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Becton Dickinson, and Co
cz(a)?e ____ ne .}%le.cj:p.nupfi}{e, Frgn}?lin Lakes, New Jersey 07417- 1880,

United States of America
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for the patent to make this Declaration on its behalf.
We,  the said ..Raymond P. Qhlmuller - . . ..
'::.:' and Jussi J. Saukkonen, M.D.
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Jonathan B Gabel, Paul J Mulhauser and Wes Prais
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Tony A Cutshall of 60 Harrison Street, Boonton, New Jersey 07005;
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Jonathan B Cabel of 17-B Addison Place, Clifton, New Jersey 07012;
Paul J Mulhauser of 67 East 11th Street, New York, New York 10003, and
Wes Prais of 245 Awasting Road, Hewitt, New Jersey 07421,

all in United States of America

are the actual inventors of the invention and the facts upon which the
said applicants are entitled to make the application are as follows:-

The said applicants are the assignees of the actual inventors.
4, The basic application referred to in paragraph 2 of this Dectaration

was the first application made in a Convention country in respect of
the invention the subject of tk~ application.
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1. An endothelial cell procurement and deposilion apparatus for collecting

fat from a patient, processing said fat to produca an erxiothelial cell deposition
product, and depositing said product on the surface of u graft, ell under sterile
conditions sstablished and maintained within the apparaius, characterized by a fat
collection mears for collecting fat from a patient, sealed digestion means connected
to said fat collection means through a closed line to maintain sterility during
reception of said fat within said digestion means and fer retaining said fat under
sterile conditions during rinsing and digestion to producs a digested product, sealed
endothelial cell isolation means connected to said digestion means through a closed
line for maintaining sterile conditions during reception of sald digested pro.duct within
said cell isolation means and for separating and isolating) microvassel endothelial
cells from said digested product to produce an sndothelial cell product, sealed cell
deposition means connected to said isolation means through a closed line for
maintaining sterile conditions during reception of said endothelial cell product within
said deposition means and for depasiting said cells on the surface of a graft to be
implanted in a patient and facilitating implantation of szicl endotheliglized graft into a
patient, and means for creating pressure differentials thrsugh said lines for

conveying prociuct between said collection and processing means.
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9. A method tor sterilely procuring and depositing endothellal cells onto a
graft to be implanted in a patient characterized by the steps of collecting fat from a
patient into a sterile fat collection mseans, sterilely transferring said collected fat
through a closed ling into a sterile digestion means, rinsing and digesting said fat
within said digesticn means to produce a digested product, sterilely transferring said
digested product through a closed line into a sterile iscliation means, isclating
endothelial cells from said digested product within said isolation means to produce
an endothelial cell product, sterilely transferring sald eridothelial cell product through
a closed ling into a sterile cell deposlition means, sterilely depositing said call
product onto a surace of a graft to be implanted into a patient, and performing sald
various transferring steps by establishing pressure ditferentials through said lines.
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ENDOTHELIAL CELL PROCUREMENT AND DEPOSTITION KIT
ABSTRACT

The invention is an endothelial cell procurement
and deposition kit for collecting fat from a patient,

processing said fat to produce an endothelial cell

deposition product, and depositing said product on the
surface of a graft, all under sterile conditions established
and maintained within the components of said kit comprised
of: fat collection means for collecting subcutaneous fat
from a patient; digestion means connectable to said fat
collection means to maintain sterility during reception of
said fat and for retaining said fat under sterile conditions
during rinsing and digestion to produce a digested product;
endothelial cell isolation means connectable to said
digestion means for maintaining sterile conditions during
reception of said digested product and for separating and
isolating microvessel endothelial cells from said digested
product to produce an endothelial cell product; cell
deposition means connectable to said isolation means for
maintaining sterile conditions during reception of said
endothelial cell product and for depositing said cells on
the surface of a graft to be implanted in a patient and

facilitating implantation of said endothelial gyraft into a
patient.
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5 - ENDOTHELIAL CELI, PROCYJREMENT AND DEPOSITION KIT

While autologous vein remains the graft of choice, advanced

. *s¥ascular disease and prior surgical intervention 1limit the

o oo

10°+"+.cavailability of autologous grafts. The use of synthetic grafts

L]

::pr’ovides a means for restoring blood flow to ischemic areas when

®6e 000 o0
.

