or
progenitor cells are derived from adult tissues and are of the
Hepatic oval cell, NSC/NPC, Adipose stem cell or MDSC
types, then, for example, expansion of undifferentiated oval
cells can be accomplished with SCF, F1t-3 ligand, IL-3, LIF;
hepatocyte with HGF, EGF; pancreatic islet with SCF, Flt-3
ligand, 1L-3; expansion of NPCs with bFGF, EGF, LIF;
neuron, glial cells with bFGF, EGF, PDGF-AA, PDGF-AB,
PDGF-BB, NT-4, CNTF; osteoblast with TGF-1; expan-
sion of MDSCs with IGF-1, EGF, SCF, FGF2; and osteo-
blast: BMP-2.

In one embodiment stem or progenitor cells 14¢ are
promoted utilizing other factors as, for example, TRM 20.
For example, if the stem or progenitor cells are embryonic
stem cells, then pancreatic islet cells can be utilized with
nicotinamide; expansion of Nestin+neural progenitors can
be accomplished with poly-ornithine; neurons with poly-
ornithine, RA; Adipocytes with RA; and osteoblasts with
RA, dexamethasone, ascorbate, 3-glycerol phosphate. If the
stem or progenitor cells are derived from bone marrow and
are of the MSC, MAPC, or HSC types, then, for example,
osteoblasts with dexamethasone, ascorbate, 3-glycerol phos-
phate; chondrocytes with dexamethasone; neuron, glial cells
with RA; adipocytes with dexamethasone, insulin, indo-
methacin, 1-methyl-3-isobutylxanthine; expansion of undif-
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ferentiated MAPCs with 2% FBS; osteoblasts with dexam-
ethasone, ascorbate, B-glycerol phosphate; platelets, red/
white blood cells with erythropoietin, thrombopoietin. If the
stem or progenitor cells are derived from adult tissues and
are of the Hepatic oval cell, NSC/NPC, Adipose stem cell or
MDSC types, then, for example, pancreatic islet cells can be
utilized with nicotinamide; osteoblasts with Dexametha-
sone, ascorbate, B-glycerol phosphate: chondrocytes with
insulin, ascorbate; and adipocytes with dexamethasone,
insulin, indomethacin, 1-methyl-3-isobutylxanthine.

FIG. 24 provides a list of angiogenic factors. VEGF-A
induces both blood vessels and lymphatic vessels. VEGF-C
and VEGF-D induce a predominance of lymphatic vessel
and some blood vessels.

Method of Applying Coatings

In the embodiments shown in FIG. 3, as well as embodi-
ments described below and shown in other figures, multiple
layers of a single type of coating optionally can be applied,
or a single coating can be used. The overall method of
coating is designated as 100. While the method is described
in connection with sensors, the same method applies to
cannulas and collars (that are not themselves made of ECM),
and also to surgical mesh.

In other embodiments, multiple layers of different ECMs
can be applied to a device. The various layers can have
different cells and/or factors incorporated therein. In the
embodiment shown in FIG. 3, multiple layers of a single
type of coating are applied. The overall method of coating is
designated as 100. Referring to FIG. 3, a device is obtained
at 102 and an extracellular matrix material to be used as a
coating material is obtained at 104. The coating is config-
ured in liquid or gel form based on the temperature of the
coating material (Matrige]™ matrix will start to form a gel
at or above 10 Deg. C. and will gel rapidly at 22-35 Deg. C.).
The device is partially or fully coated with the coating
material at 106 by dipping, spraying, brushing or another
suitable technique. The coating is dried at 108. Drying can
take place at room temperature, at elevated temperature, or
at a temperature below room temperature including 4 deg. C.
The coatings can be dried passively at room temperature or
above through the uses of fans/blowers or heating devices at
room temperature or above (gel) or 4 deg. C. (liquid).

Drying the liquid or gelatinous basement membrane at
different temperatures likely would change the structures
and orientation of the proteins and factors in the basement
membrane (for example cross linking occurs as a result of
drying). For a coating material such as solubilized basement
membrane, which typically is a liquid at 4 degrees centi-
grade and a gel above 10 degrees centigrade.

Optionally, additional coatings can be added before the
sensor is used or packaged. As shown in FIG. 3, after drying
at 108, a second coating of the same material is applied at
110 and the coating is dried at 112. Optionally. a third layer
of the extracellular matrix material is applied at 114 and then
dried at 116. Additional coating and drying stages optionally
can take place at 118. In some cases, the device is packaged
at 120 for later use. When the packaged device is to be used,
it is rehydrated before or after implantation, or both, at 122.
In other cases, the device is used without being stored or
packaged. When used, the device can be rehydrated before
or after implantation, or both, at 124. This is done in order
to eliminate salts, which have accumulated in the dry coating
(toxic to tissue) and also since a sensor with a dry membrane
is easier to implant. The wet Matrigel is easily sheared off
the sensor surface during implantation. Having it dry is good
for storage and shipping since refrigeration is not necessarily
needed. Hydrating solution can be aqueous or non-aqueous
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solutions and can contain additives, such as proteins, drugs,
antibodies. In embodiments, the device is rehydrated, dried
and implanted at 126. In the embodiment shown in FIG. 4,
multiple layers of various coatings are applied. The overall
method of coating is designated as 200. Referring to FIG. 4,
adevice is obtained at 202 and a material (which may or may
not be an extracellular matrix) to be used as a coating
material is obtained at 204. The coating is configured in
liquid or gel form. The device is partially or fully coated
with the coating material at 206 by dipping, spraying, or
another suitable technique. The coating is dried at 208.
Drying can take place at room temperature, at elevated
temperature, or at a temperature below room temperature.
For a coating material such as solubilized basement mem-
brane, it is generally known that the Matrigel is a liquid at
2-10 Deg. C. and a gel at 15-30 Deg. C. Optionally,
additional coatings can be added before the sensor is used or
packaged. As shown in FIG. 4, after drying at 208, a second
coating of a different material is applied at 210 and the
coating is dried at 212. Optionally, a third layer of extra-
cellular matrix material is applied at 214 and then dried at
216. Additional coating and drying stages optionally can
take place at 218. Optionally, the device is packaged at 218
for later use at 220. When the device is to be used, it is
rehydrated before or after implantation, or both, at 222 or
224. At least two of the coatings are made of extracellular
matrix. In embodiments, all of the layers are made of
extracellular matrix.

FIG. 5 shows photographs of the coating process. A
sensor is dipped in basement membrane, such as Matrigel,
that is in the form of a liquid. The basement membrane is
then dried. A second coat of the same or a different extra-
cellular matrix is then applied and dried. Multiple coatings
can be applied and dried. When the sensor is ready for use,
the multilayer coating is hydrated to rinse away salts, retried,
and implanted in biological tissue.

In embodiments, various VEGFs (VEGF-A, VEGF-B,
VEGF-C, and/or VEGF-D) individually or in combination
are bound to fibronectin (FN). The VEGF-fibronectin com-
bination in turn can be added to ECM preparations such as
basement membranes to make a complex that is coated on an
implantable device and implanted in a dry or wet form in
biological tissue. The ECM-fibronectin-VEGF combination
will induce formation of addition vascular networks, thereby
extending the useful lifespan of the device.

Methods Employed for Gene Transfer

In embodiments, there are a wide variety of methods
employed for gene transfer in cells and tissue. Three of the
major approaches used include: 1) plasmid based gene
transfer, 2) retrovector based gene transfer and 3) adenovec-
tor based gene transfer. Plasmid based gene transfer utilizes
“naked” DNA to directly transfer genetic information into
cells in vitro and or in vivo. Plasmid based gene transfer has
the advantage that it is simple, but it is extremely inefficient,
particularly in vivo. Retrovector based gene transfer utilizes
retroviral vectors to “carry” the selected genetic information
into the cells via specific virus receptors on the surface of
target cells. Retrovectors have the advantage in that they are
extremely stable, but they require a selection procedure,
which identifies cells in which the genes have successfully
been transferred. Adenovectors, like retrovectors utilizes
adenoviral vectors to “carry” the selected genetic informa-
tion into the cells via specific virus receptors on the surface
of target cells. Adenovectors have the advantage of being
very efficient in gene transfer also the gene expression may
be transient. Generally for gene therapy, adenovectors have
been the system of choice. Adenovirus binds to a surface
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receptor known as CAR, and CARs have been identified on
human (hCAR) and murine cells. Unfortunately not all cells
have high enough levels of CAR to allow infection with
adenovectors, thus limiting the spectrum of target cells in
which gene transfer can be achieved. For example, generally
fibroblasts have limited levels of CAR and thus are not used
as target cells for adenovector based gene transfer. For the
ATS, aprotocol for genes transferred into target cells that are
CAR deficient, thus allowing the use of adenovector in these
cells.

Many of the materials listed above are described in U.S.
patent application Ser. No. 10/578,171, Klueh et al., filed
May 4, 2006 (published as US Patent Publication Number
2007/0077265 on Apr. 5, 2007), the contents of which are
incorporated by reference herein in their entirety.
Neovascularization

CGM technology allows the patient to monitor their
glucose level in real-time and as such, alerts the user when
glucose levels are falling too low or rising too high. This
knowledge can help the user to prevent potential harmful
hyperglycemic or hypoglycemic events. Both of these
events are damaging to the body’s vasculature system and
ultimately responsible for diabetes complications including
death. Crucial to good CGM performance is an accurate
glucose sensor.

Gene therapy studies described herein demonstrate that 1)
VEGF-A based local gene therapy increases vascular net-
works (blood vessels and lymphatic vessels) at sites of
glucose sensor implantation; and 2) this local increase of
vascular networks enhances and extends glucose sensor
function in vivo. This data shows that increasing vascular
networks at sites of glucose sensor implantation enhances
and extends continuous glucose monitoring (CGM) in vivo.

The formation of new BV is essential to embryonic
development, wound healing and tumor growth in vivo.
Central to all these various forms of new vessel formation is
the local expression of angiogenic factors (AFs) such as
VEGF, HGF, PDGF, IL-8, etc. (also see FIG. 24). These AFs
play a key role in initiating new vessel formation in vivo, i.e.
angiogenesis. During neovascularization, new BVs emerge
and develop from preexisting vessels through various pro-
cesses, which include vascular endothelial cell (VEC) pro-
liferation and migration. This initial sequence of events
results in tissue invasion by developing capillary sprouts.
Upon formation of capillary sprouts, endothelial cells
migrate toward the angiogenic stimulus into regeneration or
developing tissue. Ultimately, tube to-tube connections are
made by the capillary sprouts in order to obtain continuous
blood flow.

Generally, BVs play a vital role in the delivery of nutrition
(glucose) and oxygen to tissues, as well as the removal of
CO, from the tissues. Additionally, these same networks of
BVs are also critical to the delivery of inflammatory and
immune cells to sites of injury, infection and wound healing.
However, the various roles of LVs, as well as their structure
and development, L-Angio, are generally not appreciated in
the glucose sensor community. Vs are blind vessels, which
arise within virtually all tissues. Outflow of the LVs as
toward the lymph nodes is maintained by a series of leaflet
valves, which allow uni-direction flow within the LVs. In
normal tissues the lymphatics represent the major outflow of
fluids and cells within the interstitial compartment, and as
such have significant impact on interstitial flow and glucose
levels. The fluids and cells that flow thru the LVs accumulate
within the lymph node, and eventually drainage of the Ilymph
node occurs back into the blood stream for eventual recir-
culation (e.g. lymphocytes and macrophages) or removal
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thru the kidneys and bowel. During tissue trauma, inflam-
mation and wound healing, lymphatics play a critical role in
draining excessive fluids (edema), tissue debris and inflam-
matory cells from the site of injury and thereby decreasing
inflammation. This drainage is critical to minimizing addi-
tional tissue damage by removing all factors and cells from
the trauma site and thereby promoting tissue repair and
regeneration. In fact, a growing body of literature has
demonstrated that 1) blocking lymphangiogensis enhances
inflammation and tissue destruction and 2) enhancing LV
number and function diminishes inflammation in a number
of disease states.

The VEGF-A induced lymphatic vessels can be important
in tissue drainage to reduce inflammation and tissue injury,
including fluids (edema) and inflammatory cells associated
with angiogenesis. The major control of both hemangiogen-
esis (H-Angio) and L-Angio appears to be through a related
group of agonists and receptors known as the Vascular
Endothelial Growth Factor (VEGF) family. The VEGF
family is primarily composed of 4 agonists (VEGF-A,
VEGF-B, VEGF-C, VEGF-D) with overlapping functions
via their receptors. The agonists exert their angiogenic
action on blood vessels (VEGF-A) and lymphatic endothe-
lial cells (ECs) (VEGF-C and VEGF-D) thru 3 receptors
present on the surfaces of these cells. Because of the central
role of the VEGF family in human diseases such as cancer
and inflammation, a number of antagonists of the various
members of the VEGF family have been developed.

The VEGF family also plays a critical role in controlling
wound healing, i.e. repair and regeneration. This central role
of the VEGF family in wound healing is the result of the
VEGF family’s ability to control the formation of vascular
networks at sites of tissue injury and inflammation. The
ability of the VEGF family to control the formation of blood
vessels and lymphatic vessels controls not only the influx of
fluids, nutrients (glucose), oxygen and cells into the injured
site to promote healing, but it also allows the removal of
fluids (edema/swelling), tissue debris, and toxic factors as
well as the removal of inflammatory cells all of which
reduce inflammation and tissue injury and enhance and
extend glucose sensor function and continuous glucose
monitoring (CGM).

Frequently, unreliable glucose sensor function in vivo is
the result of acute and chronic tissue reactions at the sensor
implantation site (i.e. inflammation, fibrosis and vessel
regression). These tissue reactions limit sensor function by
1) damaging (inflammation) and regressing (fibrosis) vas-
cular networks (blood and lymphatic) that control real-time
movement of fluids (Glucose) and cells (leukocytes) within
tissue and 2) by inducing sensor “biofouling”, including
creation of leukocyte based “metabolic barriers” surround-
ing the sensors. Specifically, the loss of blood vessels results
in loss of real-time blood glucose levels in the interstitial
spaces. The loss of lymphatic networks at implantation sites
prevents efficient drainage of tissue debris and inflammatory
cells from the implantation site. The failure to properly drain
inflammatory cells from implantation sites increases the
“inflammatory load” at the implantation sites, thus increas-
ing biofouling and loss of sensor accuracy. The data pro-
vided below shows that enhancing both blood vessel (BVs)
and lymphatic vessel (LVs) networks at sensor implantation
improves the accuracy and extends the functional lifespan of
a sensor in continuous glucose monitoring.

