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Adenovirus-mediated overexpression
of human tissue plasminogen activator
prevents peritoneal adhesion
formation/reformation in rats
Hussein M. Atta, PhD,a Ayman Al-Hendy, PhD,b Mahmoud A. El-Rehany, PhD,c

Mieke Dewerchin, PhD,d Salama R. Abdel Raheim, PhD,c Hend Abdel Ghany, PhD,c

and Rasha Fouad, MS,c El-Minia, Egypt, Houston, TX, and Leuven, Belgium

Background. Tissue-plasminogen activator (tPA) demonstrated beneficial effects on peritoneal adhesion
formation; however, its short half-life limits its continual fibrinolytic effect. Therefore, we delivered
adenovirus encoding tPA to prevent adhesions.
Methods. Rats were subjected to peritoneal injury and assigned to two protocols. In de novo adhesion
protocol, adenovirus encoding human tPA gene (Ad-htPA) was instilled after peritoneal injury in
group1 (n = 22), whereas group 2 received phosphate-buffered saline (PBS) (n = 24). In recurrent
adhesion protocol, group 1 (n = 15) received the same Ad-htPA dose after adhesiolysis and group 2
(n = 13) received PBS. Adhesion severity was scored 1 week after ad-htPA instillation. Adhesions were
analyzed for htPA mRNA by reverse transcription-polymerase chain reaction and levels of htPA, and
fibrinolytic inhibitors PAI-1, TIMP-1, and TGF-b1 were measured using enzyme-linked immunosorbent
assay.
Results. htPA mRNA and protein were only expressed in adhesions from treated groups. A reduction in
adhesion scores (P < .01) and in fibrinolytic inhibitors (P < .001) occurred in the treatment groups.
Also, negative correlation was found (r = �.69, P < .01) between adhesion scores and htPA protein, but
a positive correlation was found (r = .90, P < .01) between adhesion score and fibrinolytic inhibitors. No
bleeding or wound complications were encountered.
Conclusion. Administration of adenovector encoding htPA is safe and decreased de novo and recurrent
peritoneal adhesions. (Surgery 2009;146:12-7.)
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POSTOPERATIVE PERITONEAL ADHESIONS are major
source of morbidity, being the most common cause
of intestinal obstruction, secondary female infertil-
ity, ectopic gestation, and chronic abdominal and
pelvic pain.1 Management of these complications
results in tremendous cost to the health care sys-
tem.2 It was reported that the cost of adhesiolysis
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only was $1.18 billion in 1988 and $1.33 billion
in 1994 in the United States.3,4

In an attempt to prevent adhesion formation,
many different peritoneal instillates and physical
barriers have been used.5,6 Although barriers
showed some success, this experience is not univer-
sally confirmed.7 Moreover, the use of barriers has
been associated with increased abscess and inci-
sional wound complications.8 Furthermore, the
surgeon must predict potential sites of adhesion
formation in order to determine placement site
and to optimize barrier function. One of the instil-
lates that demonstrated consistent success is the
fibrinolytic agent, tPA.9,10 Many experimental stud-
ies have reported reduction in adhesion formation
and reformation using intraperitoneal recombi-
nant human tPA (htPA) in a variety of delivery
methods and preparations, without impairing the
healing of bowel anastomosis and without reduc-
tion in wound strength or causing hemorrhagic
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complications.11,12 Because the action of tPA is
localized to fibrin deposits, fibrinolytic activity is
limited to this site, which prevents indiscriminate
fibrinolysis.13 tPA has, however, a short half-life
(3--6 min in plasma) and is cleared rapidly from
the peritoneum by specific endocytosis. Thus, the
limiting problem of tPA therapy is maintaining its
fibrinolytic effect within the peritoneal cavity for
a sufficient duration of time to prevent adhesions
formation.10,14 For this reason, recent studies
attempted to deliver tPA by a continuous infusion
pump,15 intermittent intraperitoneal injection,16

or slow-release gel. We hypothesized that the use
of adenovirus tPA gene therapy to augment the
production of tPA would circumvent this limita-
tion. Therefore, the present investigation exam-
ined the effect of locally applied adenovirus
encoding htPA gene in increasing the fibrinolytic
activity and in preventing adhesion formation
and reformation in a rat peritoneal adhesion
model.