..no alternative is available. Commercially avallable grafts are far

®
oo

from ideal due to their inherent thrombogyenicity. The trans-

plantation of a functional endothelial cell lining onto the surface

15 ....?f a vascular graft has proven to increase patency rates and

[ XX N J

,**sdecrease thrombus formation on the flow surface in animal models.

o0 L]

"Past and present studies have focused on the isolation of large

.
o0

vessel endothelial cells from vein segments, with the subsequent

seeding of these cells on the graft lumenal surface. Tissue

20 "+ oulture advances have also made the generation of large numbers of

"« "#hdothelial cells for high~density seeding on vascular prosthesis
possible. These techniques have major drawbacks in the clinical

setting. Endothelialization occurs at a slow rate when low density



seeding techniques are applied. High-density seeding, using

cultured endothelial cells requires the use of undefined media, not
easily applicable to the clinical setting.

To overcome the problems associated with seeding large vessel

5 endothelial cells on prosthetic grafts, methods for the isolation

of microvessel endothelial cells from autologous adipose tissue

followed by high density seeding of a vascular prosthesis were

developed .

Although microvessel endothelial cells have been shown to be

ot capable of endothelializing a blood-contacting surface, methods of

«» procuring and depositing these cells in an operating room setting

*.present special considerations. Methods currently used employ

%0 o
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standard laboratory equipment such as beakers, flasks, centrifuge
tubes, shaker baths, pipettes, syringes, sterile hoods. For

15°"'".example, in williams' and Jarrell's Patent No. 4,820,626 and

.".related applications, methods of treating a graft surface with

:....endothelial cells are disclosed. According to those methods,

subcutaneous adipose tissue is aspirated via a cannula and

transferred by vacuum into a mucous trap. The trap is then
20 ., .transferred to a sterile hood for further processing. Adipose

tissue is transferred to a sieve inside a funnel which is placed
in a sterile beaker. A rinsing solution is then poured over the

tissue to remove red blood -cells and lysed fat. The tissue is



‘e "t of the graft. The graft is manually rotated for 2 hours.

.. reliable method of producing endothelial c€ll coatings on a graft

manually poured into a sterile Erlenmeyer flask containing
collagenase solution and agitated at 37°C for 20 minutes. The
collagenase slurry is manually poured into sterile conical
centrifuge tubes and spun for seven minutes at 700 x G. The
endothelial cells are then pipetted out of the tube. A graft is
tied to a male luer extension and secured within a tube. The cells
are resuspended in serum protein media and drawn into a syringe.

Using a needle and a syringe, the cells are forced into the lumen

100" In spite of these advances, a need still exists for a simple,

.. in an operating room setting.

150000, The present invention provides a simple, reliable kit for

% . producing an endothelialized graft using microvascular endothelial

cells harvested from the patient who is to receive that graft. The

subject kit is designed to isolate endothelial cells from human

fat, to process that fat to produce a cell deposition product, and

20

*‘to deposit that product on the surface of a graft, all under

**sterile conditions established and maintained within the components

of the kit. The kit is a closed system which 1lessens the
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likelihood of contamination and reduces the amount of labor required and -
user error.

Accordingly, a primary object of the present invention is the
provision of a kit for producing endothelialized grafts for implantation
in humans.

Another object of the present invention is the provision of a
system which establishes and maintains sterility of harvested autologous
endothelial cells during processing procedures required to produce the
implantable endothelialized vascular graft.

These and other objects of the present invention will become
apparent from the following, more detailed description and is illustrated
in its specific embodiment in the accompanying drawings.

According to a first embodiment of this invention, there is
provided an endothelial cell procurement and deposition apparatus for
collecting fat from a patient, processing said fat to produce an
endothelial cell deposition product, and depositing said product on the
surface of a graft, all under sterile conditions established and
maintained within the apparatus, characterized by a fat collection means
for collecting fat from a patient, sealed digestion means connected to
said fat collection means through a closed line to maintain sterility
during reception of said fat within said digestion means and for
retaining said fat under sterile conditicns during rinsing and digestion
to produce a digested product, sealed endothelial cell isolation means
connected to said digestion means through a closed 1ine for maintaining
sterile conditions during reception of said digested product within said
cell isolation means and for separating and isolating microvessel
endothelial cells from said digested product to produce an endothelial
cell product, sealed cell deposition means connected to said isolation
means through a closed line for maintaining sterile conditions during
reception of said endothelial cell product within said deposition means
for depositing said cells on the surface of a graft to be implanted in a
patient and facilitating implantation of said endothelialized graft into
a patient, and means for creating pressure differentials through said
lines for conveying product between said collection and processing means.

