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Premature delivery occurs in 12% of all births and
accounts for nearly half of long-term morbidity. Cur-
rent therapeutic approaches to preterm delivery are
ineffective and present serious risks to both mother
and fetus. The single most common cause of preterm
birth is infection. Previous in vitro investigations
have shown that endothelin-1 (ET-1) is induced by
inflammatory cytokines and that it increases myome-
trial smooth muscle tone. Furthermore, we have pre-
viously shown that both the endothelin-converting
enzyme-1 (ECE-1) inhibitor, phosphoramidon, as
well as a novel ET-1 receptor A antagonist synthesized
by our group, control premature delivery in a mouse
model of inflammation-associated preterm delivery.
In the current work, we show that levels of both ET-1
and ECE-1 are increased in gestational tissues in E16.5
mice induced to deliver prematurely after lipopoly-
saccharide administration. We also show that prema-
ture delivery is controlled by treatment with the se-
lective endothelin receptor A antagonist BQ-123 in a
dose-dependent manner. Finally, we show here for
the first time that premature delivery can be con-
trolled using RNA silencing, by hydrodynamic trans-
fection of E15 mice with ECE-1 RNAi. Taken together,
these data support a critical role for the ECE-1/ET-1
system in inflammation-associated premature delivery.
The ability to control premature delivery by antagoniz-
ing or silencing the ECE-1/ET-1 system offers a novel
approach to an unmet clinical need. (4m J Pathol 2008,
173:1077-1084; DOI: 10.2353/ajpath.2008.080257)

Premature delivery, defined as delivery occurring before
37 weeks of gestation, occurs in 12% of all births, and
accounts for nearly half of long-term neurological morbid-
ity, and 60 to 80% of perinatal mortality, excluding infants
with congenital anomalies.’ Despite the advances that
have been made in obstetrics and neonatology, the rate
of premature delivery has not decreased throughout the
past 20 to 30 years. In fact, the National Center for Health
Statistics (Centers for Disease Control and Prevention)
has reported a 20% increase (from 10.6 to 12.7%) in the
percentage of premature deliveries during the years
1990 to 2005. Sadly, the existing therapies for prevention
of preterm labor are ineffective and introduce risks to the
mother and fetus.?

Intrauterine infection is often associated with preterm
labor. It has been suggested that at least 40% of all
premature deliveries occur to mothers with intrauterine
infection, and that gestational age is inversely related
to the frequency of intrauterine infections.® Consider-
able evidence suggests that the proinflammatory cyto-
kine-prostaglandin cascade plays a central role in the
pathogenesis of inflammation-associated premature
delivery.*®

The critical function of TLR-4 in the pathogenesis of
inflammation-associated preterm labor has been demon-
strated by at least three groups of investigators.®~2 Bind-
ing of TLR-4 is followed by a host inflammatory response
involving several cytokines. Interleukin-1 and tumor ne-
crosis factor, in particular, have been associated with
infection-triggered preterm labor in humans® " as well
as in other species.’?'® The inflammatory cytokines, in
turn, induce later steps in the parturition cascade, such
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as increased prostaglandin synthesis, decreased pros-
taglandin catabolism, increased expression of contrac-
tion-associated proteins, and increased uterine contrac-
tile activity,’®"” culminating in the production of full-
blown labor and delivery.

Previous in vitro investigations have shown that endo-
thelin-1 (ET-1), an extremely potent vasoconstrictor pep-
tide,'® increases myometrial smooth muscle tone. 2" It
has also been shown that infection and inflammatory
cytokines stimulate ET-1 production®® and that ET-1,
in turn, stimulates an inflammatory cytokine pathway
through activation of the ETg receptor.?®> We hypothe-
sized, therefore, that ET-1 plays a critical role in the
pathogenesis of inflammation-associated premature
delivery.