In addition to the VEGF families of agonists and recep-
tors, additional lymphangiogenic agonists/receptors have
also been identified (FIG. 24). As is the case with the VEGF
family the agonists can be expressed by a variety of cells if
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the corresponding receptor is present on lymphatic endothe-
lial cells. The major LymphAngiogenic factors/receptors
include Insulin-like Growth Factor (IGF)/IGF-1R; Platelet
Derived Growth Factor-BB  (PDGF-BB)/PDGFa/B;
Angiopoietin-1 (Ang-1)/Tie-2 and HGF/HG-R 4 (FIG. 24).
System Comprising Kit

In embodiments, a system is provided comprising a kit
that includes at least one extracellular matrix, a device to
apply the ECM to an implantable device such as a cannula,
or catheter, a protocol for using the kit to coat the implant
with at least one layer of ECM as well as a specific drying
and hydrating method described.

In another embodiment, a system is provided comprising
a kit that includes at least one extracellular matrix, a device
to apply the ECM to an implantable medical device, with the
ECM being applied as a collar or sleeve, and a protocol for
using the kit to coat the implant with at least one layer of
ECM as well as a specific drying and hydrating method
described.

Embodiments Using Crosslinked Basement Membrane

FIG. 42 shows a coated implant 210, which includes an
implantable device 212 which is surrounded by a coating
layer 214 of crosslinked basement membrane. FIG. 43
shows a coated implant 220, which includes an implantable
device 222, which is surrounded by an inner coating layer
224 of crosslinked basement membrane and an outer coating
226 of basement menibrane that is not crosslinked. Alter-
natively, both the inner and outer coating layers may be
crosslinked, either in a single crosslinking step or in separate
crosslinking steps. In another embodiment, the inner layer is
not crosslinked and the outer layer is crosslinked. Further-
more, additional crosslinked or non-crosslinked layers can
be added over layer 226. In embodiments, the basement
membrane layers can be added in liquid or gel form. In
embodiments, pre-dried, crosslinked or non-crosslinked
basement membrane layers can be applied on or beneath
liquid and/or gel layers, or directly on the implantable device
as the inner layer. In embodiments, the pre-dried layers are
in the form of sheets.

FIG. 44 shows a coated implant 230, which include an
implantable device 232, which is surrounded by an inner
coating layer 234 of a drug release system, and an outer
coating layer 236 of crosslinked basement membrane. In
alternative embodiments, the intermediate layer is cross-
linked and the outer layer with their crosslinked or not
crosslinked. FIG. 45 shows a coated implant 240 which
includes an implantable device, 242, an inner coating layer
244 of a drug release system, an intermediate coating layer
246 of cross-linked basement membrane, and an outer
coating layer 238 of basement membrane that is not cross-
linked. The order of the layers can be varied. FIG. 46 shows
a coated implant 250 with an implantable device 252 having
a coating comprising a crosslinked basement membrane that
contains natural or synthetic fiber and or matrices. Such
materials can be added, for example, to impart additional
strength to the layer. Non-limiting examples of natural
fibrous additives include fibrin; collagens (Fibrillar (Type 1,
11, 11, V, XI); Facit (Type IX, XII, XIV); Short chain (Type
VIII, X); Basement membrane (Type IV); Other (Type VI,
VII, XIII); fibronectins; laminins; elastins; and Proteogly-
cans: (Chondroitin sulfate, Heparan sulfate, Keratan sulfate,
Hyaluronic acid). Non-limiting examples of synthetic
fibrous include Polyurethane; Polysulfone; Calcium phos-
phate; Hyaluronic acid; Polypropylene; Bioactive glass;
Extracellular matrix; Polyvinyl alcohol; Polyglycolide;
Polylactide; Poly(propylene fumarate); Polycyanoacrylate;
Poly(g-caprolactone); Polydioxanone; Polyhydroxyalkano-
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ates; Poly(ortho ester); Poly(ether ester); Poly(ethylene
oxide); Polybutylene terephthalate; Hydroxyapatite; Trical-
cium phosphate; Poly(ethylene glycol); Poly(ester ure-
thane); Poly(acrylic acid); Lysine diisocyanate; Biphasic
calcium phosphate; Polyacrylamide; Polymethylmethacry-
late; Poly(L-lactic acid); Poly(l-lactide-co-glycolide); Poly
(trimethylene carbonate); Polydimethylsiloxane; Polytetra-
fluoroethylene;  Poly(ethylene-co-vinylacetate);  Poly
(glycolide-co-e-caprolactone); Poly(l-lactide-co-
caprolactone); Poly(DL-lactide); Poly-L/D-lactide; Poly
(lactic  acid-glycolic  acid);  Poly(3-hydroxybutyrate)
3-hydroxyvalerate; Poly(caprolactone-co-trimethylene car-
bonate); Poly(N-isopropylacrylamide); Poly(dimethylam-
inoethylmethacrylate) hydrochloride; Poly(D,L-lactide-co-
caprolactone); Poly(I-lactide-co-g-caprolactone); Tricalcium
phosphate.

In further embodiments, one or more layers contain
factors, drugs, agents, proteases and protease inhibitor, tis-
sue and cell response modifiers virus, genetic material, and
cells as described above.

In general, the material of the embodiments described
herein may be alternately formulated to comprise, consist of,
or consist essentially of, any appropriate components herein
disclosed. The material of the disclosed embodiments may
additionally, or alternatively, be formulated so as to be
devoid, or substantially free, of any components, materials,
ingredients, factors, cellular constituents, cytokines, growth
factors, tissue types, genetic elements, adjuvants or species
used in the prior art compositions or that are otherwise not
necessary 1o the achievement of the function and/or objec-
tives of the described embodiments.

EXAMPLES

Gene therapy studies described below demonstrate that 1)
VEGF-A based local gene therapy increases vascular net-
works (blood vessels and lymphatic vessels) at sites of
glucose sensor implantation; and 2) this local increase of
vascular networks enhances and extends glucose sensor
function in vivo (FIG. 7, 8, 9, 10, 11, 12). This data shows
that increasing vascular networks at sites of glucose sensor
implantation enhances continuous glucose monitoring
(CGM) performance in vivo.

Example 1A—Impact of Local Vascular
Endothelial Cell Growth Factor Gene Therapy on
Continuous Glucose Monitoring

To induce sustained vascular networks at sites of sensor
implantation, the potential of local VEGF gene therapy to
extend sensor function and CGM in a murine model was
investigated. Specifically, the impact was determined of
direct injection of adenovirus vectors containing mouse
VEGF gene (AdvVEGF) or AdvLacZ (control virus) at the
sites of glucose sensor implantation in vivo (FIG. 6). Injec-
tions of viruses or solutions were done at the sensor tip post
sensor implantation (see FIG. 6B, arrow). The injection
procedure was as follows:

Detailed Description of Mouse Surgery:

The mice were anesthetized while being monitored for
withdrawal reflex, heart rate, respiratory rate, color, and vital
signs to ensure appropriate anesthesia before surgical pro-
cedures were performed. Prior to the sensor implantation,
the back of the mouse was clipped, shaved, and prepared
with Betadine solutions. Prior to sensor implantation, 100 to
200 ml of injectable sterile, pyrogen free, 0.9% NaCl was
injected subcutaneously (s. c.) in the back area of the
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anesthetized mouse to provide an “implantation pocket”.
The implantation pocket is used to minimize tissue and
sensor damage during sensor implantation. A small opening
was made in the “implantation pocket” using a 23 to
25-gauge needle and the sensor was then implanted in the
subcutaneous pocket with the sensor leads exposed. The size
of the sensor implanted was about 0.5 mm in diameterx1 cm
long. A small polyester mesh was placed on top of the
exposed sensor leads. Sensor leads and nylon mesh were
secured to the shaved mouse skin by applying a coating of
NewSkin (Liquid Bandage). Mice were kept under anesthe-
sia until New Skin Liquid Bandage was dried. Once sensors
are implanted, mice were housed individually as a precau-
tion to prevent dislodging of the sensor. Periodic blood
glucose levels were obtained in the sensor implanted mice.
The adenovirus vectors containing VEGF gene (or a control)
were injected (30 ul of saline containing virus or saline
alone) at site of sensor implantation at various times post
sensor implantation (F1G. 6). 1 dosage of virus is injected for
up to 3 different time intervals (e.g. days 5, 6 and 7 post
sensor placement).

Additional controls of 1) saline injections and 2) no
injections were also done. For each treatment (injection)
sensors were implanted in the mice, and on 3 consecutive
days (days 6, 7 & 8) 30 uls of saline, AdvLacZ or AdvVEGF
were injected at the implanted sensor tip, i.e. the sensing
element of the sensor (see FIG. 6B). After the initial 3
injections were completed there were no further treatments.
Both pre and post injection, the mice were allowed to roam
freely. It should be noted that CGM was done for 28 days
with 21 days post-adenovirus treatment/injection i.e. (days
7-28) to minimize any impact of acquired immunity against
adenovirus infected tissue cells 33, 34. CGM output in nAs
(FIG. 7A-P) was recorded and actual blood glucose levels
were determined using the Abbott Freestyle external monitor
(diamonds in FIG. 7A-P). As can be seen in FIG. 7A-D
sensors implanted in mice with treatments of no-injection,
saline injection (FIG. 7E-H), and Adv-LacZ (viral vector
control) (FIG. 71-L) injection showed periods where the
mouse blood glucose (diamonds) did not correspond to
sensor output (continuous line). On the other hand, sensors
implanted in mice with Adv-VEGF treatment did not expe-
rience these sensor functionality losses (Figure M-P).
Impact of VEGF Gene Therapy on Sensor Function

FIG. 7 shows the results of continuous glucose monitor-
ing (CGM) in saline, Adv-LacZ, and Adv-VEGFa injected
C57BL/6 mice for up to 28 days post sensor implantation
(DPI). FIG. 7A-7D shows a control with no injection. FIG.
7E-TH are representative of CGM in saline (control), FIGS.
71-7L are representative of Adv-LacZ, and FIGS. TM-7P are
representative of Adv-VEGFa injected C57BL/6 mice for up
to 28 days post sensor implantation. Sensor output is
expressed as CGS output (nA) and is represented by the
lines. Diamonds represent blood glucose levels, and tri-
angles represent injections. For this study a total of 80 mice
were evaluated.

Example 1B—Mean Absolute Relative Difference
(MARD) Analysis

To assess the impact of local VEGF gene therapy, the
resulting CGM data were analyzed using standard Mean
MARD analysis. A difference was observed between the
four treatment groups, which was statistically significant, as
per the Kruskal-Wallis test (p=0.003). The data is shown in
FIG. 8. Cumulative average mean MARD from weeks 1 to
4 by treatment group: p-values represent the significance of
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the difference among the four treatment groups in average
mean MARD value for each of individual weeks, by the
non-parametric Kruskal-Wallis test.

FIG. 8 demonstrates the difference and trends in the
MARD values between the treatment groups over the course
of the 28-day experiment. Adv-VEGF-A treated mice had
lower MARD values than all the other control groups,
demonstrating its effectiveness in improving glucose sensor
function. In addition, the difference between the Adv-
VEGF-A MARD values and the other treatment groups grew
over the four weeks. In concert with the timing of the
injections around the end of the first week, it was observed
that the statistical difference between the groups, as evalu-
ated by Kruskal-Wallis tests, was not significant during the
first week (p=0.205), but becomes statistically significant in
weeks 2, 3, and 4 (p=0.011, 0.002, and 0.008, respectively).

FIG. 10 shows Average Mean Absolute Relative Differ-
ence (MARD) values for all four weeks of mice treated with
adenoviral vectors bearing VEGF-A or LacZ (Adv-VEGF-A
or Adv-LacZ), and their saline or no injection controls. FIG.
10 demonstrates the statistical comparisons between the
total mean MARDs for mice within each treatment group.
As shown in FIG. 10, it was observed that the Adv-VEGF-A
treated mice had a total (for the entire 4 week testing period)
mean MARD of 17.44+/-5.72%, whereas the Saline and No
Injection C57BL/6 control mice had intermediate MARDs
of 24.91+/-15.74% and 23.50+/-9.83% respectively, and
Adv-LacZ had the worst mean MARD of 31.49+/-14.50%.
The Adv-VEGF-A treated mice had significantly (p<0.05)
lower total mean MARD than every other treatment group,
as measured by student t-tests. In addition, the Adv-
VEGF-A mean MARD data was normally distributed, and
had a smaller standard deviation than every other group. The
sample sizes are relatively large for such investigations with
approximately 15 or more mice in each group.

Example 1C—Blood Vessel Density and
Regression Analysis

The measured and calculated density of blood vessels
among four treatment groups showed a statistically signifi-
cant increase in the percent area of tissue surrounding the
implanted sensor which were identifiable blood vessels, as
per immunohistology. The mean percent area, which was
blood vessel, for the Adv-VEGFa treated group of mice was
2.15+/-1.55%, whereas the Adv-LacZ, saline, and no treat-
ment groups had mean percent blood vessel areas of 0.77+/-
0.23%, 0.76+/-0.48%, and 1.03+/-0.41%, respectively. The
statistical significance of the difference among the four
treatment groups, measured by the ANOVA statistical test,
was a p-value of 0.003. In two tailed student t-tests directly
comparing the Adv-VEGFa group to the other three treat-
ment groups specifically, also showed that the Adv-VEGFa
mean percent area was statistically greater than the Adv-
LacZ, saline, and no treatment groups, with p-values of 0.02,
0.02, and 0.05 respectively. FIG. 9 demonstrates the relative
distributions of blood vessel density, through a boxplot of
the percent blood vessel area of the respective treatment
groups. To determine if there was a significant statistical
relationship between the observed increase in blood vessel
density and improved sensor function, we conducted a linear
regression analysis between blood vessel density and
MARD values. As seen in FIGS. 9, 10, 11 and 12, for those
mice among all treatment groups that survived the entire
four week time course of the experiment and whose blood
vessel density around the sensor was measured, a functional
improvement of 9.12+/-2.77% decrease in MARD for every
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1% increase in blood vessel area was observed. This ratio
was statistically significant with a p-value of 0.005 and had
a correlation R? value of 0.40. In addition, a trend in the
significance of the positive relationship between increased
percent area as blood vessel and improved sensor function
can be seen in FIG. 12.