According to a second embodiment of this invention, there is
provided a method for sterilely procuring and depositing endothelial
cells onto a graft to be implanted in a patient characterized by the steps
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of tollecting fat from a patient into a sterile fat collection means,
sterilely transferring said collected fat through a closed line into a
sterile digestion means, rinsing and digesting said fat within said
digestion means to produce a digested product, sterilely transferring

5 said digested product through a closed Tine into a sterile isolation
means, isolating endothelial cells from said digested product within said
isolation means to produce an endothelial cell product, sterilely
transferring said endothelial cell product through a closed line into a
sterile cell deposition means, sterilely depositing said cell product

10 onto a surface of a graft to be implanted into a patient, and performing
said various transferring steps by establishing pressure differentials
through said lines.

Figure 1 is a schematic of the fat collection unit which is used to

collect fat containing microvascular endothelial cells from the patient

15 to receive the graft, which fat is ultimately collected into a fat
collection device;

Figure 2 is a schematic of the digestion unit. wherein the

digestion device is shown in association with the fat collection device
of fat collection unit of Figure 1, which unit is used

® oo
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to produce a digestion product which 1is transferred to the
endothelia) cell isolation device, also shown in Figure 2;
Fiqure 3 is a diagram of the endothelial cell isolation unit;
Figure 4 is a diagram of the vascular graft processing unit
5 and the endothelial cell deposition wunit illustrating the
components which produce the endothelial cell product and which
transfer that product for deposition on a vascular graft;
Figure 5 is a cross-section, on a greatly enlarged scale, of

‘s ““‘the fat collection device of Figure 1;

o 49 )
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19° °** Figure 6(a) is a longitudinal cross-section, in a greatly

..“enlarged scale, of the digestion device of Figure 2;

Y Figure 6(b) is a bottom view, in a greatly enlarged scale, of

ere sze wesDe
.
-

the digestion device of Figure 2;

Figure 6(c) is a top end view, in a greatly enlarged scale of
15 .+¢~ the digestion device of Figure 2;

evae
[ XXX}
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. Figure 7(a) is an enlarged front view of the endothelial cell

.. 1solation device of Figure 2;

.
.6 &

ace

Figure 7(b) is an enlarged side view of the endothelial cell

isolation device of Figure 2; .
20 * : Figure 8 is a diagrammatic cross section of the process tube
'éssembly, shown in Figure 4 within the endothelial cell deposition

unit, which process tube assembly is used to introduce the




endothelial cell product ontc the interior surface of the graft

lumen;

* Figure 9 1is an enlarged diagrammatic cross-section of the
inner and outer process tubes of the vascular graft processing unit

5 illustrated in Figure 8;

Figure 10 is a greatly enlarged side view of the components

of the inner process tube of Figure 9;

Figure 11 is 2 greatly enlarged side view of the components

.s*, . of the outer process tube of Figure 9;

[ o0

1Q¢,:°, Figure 12 is a bar graph showing the average endothelial cell
*:"q‘“ density achieved per section of processed graft for the grafts
E,:";proce'ssed using the preferred kit of the present invention and

dw

een o'those using prior art methods:

Figure 13 is a scanning electron micrograph cf a graft

15 processed with the preferred kit of the present invention.
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E.‘.‘ * In accordance with the preferred methods of the present
invention, subcutaneous fat is removed from the patient using
20_: ,,gnodified liposuction techniques and transferred to a self-
ﬁ';'.‘:;:ontained, closed device where the fat car be stored under sterile
conditions until needed. Ths fat is sterilely transferred to a

digestion.device where it is automatically washed initially to




remove red blood c=lls and other debris, followed by a controlled
cecllagenase digestion for 20 minutes at 37'C. The fat slurry is
then transferred to an endothelial cell isolation device, again
under sterile conditions, where endothelial cells sediment into an
5 isolation device, @lilowing automatic retrieval of the isolated
endothelial cells. The cell suspension is then sterilely
transferred to a processing unit wherein the cells are rapidly
filtered onto the graft surface under sterile conditions. The
‘:3,§ndothelial cell isolation and¢ deposition process requires only

10°.°..about 40 minutes for completion using the kit described herein.