In previous work, we have shown that treating lipopoly-
saccharide (LPS)-stimulated pregnant mice with the en-
dothelin-converting enzyme-1 (ECE-1) inhibitor phos-
phoramidon decreases the incidence of premature
delivery in a mouse model.?* In addition, we have re-
cently found that treating LPS-stimulated pregnant mice
with 6-alkoxy substituted-3-carboxybenzyl-N-benzyl-qui-
nol-4-ones, designed and synthesized as novel endothe-
lin receptor A antagonists by our group, results in de-
creased incidence of premature delivery.?® In the current
work, we present biochemical, pharmacological, and mo-
lecular evidence that ET-1 has a critical function in an
animal model simulating inflammation-associated prema-
ture delivery.

Materials and Methods

Mouse Models of Premature Delivery

C57BL/6 mice from Taconic Farms (Hudson, NY) were
used for all experiments. Animals were housed in plastic
cages in a temperature-controlled animal facility with al-
ternating 12:12 hour light:dark cycles, with ad libitum ac-
cess to food and water. All experimental protocols used
were approved by the Animal Care and Utilization Com-
mittee of the College of Pharmacy and Allied Health
Professions, St. John’s University, and the research was
conducted according to the requirements of the National
Institutes of Health Guide for the Care and Use of Labo-
ratory Animals (revised 1996). A total of 21 timed preg-
nant mice, weighing 22 to 28 g, were used for the first
series of experiments. Mice were randomly assigned to
three groups: inflammation and labor (group I, n = 8), no
inflammation and no labor (group I, n = 9), labor without
inflammation (group Ill, n = 4). Group | mice received
an intraperitoneal injection of 6.6 mg/kg of LPS (serotype
026:B6; Sigma Chemical Co., St Louis, MO) dissolved in
0.5 ml of phosphate-buffered saline (PBS) at E15.5 and
delivered within 24 hours of the LPS injection. Group Il
mice (reference controls) received intraperitoneal injec-
tions of 0.5 ml of PBS at E15.5. Group Il mice received an
intraperitoneal injection of 6.7 mg/kg prostaglandin F2«
(PGF-2a, Sigma) dissolved in 0.5 ml of PBS every 3
hours, beginning at E16.0, and delivered within 12 hours
of the first injection of PGF-2a.

Tissue Collection and Preparation

Placentas were collected at E16.0 to E16.5, immediately
after delivery, at hysterectomy 24 hours after LPS or PBS
injection, or at hysterectomy 12 hours after the first injec-
tion of PGF-2a. Uteri were collected at E16.5, at hyster-
ectomy, either 24 hours after LPS or PBS injection or 12
hours after the first injection of PGF-2«. Mice were sacri-
ficed by CO, asphyxiation and rapidly hysterectomized.
All tissues were collected rapidly, frozen immediately,
and stored at —80°C.

Western Blotting

Placental and uterine tissues were homogenized in 10 vol
of ice-cold homogenization buffer (20 mmol/L Tris/HCI,
pH 7.5, containing 5 mmol/L MgCl,), using a polytron
homogenizer, for 90 seconds at 4°C. An equal volume of
loading buffer was added to each sample. Samples were
denatured by incubation for 7 minutes at 95°C. Proteins
were separated by 16% Tricine gels (Invitrogen, Carls-
bad, CA) and transferred to polyvinylidene difluoride
membranes (Invitrogen). The membranes were wetted
with TBS-T (Tris-buffered saline with 0.1% Tween-20, pH
7.8) for 10 minutes, and were blocked with Western
blocker solution (Sigma) for 120 minutes. Then, the mem-
branes were hybridized with primary antibodies diluted in
the blocker solution for 120 minutes at room temperature.
Anti-endothelin-converting enzyme-1  (ECE-1) (United
States Biological, Swampscott, MA) was diluted to 0.5 ug/
ml, and anti-B-actin (Sigma) and anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) (Sigma) were both
diluted to 20 pg/ml dilution. The membranes were washed
with TBS-T several times and incubated with secondary
antibody, anti-rabbit 1gG, horseradish peroxidase-linked
whole antibody (GE Healthcare, Buckinghamshire UK), at a
1:2500 dilution in Western blocker solution at 4°C for 120
minutes. The membranes were washed again and treated
with the ECL Plus Western blotting detection system (GE
Healthcare) and chemifluorescence was detected by expo-
sure to phosphor screen (GE Healthcare). Densitometric
quantification of the Western blot signal intensity of the bands
was performed by densitometric analysis program. The den-
sity values of GAPDH or actin were used for normalization. At
least four different mice from each group were included in
these experiments.

