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T
i s sue en gi n eering is an
em er ging area of
bi o tech n o l ogy that wi ll
provi de rep l acem ent ti s-
sues for pati en t s , as well

as com p l ex , f u n cti onal bi o l ogical sys-
tems for re s e a rch and te s ting in the
ph a rm aceutical indu s try. A new
re s e a rch area of ti s sue en gi n eering is
the inve s ti ga ti on of h ow living cell s
i n teract with and re s pond to synthet-
ic bi om a terial su rf ace s . The cl i n i c a l
devel opm ents that underlie that
re s e a rch inclu de a nu m ber of n ovel
ti s su e - en gi n eered medical produ ct s
(T E M Ps ) . Examples inclu de rep l ace-
m ent skin as a synthetic derm a l

m a trix for pati ents with ch ron i c
u l cers and bu rn s , n erve guidance
ch a n n els to en h a n ce the repair of
d a m a ged peri ph eral nervous ti s su e ,
or material for de s i gning secon d - gen-
era ti on coron a ry artery stents for
p a ti ents with heart disease. A goal of
ti s sue en gi n eering is to provi de per-
m a n ent rep l acem ent produ cts that
a re safe for the pati en t s . Th erefore , i t
is important to iden tify bi om a rkers
and measu rem ent tech n o l ogies to
determine the safety of T E M Ps in
terms of gen etic ch a n ges that migh t
occur du ring devel opm en t , s tora ge ,
and tra n s port a ti on . Fa i lu re to mon i-
tor the devel opm ent of u n fore s een
cellular damage could affect a TEMP’s

ef f i c acy and thre a ten pati en t s’ l on g -
term health. Fu rt h erm ore , the same
bi om a rkers and measu rem ent tech-
n o l ogies may be app l i c a ble in cryo -
pre s erva ti on to help understand how
cells and ti s sues re act under differen t
con d i ti on s .

B i o m a r ke rs of Genetic Changes

To determine if T E M Ps have
u n der gone gen etic ch a n ges du ri n g
t h eir devel opm en t , s tora ge and tra n s-
port a ti on , cellular ox i d a tive stre s s
can be measu red as a para m eter.
Ox i d a tive stress caused by free rad i-
cals damages bi om o l ecules in livi n g
cell s , i n cluding DNA . Free rad i c a l s
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a re produ ced by normal cellu l a r
m et a bolism and by exogenous source s
su ch as carc i n ogenic com pounds and
i onizing rad i a ti on .1 D NA damage
c a u s ed by free radicals is the most fre-
qu ent type en co u n tered by aerobi c
cell s . O f the free rad i c a l s , the high ly
re active hyd rox yl radical causes the
most damage to DNA and other bi o-
l ogical molec u l e s .1 – 3 S tudies show
that free radicals are implicated in
m a ny diseases su ch as cancer, a rt h ri-
ti s , c a t a ract s , h e a rt disease, a n d
Al z h ei m er ’s disease.1 Th erefore , it is
i m portant to determine if a ny sign i f i-
cant level of f ree rad i c a l - i n du ced
D NA damage has occ u rred to a
T E M P.

The most com m on type of bi o-
m a rker for assessing free rad i c a l -
i n du ced ox i d a tive stress in living cell s
is ox i d a tive damage to DNA bases.
Using ti s su e - en gi n eered skin as a
m odel , the levels of s everal su ch bi o-
m a rkers were measu red and com-
p a red to the levels in appropri a te con-

trol cells using gas ch rom a togra phy /
i s o tope - d i luti on mass spectrom etry
and liquid ch rom a togra phy / i s o tope -
d i luti on mass spectrom etry wi t h
i n ternal calibra ti on standard s .

It also was determ i n ed if cellu l a r
com pon ents of T E M Ps contain mut a-
ti ons in the TP53 tu m or su ppre s s or
gen e . Because the TP53 gene is the
most com m on ly mut a ted gene in skin
c a n cer, mut a ti ons in this gene also
can be used as safety bi om a rkers .
Ti s su e - en gi n eered skin was ex a m i n ed
for mut a ti ons in the TP53 gene using
t wo PCR- b a s ed screening tech n o l o-
gies (single strand con form a ti on
po lym orph i s m - c a p i ll a ry el ectroph ore s i s ,
C E - S S C P; and den a tu ring high per-
form a n ce liquid ch rom a togra phy,
D H P LC ) . To insu re the acc u racy of
the measu rem en t s , i n ternal calibra-
ti on standards of the TP53 gene that
were devel oped at the Na ti on a l
In s ti tute of S t a n d a rds and Tech n o l ogy
were used in both measu rem ent tech-
n o l ogi e s .

Loss of the Y- ch rom o s ome is a bi o-
m a rker that determines if pri m a ry
s om a tic cells have under gone an
exce s s ive nu m ber of p a s s a ges (agi n g ) .
To determine if the cells com pri s i n g
the ti s su e - en gi n eered skin materi a l
h ad under gone ch rom o s ome damage ,
the loss of the Y- ch rom o s ome was
m e a su red with flu ore s cent in situ
hybri d i z a ti on .

S tudies su ch as these can provi de
the basis for intern a ti onal bi om a rker
s t a n d a rds that may aid in the devel-
opm ent and safety of T E M Ps .
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