)

**sFollowing an incubation period, the graft is ready for implantation

®©00 00O oo

.finto the patient. In paired compariéons between the kit and the

L]
20

‘ methods practiced previously, equivalence and reproducibility in
the number of isolated endotheiial cells and adherence of the cells
15,,., to graft surface have been observed. The system yields endothelial

,ses0 Cell product in numbers accept-ble for subsequent high density

LX) L]

seeding (range 5.14 x 10° to 4.24 x 10’ cells from 50 ccs of fat)

and adherence to the graft surtace. The kit deposits cells along
the entire length and diameter of the graft consistently, with no
26:‘"Esignificant difference in cell concentration as compared by
'?°3ana1ysis of variance. Significant advantages of the kit include
1) closed, sterile fluid path; 2) minimal wuser input; 3)

compatibilify with an operating room environment; 4) optimization

-8-



of the conditions to a highly reproducible process from patient to
patient.
The system consists of five primary subsystems: 1) fat
collection unit (see Figure 1); 2) digestion unit (see Figure 2):
5 3) endothelial cell isolation unit (see Figure 3); 4) vascular
graft processing unit (see Figqure 4); and 5) endothelial cell
deposition unit (see Figure 4).
The fat c¢ollection unit (Figure 1) collects subcutaneous fat
°:°°.§tissue sample from a patient. The coxponents include: in-flow

10°.%.."tubing (12), fat collection device (14), vacuum tubing (15),

ce;aspiration cannula (1”' and an aspiration pump (18). The

.:.aspglration pump (18) is used to suction subcutaneous fat tissue

L]
we

" from the patient through the cannula (10) and in-flow tubing (12)
and into the fat collection device (14).

15 The fat collection devicevis shown in Fiqure 5. It consists

.:.:: of a cylindrical chamber (54) with two vacuum line ports at the top

. (59 and 61) and an outlet port (§0) at the bottom connected to a
:’:'.two-way stopcock (62). A plunger rod (57) passes through the top
of the chamber and is connected to a syringe-iike stopper (56).
2d:'“§The stopper has two holes through which vacuum line ports (59 and
':.3561) pass. When the plunger is in the "down" position, a flexible
rubber diaphragm (58) covers the bottom of the stopper and the

holes. When the plunger is in the "up® position, the rubber



diaphragm (58) is pushed away from the bottom of the stopper by the
vacuum line ports {59 and 61), thus opening communication between
the inside of the chamber and the vacuum lines (12 and 15). 1In
order to use the device, it must be placed in line with the vacuum
5 line of a liposuction system by using the elbow connectors (63 and
65). In addition, the plunger rod must be in the "up" position.
During liposuction, the device acts as a catch trap for the fat
tissue. After the appropriate amount of fat 1s collected, the
«."« svacuum line elbow connectors (63 and 65) arec disconnected and the

10°,°,.'plunger rod (57) is pushed down. The rubber diaphragm (58) assumes

«esits original position covering and sealing the bottom of the

°'stop_per as it forces the fat tissue out of the outlet port. The

oee oee® oo

.subject device serves two functions: to collect fat and facilitate
transfer to the digestion unit in a sterile manner.

15 The digestion unit (Figure 2) rinses the fat tissue sample

[ X RN ]
e

eeeo With rinse solution and digests. it with the enzyme collagenase.

" The components include: digestion device (16), waste vessel (32)

*es «’endothelial cell isolation device (30), digestion stand (17),
collagenase solution IV ba7s/sets (20 and 22), rinse solution IV
20:'°°Ebags/sets (21 and 24), control box (27) for temperature and fluid

«*.ttransfer controls and system vacuum source, assorted tubing

connectors, air filters, valves. The fat tissue is manually

transferred fr;:m the fat collection device (14) through a closed

-10-



line into the digestion device (16). The fat tissue is rinsed
therein with rinse solution introduced into the chamber from the
rinse solution IV bags/sets (21 and 24). The rinse solution is
drained from the chamber into the waste vessel (32) after rinsing
5 is completed. The collagenase solution is then transferred from
the collagenase snlution IV bags/sets (20 and 22) into the
digestion device (16). Digestion of the fat tissue by the

collagenase solution occurs while the mixture is agitated with

LA °
L] °

« "sifiltered air and heated to 37°C. The digested fat tissue and

10.:.°'.collagenas.:e solution mixture is then vacuum transferred into the

‘endothelial cell isolation device (30) for further processing.