FIG. 12 provides a simple linear regression analysis that
was conducted on matching histological samples from all
treatment groups, whose lymphatic and blood vessels were
quantified in counts per square millimeter of mouse back
tissue, proximal to the glucose sensor implantation site. The
ratio of lymphatic to blood vessels suggests that lymphatic
and blood vessels growth, formation, and maintenance track
in a 1 to 1 ratio. The significance is expressed as p-values
with statistical significance achieved at p<0.05. R* repre-
sents the correlation between the blood and lymphatic vessel
variables, as counts per square millimeter.

The significance of the linear regression models and their
coeflicients grows over the four-week time course of the
experiment, with those experiments in the fourth week
having the greatest significance. This trend parallels the very
similar increasing significance of the better and improving
MARD values of the Adv-VEGFa injected mice as com-
pared to the other treatment groups, over the same four week
time course, as seen in FIG. 8. Assuming that Adv-VEGFa
injections are efficacious, these two trends match the results
one would expect from the timing of the injections, which
occurred around the end of the first week, 1.e. days 6, 7, and
8. As seen in FIG. 12, we observe that the statistical
significance of the linear regression models and their coef-
ficients, is not significant during the first and second weeks
(p=0.442 and 0.111, respectively), but become statistically
significant in weeks 3 and 4 (p=0.018 and 0.005, respec-
tively), and consistently grows throughout the four-week
experimental time course.

Example 1D—Analysis of the Impact of
Adv-VEGF on Hemangiogenesis at Sensor
Implantation Sites

To evaluate the impact of Adv-VEGFa and control treat-
ments at sensor implantation sites, tissue samples were
obtained from the implantation sites of the various treat-
ment/injection groups and fixed in Zn buffer. The resulting
samples were processed for immunohistochemistry (IHC)
for vessel detection and quantitation. Mouse blood vessels
were detected using anti-mouse CD31?7. Non-immune IgG
was used as a specificity control for both antibodies. The
resulting THC slides were digitized using an Aperio Digital
Microscope. The resulting digital images were analyzed for
hemangiogenesis (H-Angio) using Image] (NIH). FIG. 9,
Blood Vessel Analysis, is a boxplot of blood vessel density
as measured by percent area and treatment group. P-values
at the top represent student t-test p-values for the signifi-
cance of the difference between the paired comparisons with
Adv-VEGF blood vessel density indicated by the lines.

The resulting data was statistically evaluated using stu-
dent t-test. Adv-VEGFa induced a 1.9, 2.5, and 2.4 fold
increase in mean blood vessel percent area H-Angio at
sensor implantation sites when compared to non-injected
(p=0.025), saline injected (p=0.019) or Adv-LacZ
(p=0.004), respectively. These studies clearly demonstrate
that Adv-VEGFa increases H-Angio at sensor implantation
sites when compared to non-injected and various control
treated sensor implantation sites. Equally important is the
fact that sensor performance was also enhanced by Adv-
VEGFa when compared to all controls (see total mean
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MARD, FIG. 10). These studies establish “proof of prin-
ciple” that increasing H-Angio with Adv-VEGFa signifi-
cantly increases sensor function and CGM.

Example 1E—Analysis of the Impact of
Adv-VEGF-A on Lymphangiogenesis at Sensor
Implantation Sites

To evaluate the impact of Adv-VEGF-A and control
treatments at sensor implantation sites, tissue samples were
obtained from the implantation sites of the various treat-
ment/injection groups and fixed in Zn buffer. The resulting
samples were processed for immunohistochemistry (IHC)
for vessel detection and quantitation. Mouse lymph vessels
were detected using anti-mouse podoplanin(8), while mouse
blood vessels were identified using anti-CD31 immunohis-
tochemistry. Non-immune IgG was used as a specificity
control for both antibodies. The resulting THC slides were
digitized using an Aperio Digital Microscope. The resulting
digital images were analyzed for lymphangiogenesis (I.-An-
gio) using Imagel] (NIH). The mean percent area as lymph
vessel, for the Adv-VEGF-A treated group of mice was
2.12+/-0.81%, whereas the Adv-LacZ, saline, and no treat-
ment groups had mean percent lymph vessel areas of
0.67+/-0.46%, 0.48+/-0.18%, and 0.91+/-0.66%, respec-
tively. The statistical significance of the difference among
the four treatment groups, measured by the ANOVA statis-
tical test, was a p-value of 2.03x1075. FIG. 11 demonstrates
the relative distributions of lymph vessel density, through a
boxplot of the percent lymph vessel area of the respective
treatment groups. The resulting data was statistically evalu-
ated using student t-test. Adv-VEGF-A induced a 2.3, 4.5,
and 3.2 fold increase in mean lymph vessel percent area
L-Angio at sensor implantation sites when compared to
non-injected (p=0.001), saline injected (p=0.0001) or Adv-
LacZ (p=0.0002), respectively. These studies clearly dem-
onstrate that Adv-VEGF-A increases L-Angio at sensor
implantation sites when compared to non-injected and vari-
ous control treated sensor implantation sites. Equally impor-
tant is the fact that sensor performance was also enhanced by
Adv-VEGF-A when compared to all controls (see total mean
MARD, FIG. 10). These studies establish “proof of prin-
ciple” that increasing [-Angio with Adv-VEGF-A signifi-
cantly increases sensor function and CGM.

Example 1F—Blood Vs Lymph Graph

Lymphatic and blood vessels from histological samples of
all treatment groups were quantified in counts per square
millimeter of mouse back tissue, proximal to the glucose
sensor implantation site, as per immunohistology following
staining of selected samples against CD31 and podoplanin
antigens, to identify blood and lymph vessels respectively.
In FIG. 12, a graph of the relationship between blood and
lymphatic vessel counts for each individual sample is illus-
trated, with a linear trend line. In addition, simple linear
regression analysis was conducted on these counts per
square millimeter of blood and lymphatic vessels in mouse
back tissue. The ratio of lymphatic to blood vessels (1.06+/-
0.25) suggests that lymphatic and blood vessel growth,
formation, and maintenance track in a 1 to 1 correspon-
dence, which is consistent with other observations, particu-
lar in cornea experimental models (ref). Particularly in
response to VEGF-A, the vessel growth of both blood and
lymph vessels are biologically coordinated. As shown in
FIG. 13B, the linear regression model of this blood and
lymph coordination from our histological observations was
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very significant (p=0.0001), particularly since the sample
size for this model was relatively large (n=39). R? represents
the statistical correlation between the blood and lymphatic
vessel variables, as counts per square millimeter, and was
0.33.

Example 1G—Lymph Vessel Density and
Regression Analysis

To determine if there was a significant statistical relation-
ship between the observed increase in lymph vessel density
and improved sensor function, we conducted a linear regres-
sion analysis between lymph vessel density and MARD
values.

FIG. 13C provides a simple linear regression analysis to
determine the contribution of lymph vessel density to glu-
cose sensor function. Reduction in average Mean Absolute
Relative Difference (MARD) values represents an improve-
ment in glucose sensor function. Quantified increases in
lymphatic vessels, as measured in percent area as lymphatic
vessel, are determined to decrease MARD values by the
ratios in the table above, and therefore improve glucose
sensor function. The results are tabulated for all data com-
bined (total) and cumulative one, two, three, and four weeks
only, i.e. all those mice that survive into the first, second,
third, and fourth weeks respectively. The significance is
expressed as p-values with statistical significance achieved
at p<0.05. R” represents the correlation between MARD and
percent area as lymphatic vessel variables.

As seen in FIG. 13C, for those mice among all treatment
groups that survived the entire four week time course of the
experiment and whose lymph vessel density around the
sensor was measured, a functional improvement of -4.29+/-
1.70% decrease in MARD for every 1% increase in lymph
vessel area was observed. This ratio was statistically sig-
nificant with a p-value of 0.024 and had a correlation R*
value of 0.30. In addition, a trend in the significance of the
positive relationship between increased percent area as
lymph vessel and improved sensor function can be seen in
FIG. 13C. The significance of the linear regression models
and their coefficients grows over the four-week time course
of the experiment, with those experiments in the fourth week
having the greatest significance. This trend parallels the very
similar increasing significance of the better and improving
MARD values of the Adv-VEGF-A injected mice as com-
pared to the other treatment groups, over the same four week
time course, as seen in FIG. 8. Assuming that Adv-VEGF-A
injections are efficacious, these two trends match the results
one would expect from the timing of the injections, which
occurred around the end of the first week, i.e. days 6, 7, and
8. As seen in FIG. 13C, we observe that the statistical
significance of the linear regression models and their coef-
ficients, are not significant during the first, second, or third
weeks (p=0.69, 0.226, and 0.080 respectively), but become
statistically significant only in week 4 (p=0.024), but con-
sistently grows throughout the four week experimental time
course. The linear regression model was also statistically
over the entire 4 week time course, (p=0.046).

By comparison, the mean percent area as blood vessel, for
the Adv-VEGF treated group of mice was 2.15+/-1.55%,
whereas the Adv-LacZ, saline, and no treatment groups had
mean percent blood vessel areas of 0.77+/-0.23%, 0.76+/-
0.48%, and 1.03+/-0.41%, respectively. The statistical sig-
nificance of the difference among the four treatment groups,
measured by the ANOVA statistical test, was a p-value of
0.003. In two tailed student t-tests directly comparing the
Adv-VEGF group to the other three treatment groups spe-
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cifically, also showed that the Adv-VEGF mean percent area
was statistically greater than the Adv-LacZ, saline, and no
treatment groups, with p-values of 0.02, 0.04, and 0.05
respectively (FIG. 9). FIG. 11 demonstrates the relative
distributions of blood vessel density, through a boxplot of
the percent blood vessel area of the respective treatment
groups. To determine if there was a significant statistical
relationship between the observed increase in blood vessel
density and improved sensor function, we conducted a linear
regression analysis between blood vessel density and
MARD values.

FIG. 13A provides a simple linear regression analysis was
conducted to determine the contribution of blood vessel
density to glucose sensor function. Reduction in average
Mean Absolute Relative Difference (MARD) values repre-
sents an improvement in glucose sensor function. Quantified
increases in blood vessels, as measured in percent area as
blood vessel, are determined to decrease MARD values by
the ratios in the table above, and therefore improve glucose
sensor function. The results are tabulated for all data com-
bined (total) and cumulative one, two, three, and four weeks
only, i.e. all those mice that survive into the first, second,
third, and fourth weeks respectively. The significance is
expressed as p-values with statistical significance achieved
at p<0.05. R? represents the correlation between MARD and
percent area as blood vessel variables.

As seen in FIG. 13A, for those mice among all treatment
groups that survived the entire four week time course of the
experiment and whose blood vessel density around the
sensor was measured, a functional improvement of 9.12+/-
2.77% decrease in MARD for every 1% increase in blood
vessel area was observed. This ratio was statistically sig-
nificant with a p-value of 0.005 and had a correlation R?
value of 0.40. In addition, a trend in the significance of the
positive relationship between increased percent area as
blood vessel and improved sensor function can be seen in
FIG. 13A. The significance of the linear regression models
and their coeflicients grows over the four-week time course
of the experiment, with those experiments in the fourth week
having the greatest significance. This trend parallels the very
similar increasing significance of the better and improving
MARD values of the Adv-VEGF-A injected mice as com-
pared to the other treatment groups, over the same four week
time course, as seen in FIG. 8. Assuming that Adv-VEGF
injections are eflicacious, these two trends match the results
one would expect from the timing of the injections, which
occurred around the end of the first week, i.e. days 6, 7, and
8. As seen in FIG. 13A, we observe that the statistical
significance of the linear regression models and their coef-
ficients, is not significant during the first and second weeks
(p=0.442 and 0.111, respectively), but become statistically
significant in weeks 3 and 4 (p=0.018 and 0.005, respec-
tively), and consistently grows throughout the four-week
experimental time course.

Example 1H—Combined Linear Regression Model
with Both Blood and Lymph Variables

Simple linear regression analysis was then conducted to
determine the contribution of both blood and lymph vessel
density to glucose sensor function. Reduction in average
Mean Absolute Relative Difference (MARD) values repre-
sents an improvement in glucose sensor function. Quantified
increases in both blood and lymph vessels, as measured in
percent area as blood or lymph vessel, were determined to
decrease MARD values by the ratios described above, and
therefore improve glucose sensor function. The results are
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tabulated for all data combined (total) and cumulative one,
two, three, and four weeks only, i.e. all those mice that
survive into the first, second, third, and fourth weeks respec-
tively.

FIG. 13D provides a simple linear regression analysis to
determine the contribution of both blood and lymph vessel
density to glucose sensor function. Reduction in average
Mean Absolute Relative Difference (MARD) values repre-
sents an improvement in glucose sensor function. Quantified
increases in blood vessels, as measured in percent area as
blood vessel, are determined to decrease MARD values by
the ratios in the table above, and therefore improve glucose
sensor function. The results are tabulated for all data com-
bined (total) and cumulative one, two, three, and four weeks
only, i.e. all those mice that survive into the first, second,
third, and fourth weeks respectively. The significance is
expressed as p-values with statistical significance achieved
at p<0.05. R? represents the correlation between MARD and
both the percent area as blood vessel and percent area as
lymphatic vessel variables, as per this linear regression
model.

As seen in FIG. 13D, for those mice among all treatment
groups that survived the entire four week time course of the
experiment and whose blood and lymph vessel density
around the sensor was measured, a functional improvement
of 7.13+/-4.74% decrease in MARD for every 1% increase
in blood vessel area, and a 1.284/-2.59% decrease in
MARD for every 1% increase in lymph vessel area was
observed. This ratio was statistically significant with a
p-value of 0.03 and had a correlation R? value of 0.40. In
addition, a trend in the significance of the positive relation-
ship between increased percent area as blood and lymph
vessel and improved sensor function can be seen in FIG.
13A. As seen in FIG. 13D, it was observed that the statistical
significance of the linear regression models and their coef-
ficients, is not significant during the first, second, and third
weeks (p=0.321, 0.293, and 0.068 respectively), but
becomes statistically significant in week 4 (p=0.030), and
consistently grows throughout the four-week experimental
time course. R represents the correlation between MARD
and both the percent area as blood vessel and percent area as
lymphatic vessel variables, as per this linear regression
model was 0.40, approximately the same as for the linear
regression model for MARDs with the blood vessel variable
alone.