Immunohistochemistry

Mouse placental tissue was fixed in formaldehyde and em-
bedded in paraffin. Serial sections (4 um) of the placental
labyrinth were mounted on glass slides. Representative
sections were then deparaffinized, rehydrated, and
washed. Sections were immersed in prewarmed (37°C) 3%
H,O, to quench endogenous peroxidase activity and then
microwaved in antigen retrieval solution (8.2 mmol/L sodium
citrate, 1.8 mmol/L citric acid, pH 5.7, containing 0.01%
Triton X-100). Sections were incubated with 1:200 dilutions
of rabbit anti-ET-1 antisera (Sigma). After 1 hour of incuba-
tion with primary antiserum, the sections were washed and



incubated with biotinylated anti-rabbit Ig secondary anti-
body (DAKO, Carpinteria, CA). Immunostaining was
achieved using an avidin-biotin complex developer kit
(DAKO) and 3,30-diaminobenzidine as substrate.

In Vivo Assay of BQ-123 Effect on Premature
Delivery

A total of 24 timed pregnant mice were randomly assigned
to the following three groups: sham (n = 10), low dose of
BQ-123 (n = 7), and high dose of BQ-123 (n = 7). All mice
were injected intraperitoneally with 9.9 mg/kg of LPS diluted
in 0.5 ml of PBS at E15.5. After 10 hours of LPS injection, 10
mice received a sham intraperitoneal injection of 500 ul of
PBS, seven mice received a low dose (100 ng/200 wl of
PBS) of the selective endothelin type A (ETA) receptor an-
tagonist BQ-123 (Sigma), and seven mice received a high
dose (200 wg/200 wl of PBS) of BQ-123. All animals were
observed for preterm delivery. After 24 hours of LPS injection,
mice were sacrificed to confirm pregnancy and to count the
number of retained fetuses.

RNA Knockdown

The target sequence of ECE-1 siRNA (Dharmacon RNA
Technologies, Lafayette, CO) used was 5'-NNCUUCCA-
CAGCCCCCGGAGU-3'. The sense and anti-sense se-
quences of siRNAs were, respectively, 5'-CUUCCA-
CAGCCCCCGGAGUdTAT-3" and 5’-ACUCCGGGGGC-
UGUGGAAGATAT-3'. Thirteen mice were randomly as-
signed to two groups: control group (n = 7) and RNA
knockdown group (n = 6). All animals received an intraperi-
toneal injection of LPS (9.9 mg/kg) diluted in 0.5 ml of PBS
at E15.5. Mice were anesthetized with Cetacaine topical
anesthetic spray (Cetylite Industries, Inc., Pennsauken, NJ)
through tail skin. Mice in the RNA knockdown group were
rapidly injected in the tail vein with 500 ug of ECE-1 siRNA
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dissolved in 0.5 ml of PBS, using a hydrodynamic transfec-
tion method at scheduled intervals: 30 hours, 12 hours, and
3 hours before LPS injection. Control mice received 0.5 ml
of PBS injected into the tail vein, using the same method
and at the same scheduled times as the RNA knockdown
group. All mice were observed for preterm delivery within 24
hours of LPS injection. Placental tissue was collected either
immediately after delivery or at hysterectomy, 24 hours after
LPS injection. Uteri were collected at hysterectomy 24 hours
after LPS injection. All animals were sacrificed to confirm
pregnancy and count retained pups.

Statistical Analysis

Statistical significance of changes in protein expression
detected by Western blotting analysis was evaluated with
the Student’s t-test. Statistical significance of effects of
BQ-123 and ECE-1 RNAIi on LPS-induced preterm labor
and numbers of pups retained in utero were evaluated
with Fisher’s exact test. Changes in ET-1 expression de-
tected immunohistochemically were evaluated by x°
analysis and Bartholomew’s trend test.