.The digestion device is shown in Figure 6. It consists of a

chamber (64) with several inlet ports at the top (66, 67, 68, 69
and 70), one of which contains a filter and is connected to a tube

15+.2. (72) which terminates near the bottom of the chamber. A series of

et . "fingers" (74) is bonded to the end of the tube in a radial

LR L]

., fashion. At the bottom of the chamber is a conical mesh filter

(76) below which are two outlet ports (80 and 82) and a temperature
probe sheath (78). During use, the collected fat tissue is
20° * introduced into the chamber (64) through one of the top inlet ports

* °%(66) followed by rinse solution (Media 199E, Hanks, saline, PBS or
other physiological buffered solution) through another of the inlet

ports (67). A vacuunm line, connected to another inlet port (68)

-11-




causes filtered air to enter through the center port (69) »nd tube
(72) which air bubbles up through the fat mixture c¢r-ating
agitation. The "fingers" (74) serve to distribute the bubbliag air
to ensure uniform agitation and provide a frictional surface to
5 facilitate break-up of the fat. The rinse solution is then drawn
out through the bottom of the mesh and expelled through one of the
outlet ports (80) leaving behind fat tissue relatively free of
blood. Digestive enzyme solution (collagenase, dispase, trypsin,
«."« tor other tissue dissociation enzyme) is introduced through another

10':°::°of the top inlet ports (70) followed by agitation by bubbling.

«.»Throughout this process, a temperature probe (79) inside the probe

»+ «"sheath (78) monitors the process temperature and sends feedback to

e ©00® o000

‘an external heat controller within the control box (27). When
digestion 1is complete, the digested fat solution, rich in

5 .. microvessel endothelial cells, is drawh out through the bottom mesh

L]
000

.... and expelled through an outlet port (82) for subsequent processing.

“The mesh (76) retains undigested tissue and large fibrous matter
E°:.:'which is discarded with the device. The subject device is a closed
system which lessens the likelihood of contamination and reduces
20:°"§the amount of labor and user error.
‘... . The endothelial cell isolation unit (shown in Figure 3)
separates and isolates the endothelial cells from within the

digested fat tissue sample. The components include: centrifuge

-12-



(33), centrifuge shields (31), endothelial cell isolation device
(30). The endothelial cell isolation device (30) is placed into
a centrifuge shield and the assembly is placed into the centrifuge
(33). Centrifugation isolates the endothelial cells. The
S endothelial cell isolation device (30) is then placed in line with
the vascular graft processing unit and mounted on the endothelial

cell deposition unit.
The endothelial cell isolation device is shown in Figure 7.

+ "eiTt consists of a primary chamber (88) tapering to a secondary

10.:.".chamber or ampule (90) having inlet and outlet ports (92 and 94).

L]

:*’In line with each port (92 and 94) is a two-position valve (91 and

,+*93). The first position allows communication between the primary

®00 ee0® ooo0
L]

L]
L]
L]

and secondary chambers. The second position allows communication
between the secondary chamber and the outside port. Each valve (9"

15 eeee and 93) is initially turned to the first position. Digested fat

.:::':tissue is introduced through the top port (84). The device is then

.. Placed into a centrifuge and - spun. Centrifugation separates

e o

endothelial cells into the ampule (90), the dimensions of which are

optimized for isolating a "pellet" of endothelial cells between the

20 f.. ftwo ports. The valves are then turned to the second position

"*isolating the "pellet" from the primary chamber (88) above and
packed red blood cells below. The endothelial cell "pellet" may

then be flushed out by attaching a pressurized line to the inlet

-13-



port (92) or vacuum line to the outlet port (94). The subject

device is a closed system which maintains sterility and reduces the
amount of labor and user error.