MATERIALS AND METHODS

Experimental design. Adult male Wistar rats
were used and had free access to water and food
ad libitum. The E1-deleted replication-deficient
recombinant adenoviral vector expressing human
tPA gene (Ad-htPA) under the transcriptional
control of the cytomegalovirus (CMV) immediate-
early promoter/enhancer was constructed as
described.17 Two protocols were evaluated. In pro-
tocol I, de novo adhesions, after peritoneal injury,
Ad-htPA, at a dose of 5 3 107 pfu was instilled in
the peritoneal cavity in group 1 (n = 22) while
group 2 (n = 24) received phosphate-buffered sa-
line (PBS) and served as control. The dose deter-
mination was guided by our previous studies to
maximize adenovirus transfection of target
tissue.18 In protocol II, recurrent adhesions, rats
underwent lysis of adhesions 1 week after perito-
neal injury; then they were randomized into 2
groups. Group 1 (n = 15) received Ad-htPA intra-
peritoneally at the same dose as in protocol I,
and group 2 (n = 13) received PBS. All animals
were sacrificed 1 week after installation of the vec-
tor, and adhesions were scored according to type
(Table I).16 The incidence and severity of adhe-
sions in each group were calculated as the number
of animals with adhesions to the total number of
animals and the number of severe adhesions
(grade 2 and 3) to the total number of animals,
respectively.

Surgical procedure. Anesthesia was induced by
intramuscular injection of ketamine HCl (50 mg/
kg) and xylazine (10 mg/kg). In protocol I, de
novo adhesion model, after skin preparation and
lower midline incision, the cecum was exteriorized
and 1-cm2 visceral peritoneum was abraded using
sterile gauze until punctate bleeding is observed.7

A punch biopsy was used to excise a portion of
the peritoneum and underlying muscles from the
right lateral abdominal sidewall.19 In protocol II,
recurrent adhesion model, 1 week after adhesion
formation injury, the animals were anesthetized,
underwent a second laparotomy, and the adhe-
sions were lysed.

Peritoneal tissue collection and preparation of
peritoneal homogenate. Blocks of adhesion tissues
(1 cm2) were snap-frozen in liquid nitrogen and
then stored at �70�C.20 Tissues were homogenized
in 500 uL of PBS containing 1% Triton X-100 (di-
luted), 0.1% sodium dodecylsulfate, 0.5% sodium
deoxicholate, 0.2% sodium azide, and protease in-
hibitor mixture (Amersham Biosciences, Piscat-
away, NJ). Homogenization was carried out for
1 min at 4�C. The homogenate was centrifuged
at 4�C for 3 min at 10,000g, and the supernatants
were aliquoted and stored at �70�C.

Biochemical analysis. Peritoneal homogenates
were used for the determination of total protein
according to the method of Lowry et al.21 Enzyme-
linked immunosorbent assay (ELISA) kits were
used to measure the concentration of htPA anti-
gen, rat PAI-1 antigen and activity (Zymutest; Hy-
phen BioMed, Neuville-Sur-Oise, France), rat
TIMP-1, rat TGF-b1 (R&D Systems, Inc., Minneap-
olis, MN), and rat fibrinogen (AssayPro, St.
Charles, MO). Blood was collected without stasis
in acidified citrate tubes to preserve tPA activity
and was immediately put on ice and centrifuged
(4�C at 10,000g). The supernatant was stored at
�70�C and was used to measure tPA using human
tPA ELISA kit (Zymutest; Hyphen BioMed, Neu-
ville-Sur-Oise, France).20

Reverse transcription polymerase chain reaction
(RT-PCR) analysis of htPA mRNA. Extraction of
mRNA from tissue homogenates was performed

Table I. Adhesion grade

Grade 0 No adhesions
Grade 1 Avascular; easily

lysed and failing
to bleed

Grade 2 Vascular; easily
lysed but bleeds
at time of lysis

Grade 3 Thick; requires
extensive sharp surgical dissection
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using the illustra QuickPrep Micro mRNA Purifi-
cation kit (GE Healthcare UK Limited, Bucking-
hamshire, UK). RT-PCR was performed using
illustra Ready-to-Go RT-PCR Beads (GE Healthcare
UK Limited, Buckinghamshire, UK). PCR reaction
was performed in a Progene thermal cycler
(Techne LTD, Duxford, UK) using tPA and b-actin
primers as described previously.22

Statistical analysis. The results are expressed as
mean ± standard error of mean (SEM). Statistical
analysis was performed with the software Statistical
Package for Social Sciences, SPSS 13.0 for Win-
dows (SPSS Inc., Chicago, IL). A P value of less
than .05 was considered statistically significant.

