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oward gene therapy of endometriosis:
ransductional and transcriptional targeting
f adenoviral vectors to endometriosis cells

ssam-Eldin R. Othman, MD; Zeng B. Zhu, MD; David T. Curiel, MD, PhD; Nilufar Khatoon, MSc;
osam T. Salem, MD, PhD; Essam Al-Din M. Khalifa, MD; Ayman Al-Hendy, MD, PhD
BJECTIVE: The purpose of this study was to screen a panel of tar-
eted adenoviruses as vectors for endometriosis gene therapy.

TUDY DESIGN: Endometriotic cells were obtained from subjects with
varian endometriomas. Liver tissues were taken from donors during
epatic transplantation surgery. Human endometriotic cells and liver
issues were transfected by targeted adenoviruses expressing lucif-
rase reporter gene. Luciferase activity that was mediated by each virus
as expressed as a percentage of adenovirus serotype 5 (Ad5-CMV-

uc) activity. The 2-tailed Studentt test was used to compare the ade-
ovirus data.

ESULTS: In endometriotic cells, the adenovirus-RGD (Ad-RGD-luc),
See related article, page 156
Ad-SLPI-luc), and adenovirus under heparanase promoter (Ad-
eparanase-luc) showed significantly higher activity, compared with

he adenovirus serotype 5. In liver tissues, adenovirus-survivin (Ad-
urvivin-luc) and Ad-heparanase-luc had significantly lower activity,
ompared with adenovirus serotype 5.

ONCLUSION: Ad-heparanase-luc showed “endometriosis on, liver
ff” phenotype and is a promising vector for endometriosis gene

herapy.

ey words: adenovirus, endometriosis, gene therapy, targeting

denovirus under secretory leukocyte protease inhibitor promoter strategy

ite this article as: Othman ER, Zhu ZB, Curiel DT, et al. Toward gene therapy of endometriosis: transductional and transcriptional targeting of adenoviral vectors
o endometriosis cells. Am J Obstet Gynecol 2008;199:117.e1-117.e6.

ndometriosis is a chronic and recur-
rent disease that is characterized by

he presence of functional endometrial
issues (glands and stroma) outside the
terine cavity. It is estimated to affect
%-10 % of women in their reproductive
ears. Endometriosis-associated pain
nd infertility, in addition to cost and

side effects of therapy, represent a sub-
stantial psychologic and economic bur-
den on the affected women.1

The use of endometriosis medical
therapy is limited to no � 6 months, be-
cause long-term treatment is associated
with serious hypoestrogenic side effects
such as bone mineral density loss. In ad-

dition, medical therapy is not beneficial
in treating endometriosis-associated in-
fertility, and symptoms often recur after
the discontinuation of medical therapy
or conservative surgery. Clearly, we are
still in need of new treatment modalities
for endometriosis that work at a molec-
ular level, rather than just the suppres-
sion of systemic ovarian estrogen
production.2

Gene therapy is an emerging form of
molecular medicine that has expanded
in scope from malignant to benign dis-
eases.3 Gene therapy involves the intro-
duction of genetic material to the cell,
whose subsequent products will address
the therapeutic outcome. Endometriosis
has been involved in gene therapy appli-
cations; Dabrosin et al4 eradicated endo-
metriotic lesions in a murine model by
inhibiting endometriosis-associated an-
giogenesis through the transient overex-
pression of angiostatin gene delivered to
the peritoneal cavity of mice with the use
of the adenoviral vector. Recently, we
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ransfer the dominant negative estrogen
eceptor gene into human endometriosis
ells in vitro. This resulted in the arrest of
ellular proliferation, the inhibition of
ytokine production, and the induction
f apoptosis in these cells as a result of
heir deprivation of estrogen signaling.5