Results

LPS-Induced Premature Delivery Is Associated
with Elevated ECE-1 Expression in the Placenta
and Uterus

We investigated the involvement of the ECE-1/ET-1 path-
way in LPS-induced premature delivery by examining the
expression of ECE-1 in placental and uterine tissues in
the following three groups of mice: group | (n = 8), mice
that received LPS and developed premature delivery;
group Il (n = 9), mice that received PBS and did not
develop premature delivery (control group); and group Il

Figure 1. Expression of ECE-1 in placenta in
group I (mice that received LPS and developed
premature delivery) versus group II (mice that
received PBS and did not develop premature
delivery) and group I mice versus group IIT mice
(mice that received PGF,,, and developed pre-
mature delivery). A: Each lane was loaded with
1.3 ug of placental tissue and samples were
separated by 16% Tricine gel. Immunoblots
were probed with antibodies directed against
ECE-1 and B-actin, as indicated. Lanes 1 and 2,
group [; lanes 3 and 4, group II. B: Levels of
expression were determined by densitometry
after normalization to B-actin. Filled bar, group I;
open bar, group II. Values shown represent the
mean * SEM. **P < 0.001 for ECE-1 expres-
sion between groups I and II. C: Each lane
was loaded with 1.3 ug of placental tissue
and samples were separated by 16%
Tricine gel. Immunoblots were probed
I with antibodies directed against ECE-1

-

- and GAPDH, as indicated. Lanes 1 and 2,
group I; lanes 3 and 4, group III. D:
Levels of expression were determined by

ECE-1

densitometry after normalization to GAPDH.
Filled bar, group I; open bar, group III. Values
ECE-1 shown represent the mean = SEM. *P < 0.05
ECE-1 expression between groups I
and IIL.
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(n = 4), mice that received PGF,_, which is predicted to
act downstream of the ECE-1/ET-1 pathway, and devel-
oped premature delivery. Western blot analyses clearly
showed increased elevation in ECE-1 expression in pla-
centas of group | mice when compared to group Il (P <
0.001) (Figure 1, A and B) and group lll mice (P < 0.05)
(Figure 1, C and D). Western blot analyses also showed
significant elevation in ECE-1 expression in uteri of group
| mice when compared to groups Il (Figure 2, A and B)
and Il (Figure 2, C and D) (P < 0.05).
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Figure 2. ECE-1 in uteri in group I (mice that
received LPS and developed premature deliv-
ery) versus group II (mice that received PBS and
did not develop premature delivery) and group
I versus group III (mice that received PGF,,, and
developed premature delivery). A: Each lane
was loaded with 1.3 ug of uterine tissue and
samples were separated by 16% Tricine gel. Im-
munoblots were probed with antibodies di-
rected against ECE-1 and GAPDH as indicated.
Lanes 1 and 2, group I; lanes 3 and 4, group II.
B: Levels of expression were determined by
densitometry after normalization to GAPDH.
Filled bar, group I; open bar, group II. Values
shown represent the mean = SEM. *P < 0.05 for
ECE-1 expression between groups I and II. C:
Each lane was loaded with 1.3 ug of uterine
tissue and samples were separated by 16%
Tricine gel. Immunoblots were probed with
antibodies  directed against ECE-1 and
GAPDH, as indicated. Lanes 1 and 2, group [;
lanes 3 and 4, group III. D: Levels of expres-
sion were determined by densitometry after
normalization to GAPDH. Filled bar, group I;
open bar, group III. Values shown represent
the mean = SEM. *P < 0.05 for ECE-1 expres-
sion between groups I and III.

ECE-1

LPS-Induced Premature Delivery Is Associated
with Increased ET-1 Immunohistochemical
Staining in the Placenta

Levels of placental ET-1 expression in groups 1, 2, and 3
were examined by performing immunohistochemical stain-
ing on microscopic sections of the placental labyrinth. Im-
munohistochemistry was performed on sections prepared
from four randomly chosen group 1 mice, three randomly
chosen group 2 mice, and four randomly chosen group 3

