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Abstract

Problem—To determine if down-regulation of TIMP3 expression promotes TACE expression

and increases in TNFα production by placental trophoblast cells.

Method of study—Placental expression of TIMP3 and TACE was examined by

immunostaining and Western blot. Effects of TIMP3 on TACE expression and TNFα production

were assessed by transfection of TIMP3 siRNA into trophoblasts isolated from normal placentas.

Effects of oxidative stress on trophoblast TIMP3 expression and TNFα production were also

determined. Trophoblast production of TIMP3, TACE, and TNFα were measured by ELISA.

Results—TIMP3 expression was markedly reduced in preeclamptic placentas compared to

normal placentas; Oxidative stress down-regulated trophoblast TIMP3 expression and production,

p<0.01. Down-regulation of TIMP3 expression by TIMP3 siRNA resulted in significant increases

in TACE expression and TNFα production, p<0.01.

Conclusion—Since TIMP3 is an endogenous TACE inhibitor, down-regulation of trophoblast

TIMP3 expression/activity could result in increased TACE expression and subsequently lead to

increased TNFα production in preeclamptic placentas.
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Introduction

Tumor necrosis factor-alpha (TNFα) is a pleiotropic inflammatory cytokine. It has a wide

spectrum of bioactivity in both physiological and pathophysiology conditions. In the

placenta, TNFα could provoke multitude of biological responses. It plays an important role

in regulating physiological balance of trophoblast turnover and renewal 1. It not only

induces trophoblast apoptosis and cytotoxicity, but also inhibits trophoblast fusion and

invasion 1-3. In preeclampsia, placental production and expression of TNFα significantly

increased 4, and the increased TNFα production is likely to contribute to placental and
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endothelial injury in this pregnancy disorder 4-7. The involvement of TNFα in the

development of placental atherosclerotic lesions further indicates the importance of TNFα
deregulation in placental dysfunction in preeclampsia 8

TNFα is expressed as a membrane-bounded molecule and is released from the cell surface

by proteolytic cleavage. The major metalloproteinase responsible for TNFα cleavage is a

disintegrin and metalloproteinase domain-containing protein 17 (ADAM17), which is also

named as TNFα converting enzyme (TACE). We recently found that TACE expression is

increased in preeclamptic placentas 9. We further found that hypoxia/oxidative stress

promoted TACE expression and subsequently increased TNFα production by placental

trophoblasts 9. These data demonstrated the role of TACE in the regulation of TNFα
production in the placenta 9.

TACE activity is regulated by a group of endogenous physiological inhibitors including the

tissue inhibitors of matrix metalloproteases (TIMPs). To date, four members of TIMPs

(TIMP-1, -2, -3, and -4) have been found in the mammalian cells 10. Purified TIMPs from

mouse myeloma cells showed that TIMP-1 and TIMP-3 have the ability to inhibit the

protease activity of ADAM10 11, while only TIMP-3 has the ability to inhibit TACE 12.

Although TACE expression is increased in preeclampsia placenta 9, little is known about

TIMP3 expression and activity in the human placentas. In the present study, we sought to

determine if TIMP3 expression was decreased in preeclamptic placentas and whether

inhibition of TIMP3 expression could promote TACE expression and increase TNFα
production in placental trophoblasts.

Materials and Methods

Placenta collection

Placentas delivered by normal and preeclamptic pregnant women were collected

immediately after delivery, which was approved by the Institutional Review Board for

human research at Louisiana State University Health Sciences Center-Shreveport, LA. A

total of 33 placentas, 21 from normal and 12 from preeclamptic pregnancies, were used in

this study. Among them, tissue pieces from 24 placentas (12 from normal and 12 from

preeclamptic) were either fixed with 10% formalin for immunohistochemistry or snap frozen

for total tissue protein expression; and 9 normal term placentas were used for trophoblast

isolation. Normal pregnancy is defined as pregnancy with normal blood pressure

(<140/90mmHg) without proteinuria and absence of obstetrical and medical complications.

Preeclampsia is defined as blood pressure ≥ 140/90 mmHg on two separate readings and

proteinuria >1+ on dipstick or ≥ 300mg in 24hrs urine. No patient had signs of infection.

Smokers were excluded.