The development of effective and safe
ene transfer vectors is integral to the
uccess of gene therapy. Recombinant
denoviruses are promising gene
herapy vectors because of their ease of
ropagation in the laboratory, limited
athogenicity in humans, and low mu-
agenesis potential. Moreover, adenovi-
uses can transfer genetic materials effec-
ively in a wide spectrum of dividing and
ondividing cells. This promiscuous tro-
ism, however, represents a limitation
ecause it leads to nonspecific gene
ransfer with sequestration of the virus
nd transgene into undesired tissues.
onsequently, the fraction of the virus

hat is available for the intended tissue
ay be too limited to achieve a therapeu-

ic effect. Additionally, toxicity to other
rgans may be increased.6

To achieve the desired effects of gene
herapy, adenoviral vectors should be
argeted as pathologic tissue-specific and
ormal tissue sparing. Targeting strate-
ies include transductional targeting,
hich depends on specific gene transfer
y the vector to the target cells only. This

s done through genetic modification of
he adenovirus capsid proteins (fiber) to
eroute its entry through receptors that
re expressed specifically on pathologic
issues. Transcriptional targeting allows
or nonspecific gene transfer to a large
umber of cells, but the transgene is ex-
ressed only in the targeted tissues by
riving its expression through a tissue-
pecific promoter that is active only in
athologic tissue and exhibits minimal
ctivity in normal tissues.7

In this study, we screened a panel of
ber-modified adenoviruses (transduc-

ionally targeted viruses) and adenovi-
uses in which transgene expression was
riven by tissue-specific promoters
transcriptionally targeted viruses) to
dentify which would sustain a higher
ene transfer and expression in human

ndometriosis cells and would have T

17.e2 American Journal of Obstetrics & Gynecolo
ower activity in normal organs and
issues.

ATERIALS AND METHODS
uman endometriosis cells
uman endometriotic cells were a gift

rom Drs Serdar Bulun and Erkut Attar
Northwestern University, Chicago, Ill).
hese are primary cells (passage 3-4) that
ere established from ovarian endometri-
ma lesions, as described previously.8 Cells
ere maintained at 37°C in 5% CO2/air in
ulbecco’s modified Eagle’s medium with

0% fetal bovine serum (FBS).

uman liver tissue slices
uman liver samples were obtained

rom seronegative donor livers before
ransplantation into recipients (Depart-

ent of Surgery, University of Alabama
t Birmingham, AL). All liver samples
ere flushed with University of Wiscon-

in solution (ViaSpan; Barr Laborato-
ies, Inc, Pomona, NY) until sliced, as
escribed previously.9 Briefly, tissue
ores of 8 mm were drilled and subse-
uently sliced with a Krumdieck slicer
Alabama R&D, Munfort, AL), with a
lice diameter of 4 mm and thickness of
50 �m. The cell number was estimated
t 1 � 106 cells/slice, based on an ap-
roximate 10-cell slice thickness.10 Slices
ere washed and preincubated at 37°C

or 1 hour in Williams’ medium E sup-
lemented with D-glucose (25 mmol/L)
nd gentamycin (50 �g/mL), saturated
ith 95% O2/5% CO2 before experi-
ents were started.
All human cells and tissues were col-

ected under a protocol that was ap-
roved by the Institutional Review
oards of the University of Texas Medi-
al Branch, Galveston, Texas, and the
niversity of Alabama at Birmingham,
irmingham, Alabama.

denoviruses
even recombinant adenoviruses were
ested in both endometriosis cells and liver
issues. The names and description of the
ested viruses are shown in the Table. All
denoviruses were replication-defective
iruses with a luciferase reporter gene in
he E1 region under the transcriptional
ontrol of the corresponding promoters.