RESULTS

Expression of htPA gene in adhesion tissues and
in plasma. In both protocols, expression of htPA
mRNA was detected in all adhesion tissues ob-
tained from animals treated with adenovirus but
none in adhesions obtained from the control
groups (Fig 1). htPA protein was detected in adhe-
sions from the treatment groups of protocols I and
II (2.9 ± 0.3 ng/mg and 1.4 ± 0.4 ng/mg, respec-
tively) but not in the control groups (Tables II
and III, Fig 2). The mean concentration of htPA
protein in de novo adhesions was 2-fold greater
than that of recurrent adhesions (P < .05; indepen-
dent sample t test). The htPA protein was not de-
tected in plasma using human-specific ELISA kits.

Adhesions scores and complications. A (P < .01,
Mann-Whitney U test) decrease occurred in sever-
ity of de novo adhesions (from 71% to 23%) and
recurrent adhesions (from 77% to 27%). The inci-
dence of adhesions decreased (P < .01, Mann-Whit-
ney U test) in de novo adhesions but not in
recurrent adhesions (Tables II and III). No bleed-
ing complications or abdominal wound dehiscence
were encountered, and no difference in mortality
was found between groups.

Fig 1. Representative gel showing htPA expression in ad-
hesions from treatment group (lanes 5 and 6) at 300 bp
& no expression in control group (lanes 7 and 8). Lanes
1, 2, 3 and 4 show expression of b-actin of the same an-
imals at 550 bp.
Changes in biochemical regulators of fibrino-
lytic system. In both protocols, significant reduc-
tions occurred in PAI-1 antigen and activity, TIMP-1,
TGF-b1, and fibrinogen in the treatment groups
compared with control groups (P < .001, indepen-
dent sample t test). Also, in both protocols, negative
correlation was found (r = --.58 and r = --.69, respec-
tively; P < .01; Spearman’s rank correlation test)
between adhesion score and the htPA protein
concentrations but a positive correlation (r = .90,
P < .01; Spearman’s rank correlation test) between
adhesion score and PAI-1 antigen and activity,
TIMP-1, TGF-b1, and fibrinogen. Interestingly,
most studied parameters that promote adhesion for-
mation (ie, PAI-1, TIMP-1, TGF-b1, and fibrinogen)
were increased in the control group of recurrent ad-
hesions compared with the control group of de novo
adhesions; but, only PAI-1 antigen and fibrinogen
demonstrated statistically significant (P = .021 and
P = .018, independent sample t test) change.

DISCUSSION

We report herein, to the best of our knowledge,
the first use of tPA gene therapy to prevent adhesion
formation and reformation. In this novel gene
therapy study, we showed that adhesion tissues
successfully expressed htPA mRNA for 1 week after
a standardized peritoneal injury (de novo adhesion
protocol) or adhesiolysis (recurrent adhesion pro-
tocol). Second, we demonstrated the expression of
htPA protein in the adhesion tissues. Third, the
measured fibrinolytic inhibitors were markedly
decreased in animals treated with the therapeutic
viral vector. Fourth, the study showed significant
decrease in severity of de novo and recurrent adhe-
sions. Finally, no bleeding complications or abdom-
inal wound dehiscence were encountered.

In both protocols, instillation of adenovirus
encoding htPA gene in the peritoneal cavity resulted
in significant reduction in severity of adhesion
formation (from 71% to 23%) and reformation
(from 77% to 27%). The incidence of adhesions,
however, decreased significantly in de novo adhe-
sions but not in recurrent adhesions. Also, in both
protocols, significant negative correlation was
found between adhesion score and the htPA protein
concentrations.