The vascular graft processing unit shown in Figure 4 protects,

5 maintains sterility and facilitates the processing of the graft

during handling, pre-wetting and cell deposition. The components

include: process tube assembly including an inner and an outer tube

.o «46), graft, vacuum line/trap assembly (44), vortex/mesh assembly

.°.**(34), autologous serum/media solution IV bags/sets (36 and 38).

e oo

10:*, The graft is mounted within' the inner tube of the process tube

:.,s"assembly. The purpose of the outer tube is to maintain sterility

©of the inner tube. The graft is pre-wetted prior to cell

deposition by drawing the autologous serum/media solution from an

IV bag, through the vortex/mesh assembly, into the lumen of the

15%....°graft, and out through tlie graft wall until all air is purged from

"es ithe inner tube of the process tube assembly. The graft processing

E.: :.unit is then transferred to the endothelial cell deposition unit.

The fully assembled prccess tube is shown in Figure 8. - It

”_":consists' of two major assemblies: inner process tube (100) and

20,°*, :outer process tube (112) (see Figure 9). As shown in Figure 10,
the inner process tube consists of the following sub-assemblies:
vent cap (104), handle cap (108), inner process tube body (102),

tunneler (110), tunneler tii: (106). A graft is threaded through

-14-



the lumen of the tunneler (110) and is attached to the handle cap
(108) prior to assenibly. As shown in Figure 11, the outer process
tube consists of the following subassemblies: outer process tube
body (113), inflow endcap (116), outflow endcap (114). In its
5 fully assembled form, the process tube assembly_ serves the
following functions: it houses, protects and maintains sterility
of the graft during shipment and handling in the operating room;

it supports the graft and allows fluid access to the graft lumen

. ..Quring endothelialization; it breaks down into a sub-assembly which
. " facilitates implantation of the graft while protecting the
.:::éndothelial lining. During endoth.elialization, the inflow endcap

! ,*°of the device (116) is connected to a container of @ndothelial cell

eee o

suspension, and the outflow endcap (114) is connected to a vacuum
source in the control box (27). Negative pressure external to the

15.::::.porous graft causes the endothelial cell suspens;ion to flow into

A X X

*.’t"sthe graft lumen and out through the wall thereby filtering

s endothelial cells onto the inner graft wall. The filtered solution

L[]
o o
o0 o

continues to flow out through the holes (111) in the tunneler wall |

,(110) and out of the vent cap (104). During this operation, the

20., .,device may be rotated about its central axis by the addition of

L]
. o

rotary fittings at the outer process tube end caps. After
endothelialization is complete, the inner process tube (100) is

removed from the outer process tube (112) and the handle cap



(108) /tunneler (110)/tip (106) assembly is removed from the inner
process tube body (102). The graft may then be "tunneled" through,
for example, the patient's leg tissue for proper graft placement
without contacting or disturbing the graft. Once positioned, the
5 handle cap (108) is detached from the tunneler (110) and the
tunneler (110) is withdrawn, leaving the graft in place for the
distal anastomosis. An. IV line containing autologous serum media

solution may be connected to the handle cap (108) to maintain
. .Wetting of the graft lumen during surgical placement. When the

. “"distal anastomosis is completed, the graft is snipped at the

_--proiimal end, releasing it from the handle cap {108) and readying

10

.**Jt for the proximal anastomosis.

e o

The endothelial cell deposition unit shown in Figure 4

promotes endothelial cell deposition onto the lumen of the graft.

CE XX

15.°°"The components include: process tube rotation fixture (48),
‘:::‘:insulated trough (50), heating pad (52), water circulator/heater

«+ (53). The process tube assembly (46) is positioned on the rotation

fixture within the insulated trough and wrapped in the heating pad

which is heated by the water circulator. The cell deposition

20.,. :procedure is initiated by using vacuum to draw autclogous

serum/media solution and the isolated endothelial cells from
endothelial cell isolation device (30). The endothelial cells and

autologous serum/media solution éass through the vortex/mesh

-16~




assembly (34) which breaks up the endothelial cell pellet and

filters out gross particulate. The endothelial cells resuspended

in the solution are pressurized into the lumen of the graft. The

graft filters the solution leaving endothelial cells on the luminal

5 wall. During pressurization, and subsequent cell-graft

association, the graft is rotated zbout its central axis at a
constant rate and maintained at 37°C.