he transductional activity and gene trans- w

gy AUGUST 2008
er efficiency of each virus were reflected by
ts luciferase transactivation level. All vi-
uses were propagated for a large-scale
roduction in 239 cells and purified by
ouble cesium chloride (CsCl) density
entrifugation, as we have described
reviously.11

denovirus transfections
ndometriotic cells were grown in 12-
ell plates to a density of 50,000 cells per
ell and fed regular medium for 24
ours. Cells were then incubated with
he corresponding adenovirus, at 2 dif-
erent multiplicities of infection (MOI)
f 10 and 50 plaque-forming units
PFU)/cell, in a special transfection me-
ium that contained 2% fetal bovine se-
um with continuous gentle shaking for

hours. Cells were then rinsed with
hosphate buffered saline; fresh medium
as added, and cells were incubated at
7°C and 5% CO2.
Liver tissue slices were placed into

-well plates (1 slice per well). All viral
nfections were performed in low serum
ransfection medium for 5 hours at a vi-
al concentration of 500 vps/cell. Trans-
ection medium was then replaced with
egular medium, and tissue slices were
ncubated for up to 48 hours on a rocker
et at 60 rpm to agitate slices to ensure
dequate oxygenation and viability.

easurement of luciferase
ransactivation
orty-eight hours after transfection, en-
ometriotic cells in each well were lysed
ith 150 �L/well of lysis buffer (Re-
orter Lysis Buffer; Promega, Madison,
I) for 15 minutes. The wells were then

craped gently to collect the cell lysate.
wenty microliters of cell lysate from
ach well were mixed with 100 �L of lu-
iferase assay reagent (Promega) and
easured for luciforase activity with a

erthold Lumat LB 9501 (Wildbad, Ger-
any). Luciferase transactivation was

ormalized to total protein content of
he cells.

The infected human liver tissue slices
ere placed in cell culture lysis buffer

Promega) and homogenized with an ul-
rasonicator (model 100; Fisher Scien-
ific, Pittsburgh, PA) at a setting of 15

atts for 10 seconds. Tissue homoge-
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ates were centrifuged to pellet the de-
ris, and then the luciferase activities
ere measured with the Promega Lucif-

rase Assay System and normalized to
rotein concentration in the tissue
omogenates.

tatistical analysis
elative luciferase transactivation for
ach modified adenovirus was expressed
s a percentage of luciferase transactiva-
ion that was mediated by adenovirus se-
otype 5 under cytomegalovirus (CMV)
romoter (Ad5-CMV-luc) in the partic-
lar tissue system. The 2-tailed Student t

est was used for comparison among dif-
erent adenoviruses. Significance was
eached with a probability value of �.05.

ESULTS
ndometriosis cells
the target tissue)
ransductionally targeted adenovi-

uses. We compared the transductional

TABLE 1
Targeted adenoviruses
Targeting strategy Virus name

Wild type (nontargeted) Adenovirus ser

...................................................................................................................

Transductionally
targeted (fiber-
modified viruses)

Adenovirus-RGD

...................................................................................................................

Adenovirus sigm

...................................................................................................................

Adenovirus 5/3

...................................................................................................................

Transcriptionally
targeted (viruses with
tissue-specific
promoters)

Adenovirus-sur

...................................................................................................................

Adenovirus-sec
leukocyte prote
inhibitor

...................................................................................................................

Adenovirus-
heparanase

...................................................................................................................

Ad, adenovirus; CMV, cytomegalovirus; luc, luciferase; RGD,

Othman. Toward gene therapy of endometriosis. Am J Ob
ctivity of 3 fiber-modified adenoviruses n
Ad5-RGD-luc, Ad-sigma-luc, and Ad5/
-luc) with the wild-type adenovirus
Ad5-CMV-luc) in endometriosis cells
t MOI of 10 PFU/cell. As seen in Figure
, Ad5-RGD-luc significantly en-
anced endometriotic cell transduc-
ion with a reporter gene expression
.5-fold higher, compared with Ad5-
MV-luc (P � .001). The same trend
as seen at MOI of 50 PFU/cell (data
ot shown).