Interestingly the concentration of htPA protein
in recurrent adhesion tissues was 50% lower than
that in de novo adhesion tissues. Because this study
was not designed to analyze this finding, we can
only speculate that in the recurrent adhesion
setting, there is augmented response to tissue
injury as manifested by significant increased pro-
duction of both the fibrin substrate fibrinogen and
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Table II. Results of adhesion grades and biochemical analysis of protocol I (de novo adhesion)

Control group Test group P value

Adhesion score
Grade 0 4 (17%) 10 (45%)
Grade 1 3 (13%) 7 (32%)
Grade 2 11 (46%) 3 (14%)
Grade 3 6 (25%) 2 (9%)
Total 24 22

Adhesions, severity 17/24 (71%) 5/22 (23%) <.01*
Adhesions, incidence 20/24 (83%) 12/22 (55%) <.01*
tPA (ng/mg) 0 ± 0 2.9 ± 0.33 <.001y
PAI-1 activity (ng/mg) 1.38 ± 0.16 0.37 ± 0.12 <.001y
PAI-1 antigen (ng/mg) 7.43 ± 0.78 2.37 ± 0.53 <.001y
TGF-b1 (ng/mg) 8.27 ± 0.55 5.58 ± 0.54 <.01y
Fibrinogen (mg/mg) 26.7 ± 2.3 11.4 ± 1.5 <.001y
TIMP-1 (ng/mg) 74.2 ± 7.6 34.8 ± 5.9 <.001y
Mortality 1 3 NS*

*Mann-Whitney U test.
yIndependent sample t test.

Table III. Results of adhesion grades and biochemical analysis of protocol II (recurrent adhesion)

Control group Test group P value

Adhesion score
Grade 0 1 (8%) 1 (7%)
Grade 1 2 (15%) 10 (67%)
Grade 2 0 4 (27%)
Grade 3 10 (77%) 0
Total 13 15

Adhesions, severity 10/13 (77%) 4/15 (27%) <.01*
Adhesions, incidence 12/13 (92%) 14/15 (93%) NS*
tPA (ng/mg) 0.0 1.6 ± 0.41 <.01y
PAI-1 activity (ng/mg) 1.87 ± 0.21 0.67 ± 0.09 <.001y
PAI-1 antigen (ng/mg) 10.43 ± 0.87 5.32 ± 0.52 <.001y
TGF-b1 (ng/mg) 9.75 ± 0.75 6.29 ± 0.49 <.01y
Fibrinogen (mg/mg) 36.8 ± 3.5 20.0 ± 2.5 <.01y
TIMP-1 (ng/mg) 95.7 ± 11.3 38.8 ± 3.9 <.001y
Mortality 2 0 NS*

*Mann-Whitney U test.
yIndependent sample t test.
the fibrinolytic inhibitor PAI-1 in the control
group of recurrent adhesions compared with their
levels in the control group of de novo adhesions.
Another possibility is that the adenovirus may be
sequestered by the already formed noncellular
part of adhesion tissue resulting in decreased
numbers of cells transduced with the virus. The
defect in both possibilities might be corrected with
increasing the dose of adenovirus in the setting of
recurrent adhesions.

The ability of expressed htPA to prevent ad-
hesion formation and reformation is supported
by the demonstrated decrease in fibrinogen and
fibrinolytic inhibitors examined in this study. In
both protocols, significant reductions in PAI-
1 antigen and activity, TIMP-1, TGF-b1, and
fibrinogen occurred in the treatment groups
compared with control groups. Also, significant
positive correlation was found between adhesion
score and PAI-1 antigen and activity, TIMP-1,
TGF-b1, and fibrinogen. These findings are in
line with a large body of literature demonstrating
that adhesion formation results not only from
tPA/PAI imbalance,10,20,22,23 but also involves
MMP/TIMP imbalance24 and increased TGF-b
production.25

This new treatment strategy should be subjected
to further evaluation. The efficacy of ad-tPA on
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adhesion formation/reformation reduction should
be determined at longer intervals after treatment.
Furthermore, assessment of local and systemic
spread of the vector and the effects of such spread
such as decreased wound bursting strength and the
development of incisional hernia or long-term
bleeding complication should be part of future
studies.

In conclusion, this investigation demonstrated
that instillation of adenoviral vector encoding htPA
gene in the peritoneal cavity after de novo or
recurrent peritoneal injury in rats results in signif-
icant reduction in adhesion formation and refor-
mation without increasing the risk of mortality,
bleeding, or wound complications.
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