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) INTRODUCTION

The cure for breast cancer

is a long-term clinical realization.
In the meantime, patients continue |

to. undergo mastcctomles as a
preventative ‘measure -against

_breast cancer or ‘as a means.to -

surgically resect an existing breast - &

' cancer. Conventlonal procedures
~ for reconstructing breast or other
soft tissue defects requlrmg
._adlpose t1ssu_e, involve “robbing
Peter to pay Paul”.  That is, tissue

'~ from a donor site on the patient is -

used to reconstruct ‘the breast

“mound. Ideally, the reconstructive §

. goal would be to completely avdid

~.using funct10na1 tissues, such as .

muscle, for soft tissue

reconstruction.’ Cons1der1ng the

" fact that the general cost. of

reconstruction is high, in both the -
" monetary and the physical sense, a’
need exists to reduce costs and
. develop innovative reconstruction
methodologies. ~ The |
multidisciplinary ‘efforts. of
blocngmeermg and "materials .
science, cell biology, and surgical
science can interact through the

field of tissue engineering to help

- produce viable adipose tissue

. solutions for presently limited
* reconstructive applications in soft
 tissue ~augmentation and,

ultimately, for incorporation into

compound flap tissue for clinical

use to increase soft tissue bulk and
help create or repair appropriate

Flgure 1. Overall adlpose nssue engmeenng strategy ThlS :
grant focuses on the adipose and polymer aspects of the
plan. Other grants cover the ,yasculanzatlon issues.

superficial body contour and shape

where well-vascularized soft tissue -

1is needed. Figure 1 deplcts thc
overall strategy.




vBODY:"
' The specrfrc tasks of the prOJect as ongmally stated are to -

1 Assess in vivo adrpose formatlon 1n PLGA polymer scaffolds seeded wrth pnmary rat

" preadipocytes and implanted subcutaneously for three’ and sur months Adlpose' o

- formatron wrll be assessed h1stolog1cally usmg OsO4 stammg

2 ‘Fabncate breast-shaped PLGA polymer scaffolds usrng a vacuum-assrsted partrculate- S

- leaching process and assess polymer architecture. A hermsphere w111 be used as an initial
- ‘model breast shape. -Pore size distribution, number of pores and global archrtecture will
- . be assessed usmg Hg 1nfus1on porosrmetry and SEM g

3, Assess feaS1b111ty of transfernng preadrpocyte-seeded breast-shaped polymer scaffolds as"
~ flaps based on an omental vascular pedicle. -Conventional tissue transfer and
- mrcrovascular surgery techmques w1ll be- apphed to’ carry out thrs arm '

* . supplementary to the final report submitted and approved last year. The no-cost extensron was

- requested to complete portions of Task 3. . Specifically, adipose tissue comnstructs were just’

' _1mp1anted in micropigs at the end of 9/02. The extension was requested to use the final - 2

. remammg grant balance for costs assoc1ated wrth harvestmg, hlstology, and analy81s

‘The focus of Task 3 was changed slightly based on the need to develop a large animal model. It
~ was decided that Task 3 could not be conducted appropnately or conclusively in a small animal
model. A large animal model does not currently exist for testmg clinically translatable adrpose
tissue engineering strategies for breast reconstruction prior to proceeding to clinical trials in', E
“humans. -One cannot scale up from small animal models to human studies. Small animal models
‘possess two predominant limitations. - One, small animal models cannot be carried out long
enough to assess the robustness and persistence of breast restoration strategies.. Assessing the
" maintenance of de novo tissue is critical for determining whether tissue is remodeled and

_resorbed, reaches desired homeostasis, or continues to grow unchecked (i.e., tumor).’ Second, " '

small animal models do not permit assessment of clinically sized tissue volumes.” Tissue
regeneration strategies in small animal models are necessarily limited to small volumes that can.
survive by diffusion and transient neovascularization. This is not the case in humans and large
animal models. That is, mass transport issues (i.e., blood supply) are ch1ef des1gn constramts for -
trssue engrneermg strategies 1nvolv1ng large tissue volumes :

We elected to use Yucatan MrcroPrgs as a large ammal model as they satrsfy the cnterra for an
adipose tissue engineering large animal model listed in Table 1. Approxrmately 6 months ago,
‘another investigator (W. Morrison) also began. to use the pig model for adipose tissue - ‘
engineering research (personal communication). MrcroPrgs specifically, offer the advantages of -
being a pure breed (less in vivo variation), hairless, gentle and tractable, used extensively as a

wound healing and cardiovascular models, and have a slow, defined growth rate and desirable

size (14-20 kg at sexual maturity/5-6 months and 40-60 kg at adult/ 12-14 months). Moreover,