Transcriptionally targeted adenovi-
uses. We also compared the transcrip-
ional activity that was mediated by 3
denoviruses with tissue-specific pro-
oters (Ad-survivin-luc, Ad-secretory

eukocyte protease inhibitor[SLPI]-luc,
nd Ad-heparanase-luc) to Ad5-CMV-
uc (the wild-type adenovirus under the
biquitously activated cytomegalovirus
romoter) at MOI of 10 PFU/cell in en-
ometriosis cells. As observed in Figure
, the Ad-SLPI-luc– and Ad-hepara-

Abbreviation Descriptio

e 5 Ad5-CMV-luc Encodes Ad
promoter d
transgene e

.........................................................................................................................

Ad5-RGD-luc Integrin-bin
glycine-asp
adenovirus
tropism to

.........................................................................................................................

Ad-sigma-luc Encode the
sigma-1 pr
attachment
expressing
adhesion m

.........................................................................................................................

Ad5/3-luc Ad5 fiber k
that of Ad3
putative Ad
CD46

.........................................................................................................................

Ad-survivin-luc Transgene
survivin pro

.........................................................................................................................

ry Ad-SLPI-luc Transgene
promoter

.........................................................................................................................

Ad-heparanase luc Transgene
heparanase

.........................................................................................................................

grin-binding peptide; SLPI, secretory leukocyte protease inhibito

Gynecol 2008.
ase-luc–mediated luciferase activa-

AUGUST 2008 Americ
FIGURE 1
Targeted adenoviruses

uciferase transactivation mediated by transduc-
ionally targeted adenoviruses at an MOI of 10
FU/cell in endometriosis cells, expressed as a
ercent of Ad5-CMV-luc activity.
thman. Toward gene therapy of endometriosis. Am J
bstet Gynecol 2008.
n Reference

otyp -5 fiber with cytomegalovirus
riving luciferase (luc)
xpression

21

......... ...........................................................................................................................

ding peptide (arginine-
artate) is attached to the
fiber HI loop to expand

integrin expressing cells

15

......... ...........................................................................................................................

a wild type Ad5 fibers and the
otein, which is a reovirus
protein that can infect cells
sialic acid or junction
olecule-1

22

......... ...........................................................................................................................

nob has been replaced by
to redirect binding to the
3 receptors CD80, CD86, or

23

......... ...........................................................................................................................

vivin expression is derived by
moter

24

......... ...........................................................................................................................

reto
ase

expression is derived by SLPI 18

......... ...........................................................................................................................

expression is derived by
promoter

17

......... ...........................................................................................................................

inte r.
an Journal of Obstetrics & Gynecology 117.e3
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ion was 2.5- and 3-fold higher, com-
ared with Ad5-CMV-luc (P � .008
nd .012, respectively). A similar trend
as seen at MOI of 50 PFU/cell (data
ot shown).

Modified adenoviruses at 10 PFU/
ell vs Ad5-CMV-luc at MOI of 50 PFU/
ell. As we have previously shown, with
d5 expressing beta galactosidase as a
arker gene, near optimal transduction

f endometriosis cells (� 80% of the
ells) was achieved at MOI of 50 PFU/
ell.12 Here, we wanted to compare
ransductionally and transcriptionally
argeted adenoviruses at a low MOI (10
FU/cell) to Ad5-CMV-luc at an MOI

hat is known to achieve the best trans-
uction of endometriosis cells (50 PFU/
ell). As shown in Figure 3, Ad5-RGD-
uc, Ad-SLPI-luc, and Ad-heparanase-
uc at an MOI of 10 PFU/cell mediated a
ignificantly higher reporter gene ex-
ression than did Ad5-CMV-luc at an
OI of 50 PFU/cell (P � .001, � .03, and
.04, respectively; Figure 3).

iver tissues
the nontarget tissues)
ne of the major limitations of systemi-

ally administered adenovirus vectors
or gene therapy is the uptake of a major
art of the virus by the liver tissues. To