Example 2—Basement Membrane Coating for
Glucose Sensors

In order to develop a protocol for matrix coating of
glucose sensors that would allow a simple in vivo sensor
implantation a coating and drying protocol was developed
for coating the glucose sensors. In this Example, modified
Abbott Navigator sensors were used. FIG. 14 contains
photographs depicting cell culture derived basement mem-
brane (Matrigel) coating of Abbott Navigator sensor tip
combined contribution(s) of H-Angio and L-Angio to this
enhanced CGM seen in Adv-VEGF treatment of the implan-
tation sites.

The addition of Matrigel basement membrane to the
Navigator sensors resulted in a simple “jelly-like” coating
around the sensor (FIG. 14A). To assure that the Matrigel
basement membrane coating would stay associated with the
sensor during sensor insertion, the Matrigel coated sensor
was air-dried overnight (FIG. 14B). The basement mem-
brane coating on the sensors was then re-hydrated with H,O
(FIG. 14C). The Matrigel basement membrane dried as an
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even coating, and was also able to rapidly re-hydrate. The
rapid re-hydrating of the dry Matrigel on the sensor provided
significant biocompatibility and a protective barrier around
the implanted sensor, and also provided a flexible tissue
response modifier delivery system. It should also be noted
that with multi ECM layers involving coating and dehydrat-
ing there can be a significant accumulation of salt in the
dried basement membrane. The final rehydration and drying
cycle allows for removal of the excess salts from the
multi-coated Matrigel, which may otherwise be toxic to the
tissue.

Example 3—Impact of Basement Membrane on
Glucose Sensor Function In Vivo

Once it was determined that Matrigel does not adversely
affect functionality and sensitivity of the sensor in vitro
(FIG. 15), the effect of Matrigel on sensor function in vivo
was then determined (FIG. 16). For that, 15 ul of Matrigel
(growth factor enriched) were added to the tip of the sensor
and allowed to dry and then implanted as previously
described. Sensors were implanted in the presence (Matri-
gel+sensor) or absence (buffer+sensor) of Matrigel. Imme-
diately after sensor implantation, continuous glucose moni-
toring (CGM) was initiated using the mouse system. Sensor
accuracy was further evaluated by calculation of the MARD.
Non-Matrigel treated sensor had MARD values of 11.3% for
the period up to 4 DPI and 38.0% for the CGM period of 4
to 14 DPI (F1G. 16A). The significant increase in the MARD
value for non-Matrigel treated sensors was also reflected by
the fluctuating sensor response not correlating with blood
glucose levels (FIG. 16-A). MARD value for Matrigel
treated sensor ranged from 7.6% to 6.6% for the testing
period up to 4 DPI and 4 DPI to 14 DPI, respectively (FIG.
16-B). It is believed that Matrigel likely enhances sensor
performance by protecting the sensor from biofouling.

In summary, these studies demonstrate that a bio-active
membrane such as Matrigel can dramatically enhance sensor
function in vivo. These studies also support the hypothesis
that the uses of bio-matrices such as basement membrane
increase the in vivo lifetime of an implantable glucose
sensor. It should be noted that the data in FIG. 16 is
compressed and as such the sensor response might appear as
noisy signals. This is only an artifact of the presentation of
the data over the 14-day time frame and due to the many data
points obtained over this time frame (e.g 1 data point/
minute). Although the animals are not diabetic in these
studies the mouse glucose level is still not stagnant (range
for normal glucose level is 80-120 mg/dL) and the waves of
glucose excursion can appear as noisy.

Example 4—Coating Glucose Sensors with
Basement Membrane

In order to determine capability of layers of matrices on
our sensors, 5 ul of 10 mg/ml Matrigel was added to the tip
of a biosensor (Abbott Freestyle Navigator). Prior to Matri-
gel addition and immediately following Matrigel addition,
sensors were tested in a 113 mg/dL buffered glucose solu-
tion. Additionally, the sensors were tested 12 hours post-
Matrigel addition. For that, Matrigel was added to sensor
tips and allowed to dry overnight. Sensors containing matrix
Matrigel was allowed to re-hydrate for 30 minutes prior to
testing in buffered glucose solution. It was found that sensor
sensitivity remained unchanged in any of the tested condi-
tions for both Nafion coated and Abbott Navigator sensor. To
verify that Matrigel remains on the sensor tip rather than
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being stripped off once submerged in buffer or when adding
additional Matrigel layers, pictures were taken at various
Matrigel coating stages utilizing a dissecting microscope
connected to a camera. FIG. 14A shows the sensor tip with
the addition of 5 ul of Matrigel. FIGS. 14B and 14C shows
the sensor tip after overnight drying of Matrigel on sensor tip
and with re-hydration of Matrigel in H,O, respectively.

Example 5—Effect of the Basement Membrane on
Glucose Sensor Function in Vitro

To determine if matrix Matrigel is a physical barrier to
glucose diffusion, the in vitro response of glucose sensors
was determined with and without Matrigel coating. For
these studies, glucose was added to the sensor (with or
without Matrigel) after stabilization of the sensors in phos-
phate buffered saline (PBS), and sensor response was fol-
lowed (FIG. 15). Next, the sensor was removed from the
PBS/glucose solution, washed in PBS and then a Matrigel
coating (10 mg/ml) was added to the working electrode of
the glucose sensors. After polymerization of the Matrigel,
the glucose sensors were retested at 37° C. as described
above. Representative results are presented in FIG. 15, in
which S, indicates the sensor response (e.g. sensor drift) and
t,, indicates sensor delay. For these studies it was assumed
that glucose addition to PBS resulted in a homogenous
solution instantaneously (time delay=0). As can be seen in
FIG. 15A there was no significant difference in the S ort_,
when we compared the Matrigel coated (FIG. 15B) versus
sensors without Matrigel (FIG. 15A) coatings. This prelimi-
nary data supports the previous in vitro and in vivo data that
supports the use of matrices such as Matrigel in enhancing
sensor function.

Example 6—Impact of Basement Membrane on
Glucose Sensor Function In Vivo

The effect of Matrigel on sensor function in vivo was
determined. Prior to implantation sensors were treated with
Matrigel. For that, 5 ul of Matrigel (growth factor enriched)
were added to the tip of the sensor and allowed to dry. Two
additional Matrigel coatings were added to the sensor with
drying steps between each step. Sensors were implanted the
day following Matrigel treatment. Sensors were implanted
in the presence (Matrigel+sensor) or absence (buffer+sen-
sor) of Matrigel. Immediately after sensor implantation,
continuous glucose monitoring (CGM) was initiated using
the mouse system. Glucose-derived current data were
obtained at 60-sec intervals. Blood glucose reference mea-
surements were obtained periodically over the 14-day
implantation period, using blood obtained from the tail vein
(~0.3 uL) and a FreeStyle Blood Glucose Monitor. First
CGM of non-Matrigel treated sensors implanted in normal
mice (CD-1) was evaluated. As can be seen in FIG. 16A,
sensor output only shows one sensor drift at around day 3 in
the first 6 DP1. However, at approximately 1-week post
implantation the sensor experienced a sharp decline in
sensor performance. Although a sensor signal is still being
measured, it appears to be more random and it does not
reflect the glucose level of the mouse (FIG. 16A). Alterna-
tively, sensors treated with Matrigel prior to implantation
performed exceptional during the entire 14-day testing
period (FIG. 16B). Specifically, blood glucose levels for
both sensors implanted in the mice generally ranged from 80
to 150 mg of glucose/dL of blood, with CGS current ranging
from 1 to 9 nA for non-treated Matrigel sensors and 4 to 8
nA for Matrigel treated sensors. It appears that Matrigel
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enhances sensor performance by both protecting the sensor
from biofouling as well as protecting the tissue surrounding
the sensor from tissue toxic factor released from the sensor
(H,0, and gluconic acid). In summary, these studies clearly
demonstrate that Matrigel can dramatically enhance sensor
function in vivo. These studies also show that the uses of
bio-matrices such as Matrigel with glucose sensors, dramati-
cally increases the in vivo lifetime of an implantable glucose
sensot.

Example 7—Usage of “Dry” Bio-Matrices to
Deliver Adenovector Genes In Vitro

GFP-adenovirus was used as a gene transfer marker and
indicator cells A375 to determine the ability of air dried/4°
C. bio-matrices to release functional adenovirus. For these
studies GFP-adenoviruses were added to buffer, Matrigel
(10 mg/ml) or collagen (0.1%) at varying final concentra-
tions (i.e. serial dilutions). 200 ul of each of the resulting
solutions were added to individual wells of a 24-well plate
and allowed to dry overnight at 4° C. The next day A375
indicator cells were added to each of the wells and allowed
to adhere and were cultured overnight at 37° C. and 5% CO,,.
As can be seen in FIG. 17A, C, E bright field photographs
A375 cells were viable 24 hr post seeding to the wells.
Additionally, under all conditions A375 cells were bright
green when viewed under fluorescence microscopy (FIG.
17B, D, F), indicating that under all conditions adenovirus
were viable and successfully transferred the GFP gene to the
A375 cells. If the GFP adenoviruses were not viable after
drying, the A375 cells would not have turned green under
fluorescence microscopy. Analysis of the serial dilution
results of these studies also indicated that the GFP-Adeno-
virus were 10-100x times more viable when GFP-adenovi-
rus were dried in the presence of Matrigel or collagen when
compared to drying in buffer only. These studies clearly
support the concept that drying adenovectors in the presence
of bio-matrices preserves virus infectivity. Thus, this sup-
ports the idea that “dry” adenovector-bio-matrices can be
used to locally deliver genes that are important in controlling
TRT at sites of sensor implantation. We anticipate that if we
utilize lyophilization to dry matrices we will likely get even
greater adenovector gene transfer, when compared to air-

drying.

Example 8—Uses of “Dry”
GFP-Adenovector/Bio-Matrix Coated Glucose
Sensors to Deliver Genes to Cells In Vitro

Since glucose sensors have different coatings than cell
culture dishes and also contain glucose oxidase, which
releases both H,0, and gluconic acid as breakdown products
of glucose, the cell culture studies described above were
extended by coating Abbott Navigator sensors with GFP-
Adenovirus/Bio-matrix coatings (Matrigel) and air drying
them overnight at 4° C. The resulting Adenovirus/Bio-
matrix coated sensors (Matrigel or collagen) were then
placed in a cell culture dish, and media containing A375
indicator cells were added to the well. As can be seen in FIG.
18A (GFP-adenovector-Matrigel coating) and FIG. 18B
(GFP-adenovector-collagen coating), air-drying of the GFP-
adenovector in Matrigel or collagen remained functional.
This is indicated by the ability of the GFP-adenovectors to
transfer the GFP to the indicator A375 cells in vitro. It
should be noted that rehydration of the Matrigel by the
media causes significant swelling of the dry Matrigel into a
small “mound” around the sensor (see FIG. 14 above). Since
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Matrigel auto-fluoresces, the rehydrated Matrigel can easily
be seen surrounding the sensor in the 10x photomicrographs
in FIG. 18A. These sensor studies clearly demonstrate that
adenoviruses can be dried in the presence of bio-matrices
and remain functional. These studies support the feasibility
of using dry bio-matrix coatings for local/targeted gene
transfer studies at sites of glucose sensor implantation in
vivo

Example 9—Genetic Engineering and Gene
Therapy

Example 9A—FEstablishing hCAR Transgenic Mice
Colony

To expedite the adenovector studies, hCAR mice were
obtained. Lymphocytes are known to have low levels of
CAR and as such are not infectable with adenovectors. In
order to confirm that lymphocytes derived from hCAR mice
are infectable with adenoviruses, spleen cells were isolated
and infected using an adenovirus carrying the gene for GFP.
As expected, spleen cells from hCAR mice were infectable
with GFP adenoviruses (FIGS. 19A and 19B), but control
spleen cells from C57BL/] were not (see FIGS. 19C and
19D).

Example 9B—In Vitro Expression of mVEGF,
hVEGF and hHGF by Mouse hCAR BM-ECP after
Exposure to Adenovectors Containing Genes for
Angiogenic Factors (AF)

Once it was established that hCAR derived lymphocytes
were transfectable with GFP adenoviruses, AF expression
was determined in bone marrow derived endothelial cell
progenitors (BM-ECP) transfected with AF adenoviruses.
The AF adenoviruses used for this study were mVEGE,
hVEGF and hHGF. The controls for the AF studies were: 1)
GFP adenovectors and 2) BM-ECP treated with control
media (buffer). After transfection with the viruses or expo-
sure to the control buffer, individual cell culture supernatants
were obtained at various times post exposure. AF Expres-
sion (mVEGF, hVEGF and hHGF expression) in these
supernatants was quantified by ELISA. Control BM-ECP
cells were isolated from bone marrow from normal (non-
hCAR) mice and treated in an identical fashion. BM-ECP
isolated form normal mice (i.e. non-hCAR mice) did not
produce any significant AF under any treatment condition
(data not shown). Additionally, buffer and GFP-adenovirus
treated hCAR BM-ECP also did not produce any significant
AF in vitro (FIG. 20). Alternatively, hCAR BM-ECP
exposed to the AF adenovectors produced rapid expression
of the AF factors for all the adenovectors (i.e. mVEGE,
hVEGF and hHGF transfected hCAR BM-ECP cells) see
FIG. 20. Thus, the GFP and ELISA data clearly indicate that
one can 1) infect ECP cells with adenovirus, and 2) that
these infected cells clearly produce the specific AF’s when
exposed to AF adenovirus vectors in vitro.