Figure 3. ET-1 immunohistochemical staining in group 1 (mice that received
LPS and developed premature delivery), group 2 (mice that received PBS and
did not develop premature delivery), and group III (mice that received PGF,,,
and developed premature delivery). Immunohistochemical staining of placen-
tal labyrinth was performed as described in the Materials and Methods. Four
group 1, three group 2, and four group 3 mice were randomly chosen for
immunohistochemical analysis. Grading of immunostaining was performed by
two independent blinded observers, using an algorithm based on number of
cells positive for staining and staining intensity and a four-point grading scale.
Data were analyzed with Bartholomew’s trend test and placental ET-1 immu-
noreactivity was significantly increased in group I as compared to either group
11 or group III ("2 < 0.001). A: Group 1. B: Group 2. C: Group 3. D: Statistical
analysis. Erythrocytes in images indicated by E.
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Table 1. Effect of BQ-123 in the LPS-Induced Preterm Delivery Mouse Model
Number of mice Percent of mice Number of pups Percent of pups
delivering delivering Total number delivered delivered
Group* n preterm preterm of pups preterm preterm
Control 10 9 90 65 29 44.6
Hi BQ-123 7 1t 1431 45 Al 15.67
Lo BQ-123 7 3 42.9 43 13 30.2

*Control group is treated with LPS and PBS; Hi BQ-123 group is treated with LPS and high dose (6.7 mg/k g) of BQ-123; Lo BQ-123 group is

treated with LPS and low dose (3.3 mg/kg) of BQ-123.
TP < 0.01 between control and Hi BQ-123 (Fisher's exact test).

mice. Representative sections of group 1, group 2, and
group 3 placentas subjected to ET-1 immunohistochemical
staining are shown in Figure 3, A-C, respectively. Staining
was graded by two different blinded observers using an
algorithm based on number of cells positive for immunore-
activity and staining intensity. Data were evaluated with
Bartholomew’s trend test and group 1 mice had significantly
more ET-1 immunoreactivity than either group 2 or group 3
mice (P < 0.001) (Figure 3).

ET , Receptor Antagonist BQ-123 Inhibits
LPS-Induced Premature Delivery

To elucidate whether the ECE-1/ET-1 pathway plays a
role in LPS-induced premature delivery, we examined the
effect of BQ-123, an ET, receptor antagonist, on preg-
nant mice induced to deliver prematurely with LPS. In the
control group (n = 10), which contained mice that were
treated with LPS followed by a sham injection of PBS at
t = 10 hours (where t = 0 is time of LPS injection), 9 of 10
(90%) mice delivered within 24 hours of LPS injection. In
the Lo-BQ-123 group (n = 7), which received LPS fol-
lowed by 3.3 mg/kg of BQ-123 at t = 10 hours, three of
seven mice (42.9%) delivered within 24 hours of LPS
injection (P ~ 0.06). In the Hi-BQ-123 group (n = 7),
which received LPS followed by 6.7 mg/kg of BQ-123,
one of seven (14.3%) delivered within 24 hours of LPS
injection (P < 0.005) (Table 1 and Figure 4A). Delivery
occurred without any maternal death in all cases. Addi-
tionally, BQ-123 also decreased the percentage of pre-
maturely delivered pups in a dose-dependent manner. In
the control group, 44.6% of the pups were delivered
prematurely, in comparison to 30.2% (P =~ 0.10) and
15.6% (P < 0.005), respectively, for the Lo- and Hi-BQ-
123 groups (Table 1 and Figure 4B). Thus BQ-123 re-
duced the frequency of preterm delivery and prolonged
the duration of pregnancy in a dose-dependent manner
in this preterm labor mouse model.

Knockdown of ECE-1 Expression by lts siRNA
Inhibits LPS-Induced Premature Delivery

We investigated the involvement of the ECE-1/ET-1 path-
way in inflammation-associated premature delivery by
knocking down expression of ECE-1, the enzyme that
catalyzes the rate-limiting step in the synthesis of ET-1%¢
and the only enzyme that synthesizes ET-1 in vivo. The
elimination of ECE-1 expression by its siRNA was verified

by Western blot. In comparison to the control group,
which received PBS and delivered prematurely, expres-
sion of ECE-1 (MW, 87.2 kDa) was significantly reduced
in the RNAI group, which received siRNA for ECE-1 and
did not develop premature delivery, in both placental
(P < 0.05) (Figure 5, A and B) and uterine (P < 0.01)
(Figure 5, C and D) tissues.