FIGURE 2
Transductionally targeted
adenoviruses in endometriosis

uciferase transactivation mediated by transcrip-
ionally targeted adenoviruses at an MOI of 10
FU/cell in endometriosis cells, expressed as a
ercent of Ad5-CMV-luc activity.
thman. Toward gene therapy of endometriosis. Am J
bstet Gynecol 2008.
vercome this problem and limit hepa- H

17.e4 American Journal of Obstetrics & Gynecolo
otoxicity that is associated with adeno-
irus administration, the modified vi-
uses should exhibit minimal gene
ransfer and expression activity in the
iver. We tested the gene transfer and ex-
ression levels that were mediated by the
odified adenoviruses in the liver tis-

ues. Only Ad-survivin-luc and Ad-
eparanase-luc mediated significantly

ower luciferase transactivation in liver
issues, compared with Ad5-CMV-luc (P

.004 and .01, respectively; Figure 4).

OMMENT
denoviral infection is initiated by the

ecognition of the primary cell surface
eceptor, the coxsackie-adenovirus re-
eptor (CAR), by the C-terminal part of
n adenovirus fiber protein termed knob.
AR dependency of the adenovirus rep-

esents a problem in gene therapy, be-
ause this receptor is distributed widely
ver many cells and tissues in the body.13

his means that nontargeted CAR-ex-
ressing tissues will also be transfected
y the administered adenovirus. This is
rue with regard to the liver, in particu-
ar, which sequesters most of the sys-
emically administered adenovirus
articles.7

To maximize therapeutic effects and
inimize toxicity of endometriosis gene

herapy, specific adenoviral targeting
trategies must be implemented. Trans-
uctional targeting uses genetically engi-
eered adenoviral particles with specific
odifications in the adenovirus fiber,

ncluding attachment of targeting
eptides, serotype knob switching, or fi-
er replacement. These modifications
hould reroute the adenovirus cell entry
hrough CAR-independent pathways.14

n this study, we tested 3 transduction-
lly targeted adenoviruses in the context
f endometriosis gene therapy: Ad5/3-

uc, Ad-5RGD-luc, and Ad-sigma-luc.
e showed that Ad5-RGD-luc–medi-

ted reporter gene activity in endometri-
sis cells is significantly higher than un-
odified (wild type) Ad5-CMV-luc at

0 and 50 PFU/cell.
Ad5-RGD-luc is an expanded tropism

denovirus that contains a targeting pep-
ide (Arg-Gly-Asp) that is attached to the

I loop of its fiber to redirect its entry T

gy AUGUST 2008
hrough integrin receptors rather than the
biquitously expressed CAR. Previous re-
orts have shown significantly increased
ransductional efficiency mediated by this
irus, compared with unmodified Ad5 in
ntegrin-expressing ovarian cancers and
quamous cell carcinomas of the head and
eck.15 Endometriosis tissues were found

o express various types of integrins that
ere implicated in the adhesion of endo-
etriotic cells to the peritoneal surfaces.16

his conceivably explains our finding of
nhanced transductional efficiency that is
ediated by this integrin-targeting virus in

ndometriosis cells, compared with wild-
ype Ad5-CMV-luc.

An additional level of targeting speci-
city can be gained by restricting the

ransgene expression to the target tissue.

FIGURE 3
Transcriptionally endometriosis
at a small viral dose

uciferase transactivation mediated by A, transduc-
ionally and B, transcriptionally targeted adenovi-
uses in endometriosis cells at an MOI of 10
FU/cell vs Ad5-CMV-luc at an MOI of 50 PFU/
ell (optimal dose).
thman. Toward gene therapy of endometriosis. Am J
bstet Gynecol 2008.
his strategy of transcriptional targeting
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s based on the use of promoters that dis-
lay preferential activity in pathologic
issues. An ideal tissue-specific promoter
or transcriptional targeting exhibits a
elective “pathologic tissue on” pheno-
ype. To mitigate hepatotoxicity, candi-
ate promoters additionally should ex-
ibit a “liver off” phenotype.17 We
valuated 3 tissue-specific promoters for
heir activity in endometriosis cells: sur-
ivin, SLPI, and heparanase promoters.
ccording to our results, Ad-SLPI-luc
nd Ad-heparanase-luc showed signifi-
antly higher reporter gene activity than
id Ad5-CMV-luc in endometriosis cells
t MOIs of 10 and 50 PFU/cell.