Example 9C—hCAR Adenovirus Enhances
Infectivity by Adenoviruses and Angiogenic Factor
Expression

Previous studies have demonstrated that increased expres-
sion of CAR on cell surfaces enhances adenovirus infectiv-
ity and resulting gene expression in cell. To test this possi-
bility hCAR derived ECP were infected with adeno-GFP
vectors with or without prior exposure to hCAR adenovirus.
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As expected non-adeno-GFP infected cells showed no fluo-
rescence (FIG. 20B), cells infected with GFP-Adv (FIG. 9D)
became fluorescent but cells infected with viruses GFP-Adv
then hCAR-Ady display a dramatic increase in fluorescence
(FIG. 20F). FIG. 20A is the brightfield control to FIG. 20B.
FIG. 20C is the brightfield control to FIG. 20D. FIG. 20E is
the brightfield control to FIG. 20F. This data clearly dem-
onstrated that the hCAR adenovirus is a potent enhancer of
Adenovirus infectivity and gene expression likely as a result
of allowing super infection of the target cells. To extend
these studies the ability of pre-infection of target cells with
hCAR adenovirus was determined in order to determine
enhanced angiogenic factor expression for these cells.
hCAR derived BM-ECP were treated with 1) buffer, 2)
GFP-adenovirus, 3) HGF-Adenovirus or 4) hCAR-adenovi-
rus followed by exposure to hHGF-adenovirus. hHGF
expression was only detected in the hHGF infected BM-ECP
cells (FIG. 21). Cells infected with hCAR-adenovirus plus
hHGF-adenovirus displayed a 3 to 5-fold higher hHGF
expression when compared to the hHGF-adenovirus
infected cells. The peak hHGF production by hCAR-hHGF
cells in vitro was 48 hrspost infections with 15.2 ng/hHGF/
ml versus 2.8 ng/hHGF/ml for hHGF cells not previously
treated with hCAR (FIG. 21). No hHGF protein production
was seen in cells treated with buffer or GFP (FIG. 21). The
ELISA data clearly indicates that BM-ECP cells treated with
hCAR in addition to hHGF significantly enhances angio-
genic factor expression.

Example 10—P39 Adenovirus Enhances
Angiogenic Factor Expression

To determine whether PR39 adenovirus is able to enhance
angiogenic factor expression, i.e. VEGF, human A375 cells
were treated with buffer, GFP-adenovirus or PR39-Adeno-
virus, and VEGF expression determined by ELISA analysis
of the resulting cell culture supernatants. Since A375 cells
are human cells, they naturally express low levels of VEGF
at baseline (buffer) and control (GFP-adenovirus) (FIG. 22).
However, A375 cells infected with adenovirus carrying gene
for PR39 significantly enhanced hVEGF expression by 2.7
fold 24 hours post infection, 6.1-fold 48 hours, and 9.1-fold
72 hours post infection with PR-39. The peak hVEGF
production in vitro was 72-hours post infection and 4.8
ng/hVEGF/ml versus 0.5 ng hVEGF/ml in A375 cells
treated with either buffer or GFP (FIG. 22). The data clearly
indicate that PR39 can induce VEGF expression in cells
likely by inducing the HIF-1a pathway resulting in expres-
sion of the potent angiogenic factor VEGF.

Example 11—HCAR Adenovirus Plus P39
Adenovirus Enhances Angiogenic Factor
Expression in Mouse Fat Cells

For these studies, mouse fat cells were plated at identical
numbers (10° cells/well) and incubated with the various Adv
of buffer for 24 hr., then the cells were washed and fresh
media was added. At 24, 48 and 72 hr. post incubation the
culture media was removed and assayed for mouse VEGF by
ELISA. As can be seen in FIG. 23A the mVEGF-AdV
induced significantly higher mVEGF expression (Approxi-
mately 200 pg/ml by 72 hrs.), where the levels in both
GFP-AdV and buffer treated cells was virtually undetectable
(FIG. 23C). The results of these studies clearly demonstrate
PR-39-peptide AdV to induce mVEGF expression (Ap-
proximately 200 pg of mVEGE/ml by 72 hrs.), in the mouse
fat cells (FIG. 23B). Finally, since cells that carry the AdV
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receptor CAR (see background) can not only be infected by
Advs but with increased expression of CAR can be super-
infected by multiple Advs. Therefore, we determined that if
fat cells are pre-infected with Adv that expresses hCAR that
we would get higher expression of hCAR on the surface of
the cells which would allow even greater infection by
another AdV, ie. PR-39. As can be seen in FIG. 23C,
pre-incubating the mouse fat cells with the hCAR Adv
resulted in a super induction of mVEGF in the same mouse
fat cells (i.e. nearly 800 pg of mVEGF/ml of media), nearly
4 times the levels of mVEGF induced by mVEGF-Adv or
PR-39-AdV alone (FIG. 23C). Combined mVEGF-AdV
plus PR-39 AdV mVEGF expression levels seen in FIG.
23C, were over twice the additive levels of mVEGF-AdV
plus PR-39-AdV thus supporting the possible synergy in
gene expression when hCAR expression is induced on cell
surfaces. Thus, hCAR-AdV can be used in combination with
other AdV to enhance gene expression directly in vivo or as
part of genetically engineering cells in vitro for in vivo use.

Prophetic Example 12

Fibronectin (FN) can be used as a crosslinking agent for
extracellular matrix (ECM) such as basement membranes
and collagen to hold the basement or collagen together
(make ECM stronger). FN can be first coated on the device
(acting as an adhesive), and then ECM can be added to stick
the ECM to the devices more tightly/stronger. FN can be
added as a coating at any stage of the coating process and
even can be used during one of the hydration steps in the
form of a solution. FN can be used as an adhesive between
layers with or without hydration steps.

Drying steps with FN and other ECM are believed to
increase the crosslinking of FN to ECM. Also the drying step
can increase the tightness by which additional factors such
as cytokines, chemokines, growth factors and inhibitors of
inflammation and fibrosis (CGFI) bind to the FN and the
other ECM present in the coating layers

Because of the ability of FN to bind various peptides and
proteins, it can be utilized as a drug delivery system when
itis added into the extracellular matrix. For example, FN can
be added to basement membranes containing factors, and
then the factors are released from the ECM in order to
benefit the surrounding tissue, such as by inducing vessel
formation, suppressing inflammation and suppressing fibro-
sis.

Itis believed that the “dry” matrices may actually be more
efficient in retaining proteins and peptides (i.e. slower
release kinetics) when compared to the “wet” matrices.
Factors such as cytokines chemokines, growth factors anti-
bodies recombinant proteins as well as inhibitors of inflam-
mation and fibrosis can be cross-linked directly to the matrix
using a cross-linking agent. Factors also can be indirectly
crosslinked to the extracellular matrix using fibronectin or
fibronectin related peptides that bind to fibronectin (i.e.
fibronectin binding domains or peptides fragments of fibrin,
collagen or RGD peptides). The fibronectin molecule or
fragments act as a bridge to link the various CGFI to the
various bioactive matrices (see FI1G. 25).

Additionally, CGFI often bind to matrices as a mechanism
for long-term localization of these factors in tissue sites (e.g.
wounds and ulcers). Generally, these bound factors interact
directly with cells that are in contact with the matrix itself.
This solid phase activation of cells is frequently referred to,
as “you are what you sit on.” It is believed that having
rapidly releasing factors (e.g. anti-inflammatory) working



US 10,405,961 B2

43

together with slow releasing or bound factors is beneficial to
control delayed tissue reactions such as fibrosis and neo-
vascularization.

It is believed that rapidly releasing anti-inflammatory
factors such as IL-10, IL-1ra, and sTNFR are useful in
stopping inflammation, where as anti-fibrotic agents such as
P144, sTGFR or anti-CD40 are most useful in a delayed
release or even remain bound to the matrix, thereby inacti-
vating in-fluxing fibroblasts and suppressing fibrosis. Addi-
tionally, late releasing angiogenic factors are expected to be
useful in promoting angiogenesis at a later time frame, i.e.
after the inflammatory reactions. Factors such as hepatocyte
growth factor (HGF) have an impact on the tissue reaction
triad (TRT) of inflammation fibrosis and vessel regression at
sites of sensor implantation shown by suppressing both
inflammation and fibrosis, as well as promoting angiogen-
esis. It is believed that the 2-peptide systems (PR39 and
P144) have a significant impact on TRT related cell activa-
tion. The release profiles for the various factors under both
wet and dry preparation is different. It is expected that the
dry protocols will result in matrices that bind larger amounts
of factors and retain them for longer periods once they are
dehydrated.

It is known that a number of factors can exert their
biological action when incorporated into Matrigel, collagen
or fibrin e.g. VEGF, FGF, PR39. It is expected that as the
concentration of the individual matrix is increased, its total
binding capacity also increases, and its rate of factor release
decreases. Matrigel (BD Biosciences) is expected to be a
particularly effective wet or dry matrix for these embodi-
ments. Each of the component matrices of Matrigel has
specific binding sites for numerous factors and receptors
(either on cells or free as soluble receptors). It is expected
that fibrin matrix is particularly effective in delivering
factors that control inflammation (IL-10, IL-1ra and sTNFR)
and fibrosis (e.g. P144, sTGFR, anti-CD40 and HGF). It is
expected that a mix of Matrigel plus fibrin with the various
factors provides a good combination of matrix strength with
a wide range of binding capacities for the various candidate
factors (see FIG. 25). The addition of fibronectin to the
Matrigel-Fibrin combination matrix would add even more
tensile strength as well as additional diversity of factor
binding capacity.

In one embodiment, the various CGFI are either coupled
to collagen/fibrin heparin or integrin binding peptide
sequence (RGD) peptides using commercial cross-linkers
(Pierce Chemical) and then added to fibronectin, which in
turn will bind the CGFI-peptide complex (FIG. 25). The
CGFI-peptide fibronectin complex is then added to Matrigel,
fibrin and or collagen, to which it binds (FIG. 25). The
resulting CGFI-peptide-fibronectin-matrix complexes are
used in vivo to establish a very controlled distribution of the
CGFIwith the matrix. Since fibronectin has both COOH and
disulfide cross-linking the CGFI it can be chemically cross-
linked thru these residues (FIG. 36). Because CGFI nor-
mally interact in vivo with the various bio-matrices used it
is extremely likely that all the factors will be functionally
active. The kinetic of release of the various factors must also
be considered in choosing the appropriate combinations.
Generally, one would expect that rapidly releasing anti-
inflammatory factors such as IL-10, IL-1ra, and sTNFR
would be useful in stopping inflammation, while anti-fi-
brotic agents such as P144, sTGFR or anti-CD40 would be
most useful if they showed delayed release or even remain
bound to the matrix, thereby inactivating in-fluxing fibro-
blasts and suppressing fibrosis. Additionally, late releasing
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angiogenic factors would likely be useful in promoting
angiogenesis at a later time frame, 1.e. after the inflammatory
reactions.

It is expected that the dry protocols will result in matrices
that bind larger amounts of factors and retain them for longer
periods once they are dehydrated.

FIG. 25 is a diagram of the FN molecule with its distinct
“backbone” (102), showing ways in which FN can bind with
a variety of matrices (104-110) and factors (122-130) at
specific binding sites within the FN structure. The ability of
FN to bind matrices such as basement membrane, fibrin,
collagen etc. (104-110) allows FN to be an effective biologic
crosslinking agent. Since FN has a specific binding site for
heparin, it can also bind a number of factors that are tissue
response modifiers, such as VEGFs that induce new vessel
formation in injured (TRMs). This binding can be the result
of the structure of the molecule such as heparin (110) or
through common peptide sequences such as integrin binding
peptide (RDQG) sequences (108). Additionally, various pep-
tides known to bind to FN can act as a bridge or crosslinking
agent (126).

Additionally, other peptides and various chemical cross-
linking agents (114 and 116) can bind factors such as
cytokines, growth factors and inhibitors to the FN backbone.
Alternatively, because FN has reactive elements such as
sulthydryl’s (118) and COOH groups these can be deriva-
tives to allow covalent linking of various TRMs to the FN
molecule. Ultimately, with the degradation of FN in vivo a
wide variety of TRMs will be released from the FN deriva-
tives.

It should be noted that the modified FNs described above
will have at least one modification per FN molecule, and can
be used individually or in any combination or ratio of
modified and/or unmodified FNs.

Embodiments of FIGS. 26-37

FIG. 26A shows a sensor assembly with a collar. The
sensor assembly 400 includes electronics 402, a sensing
element support 406 with a sensing element at the tip 408.
The sensor is covered by a polymer to prevent influx of
interfering substances into the sensor sensing element 404.
When a sensor is implanted into the skin as shown in FIG.
26C, it creates an open wound 410 with a risk of infections
412 as well as dampness to the upper skin cell layers (e.g.
epithelial cells). For the sensor in FIGS. 26B and 26D, the
sensing element support 406' has an antimicrobial collar 414
configured to be positioned on both sides of the point at
which the support enters the tissue 410. A coating 412
containing no additives, or tissue response modifier, such as
those listed above, can be included within the collar or
disposed between the collar 414 and the sensing element
406'. This configuration prevents infection and inflammation
that otherwise may occur, as shown in FIG. 26C, within the
tissue around the sensor and support due to, e.g., bacteria
413. While the coating 414 usually is rehydrated (see 430)
after implantation to minimize discomfort to the patient, the
coating 422, 428, 432 on the coated sensor (416, 418 and
420 in FIG. 26B) also can be rehydrated before implanta-
tion. In embodiments, the coating can be applied immedi-
ately before assembly, in which case initial dehydration
would not be required.

FIG. 27 shows the rehydrated version of the sensor
assembly 450 with the coating 452,454 completely sur-
rounding the implanted portion of the sensor assembly 450.
In this embodiment, there are no additives added to the
collars or sleeves, but the collars 452 and sleeves 454 act
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here as mechanical plugs to prevent infection and “shock
absorbers” to prevent tissue damage as a result of mechani-
cal movement of the implanted sensor in the skin. Generally,
the collars and sleeves are dehydrated prior to implantation
for ease of implantation for the patient and the clinician. The
collars and sleeves can be hydrated pre sensor implantation
if advantageous. In this embodiment, both a collar and
sleeve coating are included in this compound device and are
shown in hydrated form as 458 and 460, respectively.

FIG. 28 shows that ECMs with and without anti-microbial
agents and TRMs can be incorporated into the ECM collars
502 and sleeves 504 as part of the cycles of coating,
dehydration, rehydration and dehydration. When hydrated
pre or post sensor implantation the anti-microbial agents
and/or TRMs are released for the hydrated collars 508 and
sleeves 510 and control infection inflammation, wound
healing and fibrosis at the implantation site.