Ancillary items include: blood collection bag and transfer bag

+ “swithout anticoagulant to be used for blood collection and serum

10 .""éeparation, the serum to be used for the make-up of autologous

::éerum/ﬁedia solution and an additional solution IV bag filled with

.:autologous serum/media solution and an administration set to be

used to maintain the cells during graft implantation.

15 +.«.EXAMPLE 1

LI Microvascular endothelial cells were isolated and deposited

on 4mm x 80cm expanded polytetrafluoroethylene (ePTFE) grafts using

00

both the kit and patented methods. After a two hour rotation, the
grafts were rinsed with media and cut into 8 _sections. Pl is where

20°*"""the cells were introduced and P8 is the opposite end. The graft

*segments were hematoxylin stained and the cells counted using an

automated image analysis system. Figure 12 provides the average

-17-~



cell density achieved per section on such Gore-Tex® tubular grafts.

EXAMPLE 2
Endothelial cell product was prepared and deposited on an
5 ePTFE graft using the kit. A scanning electron micrograph of the
microvascular endothelial cells deposited on the graft is shown in
Figure 13. The endothelial cell product was consistently deposited

along the entire length of the graft with no significant variation

'« “ein cell concentration.

s Je

107" As seen from the above a simple, reliable kit for producing

..an endothelialized graft using microvascular endothelial cells is

[ B J

eg 007 @&
L4

.:provided. These cells are harvested from a patient who is to

L)
(X3

receive the graft and processed. through the use of kit which
isolates those cells to produce cell deposition product, and

15 «sevdeposits that product on the surface of a graft, all under sterile

e~eeo

.**i*conditions established and maintained within the components of the

.. kit.

o0 o

While the foregoing description has been directed to the

preferred embodiment kit of the present invention, those of

L]
(TR R X X ]

20 * ordinary skill in the art in this field will appreciate that

o6& L4

*¥arious modifications .can be made in the materials and methods

described herein without departing from the scope of the present
invention, which is defined more particularly in the claims
appended hereto.

-18-
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The claims defining the invention are as follows:
1. Ar endothelial cell procurement and depcsition apparatus for collecting
fat from a patient, processing said fa* to produce an eriothelial cell deposition
product, and deapositing said product on the surface of 4 graft, ell under sterile
conditions established and maintained within the apparaius, characterized by a fat
collection means for collecting fat from a patient, sealed digestion means connected
to said fat collection means through a closed ling to maintain sterility during
reception of said fat within said digestion means and for retaining said fat under
sterile conditions during rinsing and digestion to produce a digested product, sealed

10endothelial cell isolation means connected to said digestion means through a closed

15

20

25

line for maintaining sterile conditions during reception of said digested product within
said cell isolation means and for separating and isolating microvessel endothelial
cells from said digested product to produce an endothelial cell product, sealed cell
deposition means connected to said isolation means through a closed line for
maintaining sterile conditions during reception of said endothelial cell product within
said deposition means and for depositing said cells on the surface of a graft to be
implarjted in a patient and facilitating implantation of saicl endothelialized graft into a
patient, and means for creating pressure differentials through said lines for
conveying prodiuct between said collection and processing means.

2. Apparatus according to claim 1, characterized by fet receiving means
connected to said fat collection means through a closed line for receiving said
collected fat and for storing said fat under sterile conditions until needed.

3. Apparatus according to claim 2, characterized in that said fat receiving
means further comprises a chamber having a top and & bottom, stopper means in
sealing engagement with the chamber and capable of heing slidably raised and
lowered within said chamber, inlet tube means connected to said fat collection
means extending through said stopper means into said chamber, vacuum inlet tube
means extending through said stopper means into said chamber, plunger means
connected to said stopper means for lowering and raising said stopper means,
diaphragm means affixed to said stopper means for sesiing said chamber during fat
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20

25

- 20 -
transfer, said diaphragm means being d‘eﬂected by said in'st tube means and said
vacuum inlet tube means when said stopper means is in a raised position and
closing off both said inlet means when the stopper means Is in a lowered position
thereby facilitating fat transfer from the chamber, and outlet means affixed to the
bottom of the chamber including & valve means for regulating the transfer of fat
from the chamber.
4, Apparatus according to any of claims 1 to 3, characterized in that the
digestion means comprises a chamber having a top anc a bottem, a first inlet port
affixed at the top of the chamber connectable to the fat collection means for
introducing collected fat into the digestion means charaber, a second inlet port
affixed at the top of the chamber for introducing digesting solution into the digestion
means chamber, a third inlet port affixed at the top of the chamber for introducing
rinsing solution into the digestion means chamber, a fourth inlet port affixed at the
top of the chamber connectable to a vacuum source, a fitth inlet port affixed at the