SLPI was identified as a potent inhibi-
or of leukocyte serine proteases and
lays a role in the protection of mucosal
urfaces against injury that is associated
ith inflammation. The SLPI gene pro-
oter retains its fidelity in the adenoviral

ectors and was used as a tissue-specific
romoter in ovarian cancer because it is
ctivated in ovarian cancer cell lines and
n primary cells, although it has low ex-
ression levels in normal organs, such as
he liver.18 In endometriosis, SLPI mes-
enger RNA was detected in ovarian en-
ometrioma, peritoneal endometriosis,
nd deep rectovaginal endometriosis,

FIGURE 4
Targeted adenoviruses
in the liver

uciferase transactivation mediated by modified
denoviruses in human liver tissue slices, ex-
ressed as percent of Ad5-CMV-luc activity.
thman. Toward gene therapy of endometriosis. Am J
bstet Gynecol 2008.
ut not in normal ovarian tissue or eu- p
opic endometrium from control
omen.19 Other studies have shown that
LPI concentration in the peritoneal
uid of patients with endometriosis was
ignificantly higher than that of control
ubjects. The SLPI to elastase, a proteo-
ytic enzyme that is involved in endome-
riosis pathogenesis, is higher in women
ith endometriosis. This difference may
e perceived as a result of either in-
reased macrophage numbers in the
eritoneal environment of patients with
ndometriosis or the selective expression
f protease inhibitors in response to en-
ometriosis-associated inflammation.20

hese data suggested that the SLPI pro-
oter is active in endometriosis tissue

nd can work as a tissue-specific pro-
oter for targeted endometriosis gene

herapy. Our results support this con-
ept where Ad-SLPI-luc significantly in-
reased transgene expression levels over
d-5-luc in endometriosis cells at both
0 and 50 PFU/cell.
Heparanase is a heparan sulfate–spe-

ific glucuronidase that plays an im-
ortant role in tumor cell metastasis
ecause of its capability of cleaving
eparan sulfate and degrading extra-
ellular matrix. Heparanase has been
mplicated in many important physio-
ogic and pathologic processes that in-
lude tumor cell metastasis, angiogen-
sis, and leukocyte migration.
eparanase promoter is an attractive

andidate for a tissue-specific pro-
oter. It retains its fidelity in an ade-

ovirus context and has been used as a
issue-specific promoter that drives
ene expression with high activity in
reast cancer cells but shows low activ-

ty in normal breast cells and in the
urine liver.17 Endometriosis has

ome characteristics that are similar to
alignant tumors, such as the ability

o invade and spread. Cells can obtain
his characteristic by decomposing
xtracellular matrix through the pro-
uction of enzymes, such as matrix
etalloproteinases and heparanase.
oreover, heparanase, through cleav-

ng extracellular matrix proteins, can
elease heparan sulfate– bound cyto-
ines and growth factors (such as basic
broblast growth factor), which allow

roliferation and angiogenesis of en- i

AUGUST 2008 Americ
ometriosis cells. Endometriosis tis-
ues were found to express heparanase
t messenger RNA and protein levels
nd the expression level correlated
ith the clinical stage of endometrio-

is. Also, the expression level of
eparanase, both the transcript and
rotein, was found to be significantly
igher in ectopic endometrium and
utopic endometrium of patients with
ndometriosis than eutopic control
ndometrium. Furthermore, immu-
ohistochemical analysis showed pos-

tive heparanase immunostaining in
pithelial and stromal cells of ectopic
ndometrium and eutopic endome-
rium of patients with endometriosis,
hereas only epithelial cells stained
ositively for heparanase in control en-
ometrium.21 The higher level and dif-