In the control group, which received PBS at 30, 12, and
3 hours before LPS injection, five of seven (71.4%) mice
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Figure 4. Effect of BQ-123 on premature delivery in LPS-treated mice. LPS-
stimulated (9.9 mg/kg, i.p.) mice were treated with an intraperitoneal injec-
tion of PBS (control, 200 ub, low (3.3 mg/kg), or high (6.7 mg/kg) dose of
BQ-123 10 hours after LPS injection. All mice were observed for premature
delivery within 24 hours of LPS injection. A: Percentage of delivering mice
throughout time for the control, Lo BQ-123, and Hi BQ-123 groups is shown.
B: Percentage of pups delivered prematurely throughout the time for the
same three groups is shown. P < 0.01 for LPS-induced premature delivery
between the control and Hi BQ-123 groups. Triangles: control group;
squares: Lo BQ-123 group; circles: Hi BQ-123 group.
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delivered the first pup within 24 hours of LPS injection. In
the RNAI group, which received siRNA for ECE-1 (500 g
in 0.5 ml of PBS), only one of six (16.7%) mice delivered
its first pup prematurely (P ~ 0.08) (Table 2 and Figure
6A). Furthermore, all mice in the control group that deliv-
ered prematurely delivered the first pup within 14 hours of
LPS injection, whereas the delivery time of the one deliv-
ering mouse in the RNAI group was at 17.4 hours. No
maternal death was observed in either group. siRNA for
ECE-1 also decreased the percentage of prematurely de-
livered pups within 24 hours of LPS injection: for the control
group, 44% of pups were delivered prematurely, in com-
parison to only 2.4% for the RNAIi group (P < 0.0005) (Table
2 and Figure 6B). These results suggest that reduction in
production of ET-1 caused by siRNA for ECE-1 was asso-
ciated with a decrease in premature delivery.

Discussion

In this study, we have shown that ET-1 and ECE-1 levels
are increased in gestational tissues in pregnant mice
induced to labor with LPS. We have also demonstrated
that blockade of the ET 4 receptor with a specific receptor
antagonist leads to control of premature labor and deliv-
ery in LPS-treated animals. Finally, we are the first group,
to our knowledge, to apply RNA knockdown technology
to the study of preterm labor and delivery. The data

ECE-1

c GAPDH [ W8 -

Figure 5. Effect of siRNA for ECE-1 on the
expression of ECE-1 in placenta and uteri.
LPS-stimulated (9.9 mg/kg, i.p.) mice were
treated with 0.5 ml of PBS (control) or 500 g
of siRNA for ECE-1 dissolved in 0.5 ml of PBS
(RNAY) injected into tail vein at 30, 12, and 3
hours before LPS injection, using a hydrody-
namic transfection method. A: Each lane was
loaded with 1.3 ug of placental tissue and
samples were separated by 16% Tricine gel.
Immunoblots were probed with antibodies
directed against ECE-1 and GAPDH, as indi-
cated. Lanes 1 to 3: ECE-1 siRNA-treated;
lanes 4 to 6: control. B: Levels of expression
were determined by densitometry after nor-
malization to GAPDH. Open bar, ECE-1
siRNA-treated; filled bar, control. Values
shown represent the mean = SEM. *P< 0.05
ECE-1 expression between the control and
RNAi groups. C: Each lane was loaded with
1.3 ug of uterine tissue and samples were
separated by 16% Tricine gel. Immunoblots
were probed with antibodies directed
against ECE-1 and GAPDH. D Levels of ex-
pression were determined by densitometry
after normalization to GAPDH. Values
shown represent the mean = SEM. Open
bar, ECE-1 siRNA-treated; filled bar, control.
**P < 0.01 for ECE-1 expression between the
control and ECE-1 groups.
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presented indicate that knockdown of ECE-1 mRNA
leads to control of premature delivery in LPS-treated
pregnant mice.