'preadlpocytes have been successfully cultured from swine in a manner s1m11ar to how we have
i cultured rat preadrpocytes ' «

) Table 1: Desrgn crltena for large ammal model

Blood vessels must be of sufﬁcrent diameter to penmt anastamos1s usmg standard mrcrosurgery techmques
‘Animal size must be large enough to reflect convection- and diffusion- dependent mass transport, - - ‘
Animal’s tissue structure must permit the harvest, isolation, and culture of preadipocytes. ’ ‘ .
Animal’s anatomy must permit placement of constructs without impairing the ammal’s mob111ty or qualxty of hfe
and provide protection from mechanical damage due to animal’s lifestyle. .~ ‘
-Animal’s growth rate must permit long -term studles in that the animal must not become too large or reach the end of
_its natural life expectancy. = . L o
: Ammal’s soft tlssue and cardrovascular physrology should be snmlar to human - o

- In collaboratron W1th a plastlc surgeon (E. Beahm) we have conducted prehmmary studles of -
: transplantmg constructs based on a host blood supply and assessing whether mature constructs
~ can be transferred as a free flap using conventional mrcrosurglcal techniques. The epigastric and
mammary vessels of male MicroPigs were assessed. The’ mammary vessels proved to be ideal -
candidates for construct placement and transfer. Three pigs were utilized in pilot studies. The
pigs tolerated the constructs well.” Constructs placed in the chest wall were tolerated better and .
had fewer complications than those placed in the groin region. The groin region (basmg ‘

~ constructs on the epigastric vessels) proved to inappropriate because (a) too much mechanical |
. stress on the constructs due to pig wallowing and (b) too much free tissue space in the area,
~ leading to seroma formation. Chest wall placement (based on’ the. mammary vessels) proved
ideal and translates dlrectly to the intended strategy for humans

The plgs ‘were carned out several weeks and the constructs were harvested As expected a’
“natural fibrovascular capsule formed around the constructs (as it does w1th any forergn body).
_ ‘Vessels had remamed patent : :

A: Sllrcone hemlspherrcal B. Various vessels were isolated C. Isolated vessel
constructs were fabricated and using microsurgical  technique. (mammary vessel) was -
filled with a mixture of Vessel flow was ensured after places within  the -
Matrigel and po‘ly(glycolic surgical manipulation via pencil construct..

. acid) polymer non- woven Doppler. :

'ﬁbers : '




"D.A silicone “top” 'Was} sewn E. Alternative vessel sites were . F. Tp._aSPeet of figure - -
onto the ~ conmstruct . to - tested (here the eplgastnc vessels of shows' an - open

B .,completely seal the vessel into the groin), but they proved to be too construct. “The bottom

- the Matngel/polymer interior. .~ cumbersome and/or they did not aspect of the figure.
P Lo o . provide enough. “tissue shielding' ‘shows . the construct
_from the pigs daily movement (i.e., rotated in: proper -
" mechanical stresses . due to . orientation and placed = |
cwallowing). -~ " . " in the pig’s chest. A .
S Do B “breast” mound is
formed. - = -

G. Implanted construct at tnne
of harvest L

" KEY RESEARCH ACCOMPLISI—IMENTS

" See ﬁnal report for Year l 3 accomphshments Key accomphshments for the 6-month extens1on '
include: .

~» Large animal model development was 1n1t1ated
- .. *» 'Pilot studles were successful :

H

‘ REPORTABLE OUTCOMES

* Pilot studles were completed demonstratmg the fea81b111ty of using the rmcroplg as an animal
model. A competing renewal of this grant was submitted to the DOD such that the large animal
model could be further developed, characterized, and employed in adipose tissue engineering -
. studies. The grant, entitled “In vivo porcine test bed for restoring the postmastectomy breast
through tissue engineering”, was not selected for funding based largely on the fact that the
reviewers did not feel that development of a large animal model was within the scope of the
Breast Cancer Research program. The large animal model development, deemed by the PI to be




- .,,cntrcal for the translatlon of small an1mal and bench top research to the human is currently on i :
o ’hold untﬂ addltlonal support can be garnered from extramural or phllanthroplc sources. o

o CONCLUSIONS
' -'fThe results of th1s grant have been successful in both a young 301ent1flc ﬁeld (uSsue engmeenng);. o

- and infant application area (adlpose tissue engmeermg) Feasrblhty of adipose tissue engineering = .
~. has been demonstrated, knowledge has been increased, desrgn constraints have been defined, and

. the next steps requ1red to reach the ultimate goal of a clinically translatable strategy are clear. - s
o ‘There are now laboratoriés in three other countries focused on the area of adipose tissue .
engineering. Support from the DOD. has allowed th1s laboratory to. not only be the flrst B

: laboratory to pubhsh results but also to remaln at the forefront
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