FIG. 29 shows that TRMs can be incorporated into the
collars 552 and sleeves 554 pre-implantation. This incorpo-
ration can induce proliferation of skin surface cells 562 or
blood vessels 564 to overcome tissue damage at the implan-
tation sites. As such, sensor function is maintained or even
enhanced due to maintaining tissue integrity and in growth
of blood vessels, which assures real-time blood glucose
determination by the glucose sensor.

FIG. 30 demonstrates that multiple anti-microbial agents
and TRMs can be incorporated in the collars and sleeves to
achieve maximal positive impact on preventing infection,
tissue trauma, inflammation, and in promoting wound heal-
ing and neovascularization. Dehydrated collar 602 is
hydrated to form hydrated collar 608. Dehydrated sleeve
604 is hydrated to form sleeve 616. As with the embodiment
of FIG. 29, this can induce proliferation of skin surface cells
610 or blood vessels 614 to overcome tissue damage at the
implantation site.

FIG. 31 demonstrates that collar length can be extended
to maximize anti-microbial and TRMs delivery at the
implantation sites to various depths in the tissue. This also
demonstrates that the collars 652 (hydrated at 656) can be
extended into the tissue, not just on the surface to maximize
the mechanical “plug” effect and thereby decrease infections
as well as mechanical damage to the upper layers of the skin.
This extended collar assures continuity from the surface of
the implant site into the depth of the implanted tissue.

In embodiments, an extended collar has a length of 2 to
50 mm, or 5-20 mm, or 2-10 mm. The diameter at the larger
end of the plug typically is in the range of 3-20 mm, or 5-15
mm, or 5-10 mm. In embodiments, a collar that is not
“extended” has a length of 2-10 mm, or 2-7 mm, or 3-5 mm.
The diameter at the larger end of the plug typically is in the
range of 3-20 mm, or 2-7 mm, or 3-5 mm.

FIG. 32 demonstrates the impact of placement of a collar
704 around an infusion cannula 702 with and without
additives. This cannula with a collar can be hydrated pre or
post implantation, and provide a wound “plug” 710, 712 to
prevent infection and tissue trauma. The addition of various
antimicrobial agents and TRMs further prevent infection,
inflammation and fibrosis and promote healing of the
implantation sites both at upper layers (epithelial lay) as well
as the dermis and subcutaneous tissue.

FIG. 33 shows an infusion system with an infusion pump
752 having tubing 754 connected to an infusion set housing
756, which includes an insulin supply/reservoir (usually to
seal tube 758) frequently there is an inert cannula support
(758 and 760) as well as an adhesive strip 762. This
configuration does not include a collar. In FIG. 34, a
one-piece collar-sleeve combination 810 is disposed on the
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outer surface of the tissue 814 in which the cannula is
implanted. Again, an adhesive strip 812 holds the cannula in
place on the outer surface 813 of the tissue 814. The infusion
set cannula is inserted into the skin using a needle (which is
inside the cannula) to pierce the skin, thereby allowing the
cannula to move into the underlying skin layers using
minimal force. Once implanted, the needle is removed and
the infusion set is connected to the pump via a long plastic
tubing. Once the tubing is connected to the infusion pump
fluids can be infused into the tissue or vessel as needed.

FIGS. 35-36 show photographs demonstrating the appli-
cation of coatings in accordance with embodiments
described herein. The method is described above in connec-
tion with sensors.

FIG. 37 describes the procedure to multi-coat surgical
meshes that are used in reconstructive surgery including
hernia surgery. For this procedure, surgical mesh (902 and
904) is obtained from a medical supply house, sterilized and
placed in sterile containers. The mesh is suspended in a
laminar hood to assure sterility. Next the mesh is dip coated
by immersion in ECM, in this case in basement membrane
(Matrigel) solution and suspended in the laminar flow hood
to allow drying 906. The BM coated mesh is next allowed
to dry, followed by repeated cycles of addition of BM and
drying (907 and 908). After at least 1 cycle (in this case
shown in the photographs there were 10 cycles of coating
and drying), the coated mesh was rehydrated 918 in water to
remove accumulated salts 920 and then allowed to dry 922.
It should be noted that the coating not only covers the mesh
fibers 910 but also fills the mesh pores 912, 914. Filling
these pores likely will increase the biocompatibility of the
surgical mesh when implanted in vivo. After drying, the
coated mesh can be directly implanted in a patient or animal
who need this type of mesh, or it can be rehydrated and then
implanted in vivo.

Modified Basement Membrane Preparations

In embodiments, salts, glucose, individual amino acids,
vitamins, and other low molecular weight components can
be removed from the basement membrane to form a modi-
fied basement membrane preparation before it is coated on
the device. These components can be removed from the
basement membrane-media combination by a suitable tech-
nique depending upon the size of materials to be removed.
Techniques for removing the low molecular weight materi-
als include, but are not limited to; dialysis, buffer exchange,
diafiltration, precipitation, gel filtration, affinity chromatog-
raphy and electrophoresis. If this type of process is used, it
is not necessary to rinse the basement membrane at the time
of rehydration. Depending on the final use of the basement
membrane, the separation technique can involve a suitable
molecular weight cut-off. In embodiments, this cut-off might
be 2000 daltons, or 10,000 daltons, or another value.

In this embodiment, the dehydrated modified basement
membrane can be rehydrated using a liquid injected before
or after the basement membrane-coated device is inserted in
biological tissue, or the interstitial fluid themselves can
hydrate the basement membrane.

FIG. 38 is a flow chart showing one embodiment for
preparing a modified basement membrane preparation. The
steps shown on the flow charts are described below in
Example 13.

FIG. 39 shows formulations of two types of media used
in making basement membranes sold commercially. The
commercially available basement membrane are sold in a
form in which they have already been placed in media, such
as, but not limited to RPMI1640 from Sigma Chemical Co.
or Dulbecco’s Modified Eagle’s Medium (DME) from
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Sigma Chemical Co. RPMI-1640 contains inorganic salts,
amino acids, vitamins and other materials. The inorganic
salts include calcium nitrate, magnesium sulfate, potassium
chloride, sodium bicarbonate, sodium chloride and sodium
phosphate dibasic (anhydrous). DME contains inorganic
salts, amino acids, vitamins and other materials. The inor-
ganic salts include calcium chloride, ferric nitrite, magne-
sium sulfate (anhydrous), potassium chloride, sodium bicar-
bonate, sodium chloride and sodium phosphate monobasic
(anhydrous).

FIG. 40 is a set of photos showing salt crystals in
basement membrane. FIG. 40A shows salt crystals after
drying when no dialysis is used. FIG. 40B shows salt
crystals after drying when a single dialysis step is used. FIG.
40C shows a lack of salt crystals after drying when two
dialysis steps are used.

FIG. 41 includes photos showing the effect of pre-dia-
lyzed and post-dialyzed basement menbrane on tissue sur-
rounding implanted sensors.

Example 13—Dialysis of Basement Membrane

A commercial basement membrane was obtained in which
the concentration of basement membrane was 10-20 mg
basement membrane/ml of media. The mouse basement
membrane used in these studies was from Becton Dickenson
Bioscience, sold under the name Matrigel®. The tissue
culture media which contained the basement membrane
when it was purchased was DME or RPMI1640 from Sigma
Chemical Co. According to Sigma Chemical Co., these
media typically contain greater than 10-15 mg of salts,
glucose, and amino acids (in total) per ml of media.

The basement membrane was dialyzed using the proce-
dures and equipment of Pierce (www.piercenet.com). 2 ml
of basement membrane was put in a small container that had
a 2000 dalton molecular weight cut-off membrane as the
bottom wall. This container was placed at the top of a tube
containing 48 ml of water in order that the membrane was
immersed in the water.

The material was dialyzed a first time using the 2000
dalton molecular weight cut off dialysis membrane for 24 hr.
(1/25 dilution) at 4 Deg. C. in water on a platform-type
rotator. A portion of the material then underwent a second
dialysis using a 2000 dalton molecular weight cut off dialy-
sis membrane for 24 hr. (1/25 dilution) at 4 Deg. C., using
a tube of water and the platform-type rotator. A portion of the
material then underwent a final dialysis with the dilution of
BM of 1/625. As a result, the media (not including the
basement membrane) contained 0.016 to 0.024 mg/ml salts,
glucose and amino acids.

Three separate 20-microliter samples of basement mem-
brane (in the media) from the experiment described in the
previous paragraph were placed on microscopic slides and
dried for 24 hours at 37 Deg. C. The first sample was not
subjected to any dialysis. The second sample was subjected
to the first dialysis only, and the third sample was subjected
to the both the first dialysis and the second dialysis. After
drying at room temperature, the samples were examined to
determine the presence and size of any salt crystals. The
results are shown in FIG. 40. As can be seen in the
photographs, a large crystalline conglomerate having a
diameter of about 20 mm was present in the first sample that
had not undergone dialysis, and the crystal diameters were
about 2-3 mm. The second sample had medium-sized salt
crystal conglomerates. The third sample had no easily vis-
ible salt crystals.
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As shown in the photographs, the dialysis removed most
of the salt from the media. It can be assumed that the other
materials falling below the 2000 dalton molecular weight
cut-off also were removed.

Example 14—Coating Sensor with Modified
Basement Membrane Preparation

A sample of the modified basement membrane prepara-
tion that had undergone the two-stage dilution described
above was coated on a glucose sensor by depositing the
basement membrane on a sensor dropwise, three drops at a
time and drying the coating at room temperature. This
procedure was repeated until a total of about 100 microliters
of basement membrane had been deposited. A mesh made of
polyester was separately coated. A collar for a cannula also
was formed from the modified basement membrane prepa-
ration.

After the coated sensor was dried for 24 hours, it was
placed in the subcutaneous tissue of a mouse. After 14 days,
a histologic evaluation of the implantation site was con-
ducted by euthanizing the mouse, removing the tissue,
processing the tissue, and evaluating it microscopically. As
is shown in FIGS. 41C and 41D, there was minimal, if any,
injury or inflammation of the tissue, with little, if any,
degradation of the basement membrane. Because of the
dialysis, it was not necessary to remove salts, glucose, and
amino acids at the time of rehydration.

A control experiment was conducted using a sample of the
basement membrane (in media—as sold commercially) that
did not undergo any dialysis. A glucose sensor of the same
type used above was coated in the manner described above.
After the sensor was dried for 24 hours, it was placed in the
subcutaneous tissue of a mouse. After 14 days, a histologic
evaluation of the implantation site was conducted by eutha-
nizing the mouse, removing the tissue, processing the tissue,
and evaluating it microscopically. As is shown in FIGS. 41A
and 41B, there was substantial injury and inflammation of
the tissue, as well as extensive degradation of the basement
membrane. Degradation of the basement membrane was
caused by proteases and hydrolases from white blood cells
that dissolve and degrade matrices including basement
membrane.

Example 15

The procedures of Examples 13 and 14 were generally
repeated using commercially available Trevigen basement
membrane called Cultrex® Basement Membrane Extract,
Type 2, PathClear® (purified from Engelbreth-Holm-Swarm
(EHS) tumor). The results of salt crystal size without dialy-
sis, after 1 stage of dialysis and after 2 stages of dialysis
were similar to the results of Example 13. Examination of
the tissue after 14 days showed the same effects as with the
Matrigel®, i.e. tissue inflammation and basement membrane
degradation when pre-dialyzed basement membrane was
used, and minimal tissue inflammation and basement mem-
brane degradation when dialyzed basement membrane was
used.

Example 16

In an effort to even further increase the stability and
effectiveness of the basement membrane coatings, the coat-
ings were cross-linked utilizing glutaraldehyde as a cross-
linking agent. Sensor performance was evaluated for the
impact of these crosslinked coatings in vitro and in vivo.
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Sensor performance was assessed over a 28-day time period
in a murine CGM model and expressed as Mean Absolute
Relative Difference (MARD) values. Tissue reactivity of
uncrosslinked basement membrane coated sensors, cross-
linked basement membrane coated sensors, and uncoated
sensors was evaluated at 7, 14, 21 and 28 days post sensor
implantation with standard histological techniques. These
studies demonstrated that crosslinked basement membrane
coatings had no effect on glucose sensor function in vitro. In
vivo glucose sensor performance was significantly enhanced
when the crosslinked basement membrane coatings were
used. Histological evaluations of sensors coated with cross-
linked basement membrane demonstrated significantly less
tissue reactivity when compared to control sensors.
Basement Membrane Preparations

Basement Membrane Extract (Cultrex, Type 2) Clearpath,
was purchased from Trevigen, Inc. (Gaithersburg, Md.).
Cultrex Basement Membrane Extract (referred to as Cultrex,
Cultrex basement membrane or Cultrex BM) is a soluble
form of basement membrane purified from murine Engel-
breth-Holm-Swarm tumor. The basement membrane is
stored in Dulbecco’s Modified Eagle’s medium without
phenol red, with 10-ug/ml gentamicin sulfate, at a storage
and working concentration of approximately 15 mg protein/
ml (Table 1). Generally the Cultrex preparations are kept
frozen at -80 C, thawed in ice water, and maintained on ice
for general use.
Dialysis of Basement Membrane Preparations

To eliminate salts, vitamins, amino acids and glucose
present in the basement membrane preparations, the base-
ment membrane was dialyzed against sterile deionized water
with 3 changes of water using Thermo Scientific Slide-A-
Lyzer Mini Dialysis devices. More specifically, 2 ml of
Cultrex was dialyzed against 48 ml of water/exchange, for
a total of 3 dialysis exchanges.
Coating of Glucose Sensors with Cross-Linked Basement
Membrane