Although endothelin has now been implicated in a very
broad spectrum of disease processes, ranging from cancer
to cardiovascular disease, its role in the pathogenesis of
reproductive disorders, such as premature delivery, has not
been thoroughly investigated. The enthusiasm for endothe-
lin as a therapeutic target in reproductive disorders is
dampened by our understanding, from work with both the
ET-1 and ECE-1 knockout mice,?” that blockade of ET-1
action early in gestation leads to severe craniofacial anom-
alies and death in the perinatal period. These abnormalities
occur, however, when ET-1 is absent early in development.
Although BQ-123 is a relatively small molecule, predicted to
cross the placenta, none of the pups in the work presented
here, which were all transiently viable E16.5 animals, dem-
onstrated such abnormalities, probably because exposure
to the ET-1 blocking agent was transient and relatively late
in gestation, well after embryogenesis and organogenesis
had been completed.

In previous work, we had shown that treatment with
phosphoramidon, an ECE-1 inhibitor, leads to control
of inflammation-associated premature delivery in our
mouse model.?* Phosphoramidon, however, also inhib-
its neutral endopeptidase.?® Therefore another possi-
ble mechanism of the effect of phosphoramidon in

Table 2. Effect of siRNA for ECE-1 in the LPS-Induced Preterm Delivery Mouse Model
Number of mice Percent of mice Number of pups Percent of pups
delivering delivering Total number delivered delivered
Group* n preterm preterm of pups preterm preterm
Control 7 5 71.4 50 22 44
RNAI 6 1 16.7 41 1t 2.4%

*Control group is treated with LPS and PBS; RNAIi group is treated with LPS and siRNA for ECE-1.

TP < 0.001 between control and RNAi groups (Fisher's exact test).
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Figure 6. Effect of siRNA for ECE-1 on PTL in LPS-treated mice. LPS-stimu-
lated (9.9 mg/kg, i.p.) mice were treated with 0.5 ml of PBS (control) or 500
g of siRNA for ECE-1 dissolved in 0.5 ml of PBS (RNAD injected into tail vein
at 30, 12, and 3 hours before LPS injection, using a hydrodynamic transfection
method. All mice were observed for PTL within 24 hours of LPS injection. A:
Percentage of delivering mice throughout time for both groups is shown.
Near significant difference (P =~ 0.08) is observed for the percentage of
LPS-induced PTL between the control and RNAi groups. B: Percentage of
prematurely delivered pups throughout time for both groups is shown. P <
0.001 for the difference in percentage of pups prematurely delivered be-
tween the control and RNAi groups. Triangles: control group; squares:
RNAi group.

controlling premature delivery seen in our previous
work is through the inhibition of neutral endopeptidase
and decreased degradation of gonadotropin-releasing
hormone or any one of the myriad regulatory peptides
degraded by neutral endopeptidase. Still another pos-
sible mechanism of phosphoramidon-dependent con-
trol of premature delivery is through inhibition of
additional metalloproteases, especially the matrix met-
alloproteases, which we have recently shown to play an
important role in the pathogenesis of premature delivery
in our mouse model®® as well as in normal parturition.*°
The uncertainty surrounding the mechanism of action of
phosphoramidon in previous experiments led us to test
whether a specific ET-1-blocking agent would have the
same effect as the metalloprotease inhibitor. The data
presented here provide strong evidence that phosphor-
amidon controls premature delivery through its inhibition
of ECE-1.
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A major shortcoming in the value of RNA knockdown
technology for the treatment of chronic disease, is that
siRNAs are unstable and need to be frequently reapplied.>’
For an acute, short-lived disorder, such as preterm labor,
however, the approach may be promising. In the current
study, we were able to prevent premature delivery entirely in
five of six mice with only three injections. Furthermore, be-
cause of the relative instability of the siRNAs, crossing of the
placenta and knockdown of fetal ECE-1 mRNA to an extent
significant enough to lead to teratogenic effects is unlikely.
Examination of all 41 pups exposed to ECE-1 siRNA in fact
revealed no anomalies.

The current therapeutic approaches to preterm labor
and delivery remain unsatisfactory and often not without
risk to either mother or fetus. At the same time, the inci-
dence of premature delivery continues to rise. Ultimately,
a combination of therapies most likely will prove the most
useful in managing this important clinical disorder. The
identification of specific components of the preterm par-
turition cascade, such as ET-1, will hopefully provide
direction for the development of effective therapy.
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