; top of the chamber for introducing filtered ambient air irto the digestion means

chamber, a tube centrally disposed within the chamber parallel to the longitudinal
axis of the chamber, said tube having a top and a bottom and connectad at its top
end to said fifth inlet port and connected at its bottom ¢nd to an agitating means
through which tube filtered amiient alr can be introduced into said chamber, filtering
means connected under the agitating means for retaining undigested debris,
monitoring means connected at the bottom of the chamiber for monitoring the
reaction withir: the chamber, a first outlet port affixed at the bottom of the cliaraiar
for removing rinse solution and digestion debris, and a second outlet port affixed at
the bottom of the chamber connected to the endothelial cell isoiation means for
transferring said digested product to the endothelial cell isolation means,

5. Apparatus according to any of claims 1 to 4, characterized in that the
endathelial cell isolation means comprises a first chamber connected to the
digestion means for receiving digested product and having a top and a bottom, a
first inlet port at the top of said first chamber connectexi to the digestion means, a
second chamber connected to the bottom of the first chamber to isclate the
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endothelial cell Lroduci, a second Inlet port affixed to said second chamber having a
two-position valve allowing communication between said first anc second chamber
when in a first position and isolation between sald chambers when in a second
position, an oullet port affixed to said second chamber having a second two-position
valve allowing closing and opening said outlet port in first and sacond positions,
respectively, of said second valve, whereby when said isolation means » «aining
said ciigested prodtict is centrifuged, the endothelial cells are isolated iom the
digested product within said second chamber when both of said two position valves
are in said second position,

8. Apparatus according to any of claims 1 to 5, characterized in that the
cell deposition means comprises an inner process tube assembiy havirg en inlet
and outlet means for supponting the graft during deposition of endothelial cell
product onto the graft under sterile conditions, and an outer process tube asserbly
for housing the inner process tube assembly and maintaining sterility during the cell
deposition pro~ess.

7. Apparatus according to claim 6, characterized in that the outer process
tube assembly furtner comprises a tube body, a first endcap connected to the tube
body having an inlet means connected to the endothsliel cell isclation means and a
communicating outlet means connected to the inlet means of the inner process tube
assembly, and a second endcap connhected to the tube body having communicating
inlet and outlat means, said sesond endcap inlet means being connected to the
outlet means of the inner process tube assembly, and rotary fittings on both
endcaps whercby the device may be rolated aboui its central axis.

8. Apparatus according 1o ciaim 6 or claim 7, characterized in that the
inner process ube assembly comprises a tunneier assembly connected to the tube
body at the end thereol which is connected to the cell isolation means, and a vent
cap having an outlet means connected to the inlet means of said second endcap,
whereby cell product introduced under pressure flows through tha graft housed in
the tunneler assembly and deposite cell product onlo the graft.
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o. A method for sterilely procuring ana depositing endothelial cells onto a
graft to be implanted in a patlent characterized by tha steps of collecting fat from a
patient into a sterile fat collection means, sterilely transferring said collscted fat
through a closed ling into a sterlle digestion means, rinsing and digesting said fat
within said digesticn means to produce a digested produict, sterilely transferring said
digested product through & closed line into a sterile isoliution means, isolating
endothelial cells from said digested product within said isolation means to produce
an endothelial cell product, sterilely transterring sald endothelial cell product through
a closed line into a sterile cell deposition means, sterilely depositing said cell
product onto a surface of a graft to be implanted into a patient, anwi performing sald
various transferring steps by establishing pressure ditferentials through said lines.
10. An endothelial procurement and deposition apparatus substantially as
herelnbefure described with reference to the accompanying drawings.
11. A mathod for sterilely procuring and depositing endothelial cells

15 according to claim 9 and substantially as hereinbefore described.

DATER this FOURTH day of JANUARY 1993

Becton Dickinson & Company
Thomas Jefferson University
Patent Attorneys for the Applicants/Nominated Persons
SPRUSON & FERGUSON
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