The modified Abbott Navigator glucose sensors which are
Transdermal Amperometric sensors used in the in vitro and
in vivo studies were obtained from Abbott Diabetes Care
[Alameda, Calif.]. Sensors were sterilized by exposure to
UV light overnight prior to administering the sensor coating.
Aseptic techniques were utilized during the coating process
and prior to implantation. To coat the glucose sensors with
cross-linked basement membrane, the glucose sensors were
mounted (FIG. 47A) and placed on a sterile polytetrafluo-
roethylene (PTFE) liner (FI1G. 47B). Specifically, 50 uL of
dialyzed Cultrex (15 mg protein/ml) was applied on one side
of each sensor (FIG. 47C) and the sensors were placed in a
37° C. incubator for 2 hours, resulting in drying of the
basement membrane (FIG. 47D). The glucose sensors were
then turned over and an additional 50 uLL of dialyzed Cultrex
was applied on the opposite side of the sensors (FIG. 47E)
prior to placing them in 37° C. incubator for 2 hours,
resulting in drying (FIG. 47F). The resulting coated sensors
were lifted off of the PTFE liner (FIG. 47G) and briefly
dipped into sterile pyrogen-free water to shape the coating
around the sensors (FIG. 47H) followed by drying at 37 C
(FIG. 11). Next the dry coated sensor was place in a
0.2-0.4% glutaraldehyde solution (FIG. 471]) for 5 minutes
followed by at least 1 hr of dialysis in sterile, pyrogen-free
water, followed by drying at 37° C. for at least 2 hours (FIG.
471) Other biocompatible solutions, such as alcohol or
buffers, can be used in place of pyrogen-free water. FIG.
47K demonstrates that even after being cross-linked, the
Cultrex basement membrane preparations are still gelatinous
and full of liquid (i.e. they remain bio-hydrogels). FIG. 471
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demonstrates that when the gluteraldehyde cross-linked Cul-
trex BM it forms a thin layer of dry BM which enhances both
its shelf-life, as well as the ease of inserting the coated
sensor into living tissue. The resulting cross-linked Cultrex
was designed as X-Cultrex. This coating technique allowed
for a simple and consistent coating process. The crosslinked
coated glucose sensors and the control sensors, some of
which were uncoated and some of which were coated with
uncrosslinked basement membrane, were stored dehydrated
in a tissue culture hood until in vitro testing or implantation
in mice.
In Vitro Glucose Sensor Testing

In order to determine if X-Cultrex coating negatively
impacted sensor performance, sensor sensitivity of uncoated
glucose sensors (controls), were evaluated pre and post
X-Cultrex coating in vitro. Sensor sensitivity was charac-
terized in tissue culture medium with an initial glucose
concentration of 50 mg/dL at 200 mV. Background current
was allowed to stabilize for about 15 minutes before sensors
were subjected to increased glucose concentrations in the
culture medium. Sensors were then rinsed in sterile water
and left in a tissue culture hood to dry. After the sensors
completely dried they were coated with X-Cultrex as
described above. Sensors were then retested in vitro using
the same protocol as described above. Sensor sensitivity for
both pre and post X-Cultrex coatings was determined as
described below (2, 5).
Glucose Sensor Implantation and CGM

Once it was established that the sensor coating did not
negatively impact sensor performance in vitro, the perfor-
mance of the X-Cultrex coated sensors versus uncoated
sensors was evaluated in a CGM mouse model. Coated and
un-coated sensors were implanted in CD-1 mice (Jackson
Laboratory, Bar Harbor, Me.) and continuous glucose moni-
toring (CGM) was undertaken for a period up to 28 days.
Blood glucose reference measurements from the tail vein
were obtained systematically over the 28-day implantation
period using Bayer Contour blood glucose monitors. The
Institutional Animal Care and Use Committee of the Uni-
versity of Connecticut Health Center (Farmington, Conn.)
approved the murine studies. The sensors were not recali-
brated such that their readings represent raw sensor output in
nano-Amperes (nA).
Continuous Glucose Monitoring Data Analysis

Reference blood measurements were used to calculate the
mean absolute relative difference (MARD) over a four-week
experiment for the two groups of mice with and without
basement membrane coated sensors. Equations (1)-(3)
describe the MARD calculation in detail. Sensitivity (S;
mg/dl/nA) is calculated for each mouse based on the refer-
ence blood glucose and the sensor output (I; nA) measure-
ments in an initial reference stage of the experiment, i.e., k
in Equation (2) is approximately 5, for the first initial five
measurements across two days.

n - _BG. 09)]
MARD(mean) = [[Z M] / n]x 100%,

- BG;
& . @
Sensitivity(S) = [[Z (BG; 1) /K »
CGM; = S x1;. ®3)
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Histopathological Analysis of Tissue Reactions at Glucose
Sensor Implantation Sites

In order to evaluate tissue responses to non-Cultrex
coated, Cultrex and X-Cultrex coated glucose sensors tissue
samples were obtained from mice concluding CGM evalu-
ation. Mice were euthanized and the full thickness of the
skin and sensors were removed end bloc in approximately
3x3 cm? sections and immediately placed in tissue fixative.
Tissues were fixed in formalin for 24 to 48 hours followed
by processing, embedding in paraffin, and sectioning. The
resulting 5-um sections were then stained using standard
protocols for hematoxylin and eosin stain and Masson
Trichrome (fibrosis). Histopathological evaluation of tissue
reactions at sites of sensor implantation was performed on
mouse specimens obtained at 1-28 days post-sensor implan-
tation. The tissue section slides were viewed and assessed by
a blinded experienced histopathologist (DLK) using a modi-
fied histologic scale (2, 4, 5, 7). Histologic parameters
included inflammatory response, foreign body reaction,
fibrotic response, collagen organization, and neovascular-
ization. After an initial review of all slides to gain a baseline
measure of histologic parameters, each sample was re-
evaluated and scored against each other to obtain a semi-
quantitative measure of tissue responses to the implanted
sensors. For the inflammatory response, the degree of infil-
tration of chronic inflammatory cells, principally lympho-
cytes and macrophages, surrounding the sensor were noted.
Foreign body reaction was determined by the relative quan-
tity of foreign body giant cells (FBGC) surrounding each
sensor or adjoining tissue of sensor. Fibrotic change was a
function of relative abundance of new collagen deposition at
sites of sensor implantation, while collagen organization
was determined by factors such as connective tissue density
(loose versus dense) and arrangement of collagen bundles
(parallel versus haphazard pattern). Neovascularization was
a reflection of the number of new blood vessels per high
power field (7).
Immunohistochemical Staining of Macrophages Using Anti-
Mouse F4/80 Antibodies

To confirm the observed presence of macrophages in
tissue sections, a mouse macrophage specific antibody des-
ignated anti-mouse F4/80 was utilized. Anti-mouse F4/80
(@F4/80) (Invitrogen Catalog # A14800) was validated
using mouse spleen tissue and standard immunohistochemi-
cal (IHC) techniques.
Statistical Analysis

The mean MARD values for each group, together or
separated by week, were evaluated statistically, including
tests to determine if the group MARD values were normally
distributed. In cases where the mean MARD values were
non-normal in distribution, Mann-Whitney U tests were then
conducted to determine the statistical differences between
the two groups of average mean MARD values, as non-
parametric equivalents to student t-tests. Microsoft Excel for
Mac 2011 (version 14.1.4) and IBM SPSS Statistics 20
(release 20.0.0) were the software packages used for the
calculations/graphing and statistical analyses, respectively.
Results
Impact of Cultrex Coatings on Glucose Sensor Function In
Vitro and In Vivo

Previous experiments have demonstrated that glucose
sensors coated with non-cross-linked Cultrex did not affect
sensor function in vitro (1). Previous experiments also have
demonstrated that sensors coated with Cultrex showed sig-
nificantly less tissue reaction at sites of sensor implantation.
These Cultrex coated sensors also showed an increased
performance compared to uncoated sensors. The Cultrex
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sensor coating, however, began to degrade by day 21-post
sensor implantation and sensor induced sensor tissue reac-
tions were seen. It is believed that the loss of the Cultrex
coatings eliminated the protective sensor coating resulting in
the exposure of the underlying sensor surface. In an effort to
increase the longevity of the Cultrex sensor coating, cross-
linked Cultrex was used to first determine whether cross-
linked Cultrex coating compromised sensor function in vitro
(FIG. 47). The impact of varying coatings of Cultrex on
glucose sensor performance in vitro was determined, as is
described above. Sensor sensitivity remained unchanged
before and after the Cultrex coating within the range of 0 to
2 mg Cultrex/sensor, and was determined to be 45.9+4.8
mg/(dL*nA) and 48.6x5.1 mg/(dL*nA), respectively. For
the cross-linked Cultrex (X-Cultrex), sensor sensitivity
remained very close before and after the X-Cultrex coating
within the range of 0 to 3 mg X-Cultrex/sensor, and was
determined to be 37.9+3.2 mg/(dL*nA) and 41.3+2.2 mg/
(dL*nA), respectively.

Once it had been demonstrated that the cross-linking of
Cultrex coatings did not negatively affect sensor perfor-
mance in vitro, the effect was determined of X-Cultrex
coatings on sensor performance in vivo for a period of up to
28 days. These in vivo studies were performed utilizing an
established murine model of CGM. For these studies mean
absolute relative difference (MARD) values of non-cross-
linked Cultrex and X-Cultrex coated sensors were used, as
well as uncoated, control sensors in CD-1 mice as a measure
of sensor performance and error of the CGM sensors over
time; the lower the MARD values, the lower the error, the
better the performance. It is important to note that no sensor
recalibration occurred for these studies. Thus, MARD values
used in these studies are derived from raw sensor output. As
illustrated in FIG. 48, the cross-linking of the Cultrex on the
sensor resulted in a significant improvement of sensor
functionality when compared to uncoated or non-cross-
linked Cultrex coated sensors for the entire 28 day in vivo
evaluation (FIG. 48). Statistical comparisons of the sensor
performance during the entire four week, 28 day post-
implantation experimental time course, showed that the
X-Cultrex had dramatically better MARD values compared
to non-coated control and Cultrex coated sensors (FIG. 48,
and FIG. 52). By the fourth week, the total average MARD
value for the CD-1 mice with X-Cultrex coated sensors was
10.59% in a group of 26 mice, Cultrex coated sensors was
16.7% in a group of 34 mice, as compared to the CD-1
control mice with 20.52% on average, in a group of 39 mice
(FIG. 53). These sample sizes are relatively large for such
investigations. A calculation of standard deviation of the
MARD values for these groups of mice indicates that the
CD-1 controls present a larger standard deviation of 6.58%,
while the Cultrex coated CD-1 MARD values present a
smaller standard deviation of 6.14%, and the X-Cultrex
coated sensors with a very low standard deviation of 2.94%
(FIG. 53).

It is noted that the overall performance of the X-Cultrex
coated sensors surpassed sensor performance of Cultrex and
uncoated sensors within the first 7 days of the study (FIG.
49). This is important since the high accuracy underscores
the enhancing effect of X-Cultrex even within the first 7 days
post sensor implantation. The sensor performance in day 1
was significantly improved with the crosslinked basement
membrane when compared to uncoated sensors and sensors
coated with non-crosslinked basement membrane of the
same type.

As illustrated in FIG. 48, a trend analysis of the MARD
values of the Cultrex and X-Cultrex coated sensors in CD-1
mice and their CD-1 control mice, over the course of the four
(4) week experiment, shows a significant improvement in
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sensor performance, i.e. lower MARD values, for the X-Cul-
trex coated sensors throughout the entire experiment. The
difference in MARD values among all three groups was
statistically evaluated by ANOVA tests and its non-paramet-
ric equivalent, Kruskal-Wallis (K-W) tests. The differences
in MARD values between any two groups were statistically
evaluated by student t-tests and its non-parametric equiva-
lent, Mann-Whitney U-tests. The MARD values for weeks
1 and 2, required the non-parametric Mann-Whitney U-tests,
while week 3 and the total mean MARD values were
normally distributed, hence evaluated with student t-tests.
Total mean MARD values are MARD values not separated
by week, i.e. each sensor/mouse has one average or mean
MARD value for the entire or total experiment. The MARD
values for week 4 generally required the non-parametric
statistical tests, because the Cultrex coated CD-1 mice
MARD values for week 4 were not normally distributed.
However, both the X-Cultrex coated and control CD-1
MARD values for week 4 were normally distributed, and the
statistical comparison of those two groups were evaluated
with a student t-test. A statistical comparison among the
three groups by total mean MARD revealed that they were
significantly different, p=0.0000. Statistical comparisons
between each pairing of the three groups by total mean
MARD revealed that all the groups were significantly dif-
ferent from each other: Cultrex coated and control CD-1,
p=0.0114; Cultrex and X-Cultrex coated CD-1, p=0.0000;
X-Cultrex coated and control CD-1, p=0.0000. The statis-
tical comparisons among the three groups by week demon-
strated that there were significant differences during the
entire four week experimental time course, i.e. p=0.0000,
0.0000, 0.0000, 0.0022, for weeks 1 through 4, respectively.
The effects of X-Cultrex in improving sensor performance,
even better than simply Cultrex coating, were clear in the
first week (FIG. 3), since the statistical comparison between
the Cultrex CD-1 and control CD-1 mice demonstrated that
there was only a trending significant difference, i.e.
p=0.0768 in week 1, whereas there was strong significant
difference between X-Cultrex CD-1 and control CD-1 mice
in week 1, p=0.0000. As expected the uncoated sensors
displayed a decrease in sensor performance beyond 7-day
implantation, and a rise in MARD values, as per the trend
analysis graph. However, the X-Cultrex coated sensors
continued to display significantly better performance over
the entire same 28 days of the study (FIG. 48), and Cultrex
coated sensors displayed a significantly better performance
weeks 2 and 3. Particularly in the second week, a Mann-
Whitney U-test, revealed a statistically significant difference
between the MARD values for Cultrex coated sensors in
CD-1 mice when compared to the uncoated sensors
implanted in CD-1 control mice (p=0.0058), and the MARD
values for X-Cultrex in week 2 even decreased relative to
week 1, (p=0.0000). In the third week, a t-test revealed that
the Cultrex coated sensors showed statistically significant
better performance compared to CD-1 controls (p=0.0303),
while X-Cultrex coated sensors continued to show very
strong performance compared to CD-1 controls (p=0.0000).
By the fourth week, although the Cultrex coated sensors did
appear to be out performing the uncoated sensors, the
MARD between them was not statistically different
(p=0.1774). However X-Cultrex coated sensors again con-
tinued to show very strong performance compared to CD-1
controls (p=0.0004).
Impact of Basement Membrane Coatings on Sensor Induced
Tissue Reactions at Sites of Glucose Sensor Implantations
Based on the functional data described above, it is evident
that the dramatic increase in the sensor performance of the
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X-Cultrex coated sensor was a direct result of the dimin-
ished sensor induced tissue reactions in the X-Cultrex coated
sensors, i.e. increased biocompatibility and stability of the
X-Cultrex coatings. Previous studies in our laboratories
demonstrated that non-cross-linked Cultrex BM prepara-
tions (gel form) can be implanted in mouse subcutaneous
tissue for extended periods of time without inducing sig-
nificant tissue reactions (1). Unfortunately the non-cross-
linked Cultrex began degrading around 14-21 days post
sensor implantation resulting in increased tissue reactions at
the sensor implantation site (1). As such, the biocompatibil-
ity of the non-cross-linked Cultrex in vivo suggested that it
could be a strong candidate for biocompatibility coating for
implanted devices, such as glucose sensors, if it was more
stable and remained highly biocompatible.