erent pattern of expression of hepara-
ase in endometriosis tissue than
ormal endometrium might represent
dysregulation of its gene induced by

he action of proinflammatory cyto-
ines and prostaglandins in the perito-
eal environment of patients with en-
ometriosis. Based on these data, we
ested the heparanase promoter as a
otential tissue-specific promoter in
ndometriosis cells. Reporter gene ex-
ression levels mediated by Ad-
eparanase-luc in endometriosis cells
ere significantly higher than unmod-

fied Ad5- CMV-luc.
Because endometriosis is confined

ypically within the peritoneal cavity, in a
ypical clinical scenario, one can envi-
ion freely administering the adenovirus
ector into the peritoneal cavity as an ul-
rasound-guided office procedure or as
n augmentation step during laparos-
opy. This would allow more direct de-
ivery of gene therapy vector to endome-
riosis tissues. Conversely, other
nintended intraabdominal organs may
lso be exposed to the adenovirus and its
arried transgene, which may lead to in-
reased toxicity to these organs. Of par-
icular concern is the liver, which is al-
eady known for its high transfectability
o the adenovirus. We tested the gene
ransfer and expression levels of the
ransductionally and transcriptionally
argeted adenoviruses in liver tissues us-

ng the liver tissue slice model. We found
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hat only Ad-survivin-luc and Ad-
eparanase-luc have significantly lower
ctivity in liver tissue, compared with
d5-CMV-luc.
We used the liver as representative of

ormal nontargeted organs because it
s known to sequester most of the ad-

inistered adenovirus into the hepa-
ocytes and the Kupffer cells.6 Other
rgans that might be involved during

ntraperitoneal instillation of the virus
nclude the spleen, kidneys, intestine,
nd bladder. A logical future step
ould be to study these targeted vi-

uses in an animal model of endome-
riosis to detect the ones that can
chieve best gene transfer into endo-
etriosis tissues. It would be possible

hen to study the effect on different
ypes of endometriosis (eg, ovarian,
eritoneal) and to collect the liver in
ddition to other organs to detect po-
ential adenovirus-related toxicity in
hese organ systems. This in vivo work
ould be an essential step towards the
ltimate goal of applying this technol-
gy in a clinical trial on humans.
Selective targeting of the adenovirus

ectors provides a number of advan-
ages. First, cell type-specific targeting
ill result in transgene expression only

n the cell type of choice (endometrio-
is cells), which prevents toxicity to
ther organs (eg, the ovaries or liver).
econd, the inflammatory and im-
une responses against the vector are

educed. This is thought to arise from
he uptake of the virus and transgene
nto antigen-presenting cells and from
he virus binding to native receptors,
romoting the stimulation of cytokine
ecretion. Third, the dose of the virus
sed can be reduced potentially, be-
ause transfection specificity is in-
reased by targeting.22 This would re-
uce toxicity and immunologic
eaction against the viral vector even
urther. The dose reduction with tar-
eted viruses has been shown in our
tudy; Ad5-RGD-luc, Ad-SLPI-luc,
nd Ad-heparanase-luc mediated sig-

ificantly higher reporter gene expres- a

17.e6 American Journal of Obstetrics & Gynecolo
ion in endometriosis cells at an MOI
f 10 PFU/cell, compared with untar-
eted wild-type Ad5-CMV-luc at
OIs of 50 PFU/cell (Figure 3).
In conclusion, Ad5-RGD-luc, Ad-SLPI-

uc, and Ad-heparanase-luc showed high
ctivity in endometriosis cells. Among
hose candidate viruses, only Ad-
eparanase-luc showed relatively

ower activity in the liver tissues. Thus,
d-heparanase-luc exhibits an “endo-
etriosis on, liver off” phenotype;

onsequently, this modified adenovi-
us represents a promising vector for
ndometriosis gene therapy in the
uture. f
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