To investigate whether cross-linked Cultrex enhances
coating stability, while retaining biocompatibilty, the tissue
reactions associated with non-coated, non-cross linked Cul-
trex and X-Cultrex coated sensors implanted in mouse
subcutaneous tissue were evaluated over a 28 day time
period (FIG. 50). As expected, from the previous studies
during the first 14 days post sensor implantation, the non-
cross-linked Cultrex appeared intact on the sensor surface
and demonstrated significantly less tissue reaction at the
implantation site (FIGS. 50, E and F). However by 21 and
28 days there was significant loss of the Cultrex coating on
the sensor surface and early indication of tissue reactions
being induced at the sensor implantation site (FIGS. 50, G
and H). When tissue reactions induced by X-Cultrex coated
sensors, X-Cultrex demonstrated that X-Cultrex was very
stable and biocompatible for the tested time period up to 28
days post sensor implantation (see FIG. 50, I-T v) when
compared the non-cross linked Cultrex (FIG. 50, e-%) as well
as uncoated sensors (FIG. 50, a-d). To extend these obser-
vations the presence of macrophages at sensor implantation
sites was evaluated. Macrophages were selected because of
their clear role in biofouling of glucose sensors in vivo. For
these studies immunohistochemical staining of tissue sec-
tion using mouse macrophage specific anti-F4/80 antibodies.
As can be seen in FIG. 51, non-Cultrex coated sensors
triggered significant macrophage accumulation at the
uncoated sensor implantation site (FIGS. 51 ¢ and d).
Alternatively, coating the sensors with Cultrex (FIGS. 51 e
and ) or X-Cultrex (FIGS. 51 g and %) resulted in a dramatic
decrease in macrophage accumulation at the coated sensor
implantation sites. In conclusion, it is important to under-
score the fact that these histologic studies are consistent with
the sensor function study present in FIGS. 48 and 49, and
support our hypothesis supporting the uses of X-Cultrex as
a sensor coating in vivo.

Discussion

It is now generally accepted that glucose sensor’s frequent
unreliable performance is often the result of the tissue
reaction induced in part by the sensor implant and in part by
the initial implantation itself. Over the years various efforts
have been examined with the common goal to foster device/
tissue integration with minimal to no tissue reactions. These
efforts include controlling the tissue reaction at sites of
device location with the release of steroids (8-12) and/or
growth factors. Recent efforts in our laboratory demon-
strated that basement membrane (BM) based bio-hydrogels
as coatings (designated as Cultrex) for glucose sensors
enhance sensor biocompatibility and function in vivo. Spe-
cifically, these studies showed that Cultrex based BM sensor
coatings accomplished the dual goals of 1) decreased tissue
reactivity at site of glucose sensor implantation in vivo as
well as 2) extended device performance in a CGM murine
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model. Nonetheless these accomplishments were short lived
due to the degradation of the bio-hydrogel. Upon the initia-
tion of the bio-hydrogel degradation due to the natural
degradation processes related to extracellular turnover a
subsequent decline in sensor performance was seen around
three weeks post sensor implantation. It is believed that this
degradation process exposes the original sensor surface and
induces the commonly observed foreign body tissue reac-
tion. As such, the bio-hydrogel was only able to delay the
tissue reaction at the sensor implantation site. It appeared
that this delay is dependent on the degradation rate of the
outer sensor Cultrex coating.

In response to these observations the present studies were
undertaken to investigate whether chemical crosslinking of
the Cultrex would increase the stability and biocompatibility
of Cultrex based biohydrogels in vivo, and thereby increase
the function and lifespan of sensors and CGM. Previous
studies using cross-linked collagen coatings, demonstrated
marginal effects on sensor function in vivo. This lack of
enhanced sensor function was likely due to tissue reactions
that were induced by the cross-linked collagens, i.e. inflam-
mation and fibrosis. These tissue reactions were likely the
result of excessive crosslinking of the collagen by gluter-
aldhyde. Due to issues of gluteraldehyde induced tissue
reactions, our strategy was to utilize low concentrations of
gluteraldehyde (0.2-0.3%) and only briefly expose BM (i.e.
Cultrex) to the gluteraldehyde (i.e. 5 minutes) fixative. Upon
fixation the sensor/BM gluteraldehyde coating was then
followed by exposure to pyrogen free water to minimize any
tissue induced tissue reactions resulting from the fixative. In
order to minimize effects of the fixative to the tissue, Cultrex
BM was cross-linked upon the completion of post sensor
Cultrex BM coating and drying. In vivo murine CGM
studies demonstrated that X-Cultrex coated sensors experi-
enced overall very strong performance compared to CD-1
controls and Cultrex coating only. This strong performance
for X-Cultrex coated sensors was seen beyond the third
week of study. As it relates to Cultrex coated sensors,
performance in week three and four was increased when
compared to control (e.g. no Cultrex coating) (FIG. 48). It is
believed that the increased MARD values seen particularly
in weeks three and four post sensor implantation of the
Cultrex coated CD-1 mice was likely the result of the
degradation of the Cultrex coating, a result of the normal
tissue remodeling, which does not appear or only slightly
occur in the X-Cultrex coated sensors (FIG. 48). This
hypothesis was supported by the histologic studies (FIG.
50). This degradation ultimately exposes the underlying
glucose sensor, triggering the regular tissue reactions includ-
ing inflammation and tissue remodeling leading to further
degradation of the Cultrex coating of the sensors. The use of
glutaraldehyde to cross-link Cultrex appears to prevent
appreciable degradation and subsequently appears to pre-
vent tissue remodeling and inflammatory processes. Inter-
estingly, X-Cultrex outperformed Cultrex coated sensors
alone and control sensors also during the first week post
sensor implantation (FIG. 49). It is believed that this is due
in part to the consistence of the X-Cultrex coating to stay in
place during the implantation process. It is believed that
Cultrex coating sensors experience a higher rate of variabil-
ity during the implantation process due to dislocating the
Cultrex coating. Nevertheless, these studies emphasize that
a biocompatible hydrogel such as Cultrex can facilitate an
increased long-term sensor performance.

Natural bio-hydrogels present numerous binding sites for
specific proteins such as growth factors and cytokines within
their molecular structures (15-24). These binding sites serve
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a critical role in regulation of cell and tissue responses to
injury including inflammation, repair and regeneration.
Conclusion—

This example demonstrated that the sensors coated with
crosslinked basement membrane dramatically enhanced glu-
cose sensor function and lifespan in vivo, and induced
virtually no tissue reactions in a 28 day time period, when
compared to non-cross-linked control coatings, and sensors
without any coatings. These studies show that crosslinked
matrix coatings such as biohydrogels can be used biocom-
patible coatings for implantable devices, such as glucose
sensors, and other implants described above. Crosslinking
protocols aid in the enhancement of biohydrogel stability
and biocompatibility in vitro and in vivo without compro-
mising loss of biocompatibility, i.e. X-Cultrex BM coatings.
The data included herein suggest that cross-linked BM based
bio-hydorgels represent a completely new generation of
biocompatible coatings for implantable devices such as
glucose sensor and a vast variety of other implantable
devices.

Prophetic Example 17

The procedures of Example 16 are repeated with the
exception that the glutaraldehyde is added to the basement
membrane before drying, i.e. at the stage of FIGS. 47C, 47E
and/or 47H. The glutaraldehyde can be added dropwise to
the wet basement membraned that is already on the implant-
able device, or can be pre-mixed with the basement mem-
brane before the device is coated with the basement mem-
brane. Excess glutaraldehyde optionally can be removed by
a suitable technique such as placement in pyrogen-free,
sterile water or another liquid, or by the addition of glutar-
aldehyde reactive agents. The resulting crosslinked coating
is similar to that obtained in Example 16. This technique
provides an opportunity for more control of the final con-
centration of glutaraldehyde in the coating and may simplify
a large-scale production.

Prophetic Example 18

The procedures of Example 16 are repeated with the
exception that the basement membrane is crosslinked with
other crosslinking agents. It is expected that reactive mol-
ecules would be cross-linked by variety of crosslinking
agents, thereby changing the primary, secondary and tertiary
structure of the cross-linked basement membrane by
changed the crosslinking agent. In this way the functionality
and biocompatibility of the coating can be altered.

Prophetic Example 19

The procedures of Example 16 are repeated with the
exception that the sensor is replaced by a surgical mesh. It
is expected that these meshes increase in their biocompat-
ibility.

Prophetic Example 20

The procedures of Example 16 are repeated with the
exception that the sensor is replaced by a cannula and the
basement membrane is applied to the implantable portion of
the cannula. It is expected that this embodiment will result
is a lower degree of tissue reaction with more effective
regulation of blood glucose.

Prophetic Example 21

The procedures of Example 16 are repeated with the
exception that the sensor is replaced by a collar for an
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implantable device and the basement membrane is applied to
the portion of the collar configured to be adjacent to, or
inserted in, tissue. It is expected that the function, accuracy
and lifespan of the sensor will be increased because of a
decreased likelihood, rate or degree of infection as a result
of infection caused by the transdermal device.

Example 22

To determine the stability and reactivity of X-Cultrex
coated sensors in mice at time points beyond 28 days,
sensors coated with cross-linked Cultrex (0.3% glutaralde-
hyde) were implanted subcutaneously in mice and removed
at 2 months post implantation. When the implantation site
was evaluated in situ significant neovascularization was seen
surrounding the X-Cultrex coated sensor, specifically at the
tissue X-Cultrex interface (see FIG. 54). Arrows indicate the
presence of new blood vessels in tissue surrounding the
X-Cultrex coated sensor. This study demonstrates that
increased neovascularization surround the X-cultrex coated
sensor occurs at 2 months post sensor implantation. This
increased neovascularization would likely promote sensor
function by providing a blood vasculature close the sensor.
The presence of this vasculature close to the sensor would
give a more accurate real time evaluation of blood glucose
in the mice.

It s appreciated that the above-disclosed and other fea-
tures and functions, or alternatives thereof, may be desirably
combined into many other different systems or applications.
Various presently unforeseen or unanticipated alternatives,
modifications, variations, or improvements therein may be
subsequently made by those skilled in the art, which are also
intended to be encompassed by the following claims. Unless
otherwise specifically defined in the claims, steps and com-
ponents of the examples are not intended as limitations to
any particular order, position, size, shape or material.

What is claimed is:

1. A surgical mesh coated with a crosslinked basement
membrane preparation comprising Type IV collagen and
laminin, wherein the crosslinked basement membrane
preparation contains no more than 0.024 mg/ml total con-
centration of glucose, amino acids and salts having a
molecular weight of 2000 daltons or less.

2. The surgical mesh of claim 1, wherein the crosslinked
basement membrane preparation is dehydrated after being in
the form of a gel at room temperature.

3. The surgical mesh of claim 1, wherein the crosslinked
basement membrane preparation is dehydrated at a tempera-
ture in the range of 1-4° C. after being placed on the mesh
when the basement membrane is in the form of a liquid.

4. The surgical mesh of claim 1, wherein the crosslinked
basement membrane preparation is dehydrated at a tempera-
ture in the range of 10-30° C.

5. The surgical mesh of claim 1, wherein the crosslinked
basement membrane preparation is applied in multiple lay-
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ers, and the basement membrane preparation is dehydrated
after application of each layer.

6. The surgical mesh of claim 1, wherein the mesh also
comprises layers of other extracellular matrices formed
thereon.

7. The surgical mesh of claim 1, wherein the crosslinked
basement membrane preparation contains at least one of
cells and factors, the factors being at least one member
selected from the group consisting of angiogenic factors,
drugs, antimicrobials, cytokines, growth factors and anti-
inflammatory factors.

8. A kit comprising the surgical mesh of claim 1 enclosed
in sterile packaging.

9. The surgical mesh of claim 5, wherein the crosslinked
basement membrane preparation contains at least one of
cells and factors, the factors being at least one member
selected from the group consisting of angiogenic factors,
drugs, antimicrobials, cytokines, growth factors and anti-
inflammatory factors.

10. The surgical mesh of claim 1, wherein the basement
membrane preparation contains a factor, including at least
one of a vascular endothelial growth factor, a hepatocyte
growth factor and a fibroblast growth factor.

11. A surgical mesh coated with a basement membrane
preparation comprising Type IV collagen and laminin, said
basement membrane preparation is crosslinked with a dial-
dehyde, wherein said crosslinked basement membrane
preparation contains no more than 0.024 mg/ml total con-
centration of glucose, amino acids and salts having a
molecular weight of 2000 daltons or less.

12. The surgical mesh of claim 11, wherein the basement
membrane preparation is applied in multiple layers, and the
basement membrane preparation is dehydrated after appli-
cation of each layer.

13. The surgical mesh of claim 11, wherein the surgical
mesh also comprises layers of other extracellular matrices
formed thereon.

14. The surgical mesh of claim 11, wherein the cross-
linked basement membrane preparation contains at least one
of cells and factors, the factors being at least one member
selected from the group consisting of angiogenic factors,
drugs, antimicrobials, cytokines, growth factors and anti-
inflammatory factors.

15. The surgical mesh of claim 14, wherein the cells
and/or factors are bonded to the basement membrane prepa-
ration.

16. The surgical mesh of claim 10, wherein the basement
membrane is crosslinked using a di-aldehyde.

17. The surgical mesh of claim 1, wherein the basement
membrane in the preparation comprises cell culture derived
basement membrane.

18. The surgical mesh of claim 11, wherein the basement
membrane in the preparation comprises cell culture derived
basement membrane.
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