Immunohistochemistry

Expression for TIMP3 and TACE was examined by immunohistochemistry in paraffin

embedded placental tissue sections. A standard immunohistochemistry procedure was

performed as previously described 13. TIMP3 antibody was obtained from Santa Cruz (San

Diego, CA) and TACE antibody was obtained from Abcam Inc. (Cambridge, MA). Tissue
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sections stained with isotype IgG or without primary antibody served as negative controls.

Slides stained with the same antibody were all stained at the same time. Stained slides were

then reviewed under microscope and images were captured with PictureFrame computer

software (Uptronics Inc., Sunnyvale, CA) and recorded to a microscope linked PC

computer.

Trophoblast isolation and culture

Trophoblasts were isolated from freshly obtained placentas immediately after delivery from

normal pregnancies as previously described 9. Briefly, trophoblasts were isolated by trypsin

digestion (0.125 % trypsin solution containing 0.1mg/ml DNase I and 5mM MgCl2) in

Dulbecco's Modified Eagle Medium (DMEM) at 37°C for 90 min. Isolated trophoblasts

were further purified by Percoll gradient centrifugation. Freshly isolated trophoblasts were

then incubated with DMEM with 5% fetal bovine serum (FBS) in 6-well plate (5×106cells/

well). Isolated trophoblasts were either treated with hypoxic mimicking agent CoCl2 to

determine effects of oxidative stress on TIMP3 expression and production or transfected

with TIMP3 siRNA to determine effects of TIMP3 inhibition on TACE expression and

TNFα production.

TIMP3 siRNA transfection assay

To determine if TIMP3 regulates TACE expression and TNFα production in placental

trophoblasts, TIMP3 siRNA transfection assay was performed. TIMP3 siRNA was

purchased from Thermo Scientific (Rockford, IL) and scrambled siRNA was purchased

from Santa Cruz (San Diego, CA). Briefly, 30nM of TIMP3 siRNA were transfected into

primary isolated trophoblasts (5×106 cells/well) 24hrs after seeding using Lipofectamine™

RNAiMAX transfection agent (Invitrogen, Carlsbad, CA). Cells transfected with scrambled

siRNA were used as control. Culture medium and total cellular protein was collected 48

hours after transfection. Medium levels of TIMP3, TACE, and TNFα were measured by

enzyme-link immunoassay (ELISA). Protein expression of TIMP3 and TACE were

determined by Western blot.

Protein expression for TIMP3 and TACE

Placental tissue and trophoblast expression of TIMP3 and TACE were determined by

Western blot. For tissue expression, total protein was extracted from snap frozen tissues. For

trophoblast expression, total cellular protein was extracted immediately after cell culture

experiment. An aliquot of total protein of 15μg per sample was used for electrophoresis

(Bio-Rad, Hercules, CA) and then transferred to Hybond-protein transfer membranes

(Amersham Corp, Arlington Heights, Ill). The membranes were probed with antibodies

against TIMP3 or TACE. TIMP3 and TACE expression were detected by an enhanced

chemiluminescent detection kit (Amersham). The same antibodies were used for the

immunostaining assay described above. β-actin expression was determined to verify the

protein loading consistency for each sample.
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Measurement of TIMP3, TACE, and TNFα production

ELISA kits for measuring TIMP3, TACE, and TNFα were purchased from R&D systems,

Inc. (Minneapolis, MN). All assays were performed according to the manufacturer's

instructions. All samples were tested in duplicate. The range of standard curve was 3.9 to

4,000pg/ml for TIMP3, 9.8 to 10,000pg/ml for TACE, and 0.98 to 1,000pg/ml for TNFα.

Within- and between-assay variations were < 8% for all assays.

Statistical analysis

Data are presented as mean ± SE. Statistical analysis was performed with ANOVA or paired

t-test by computer software program StatView. Student-Newman-Keuls test was used as

post hoc tests. A probability level less than 0.05 was considered statistically significant.

Results

Decreased TIMP3 expression and increased TACE expression in preeclamptic placentas

Figure 1 shows TIMP3 and TACE expression examined by immunostaining and Western

blot. Representative images for TIMP3 and TACE expression by immunostaining are shown

in Figure 1A. TIMP3 and TACE are mainly expressed in the syncytiotrophoblast layer. In

normal placenta, TIMP3 is also stained in villous stromal cells. Compared to normal

placentas, TIMP3 expression is reduced in preeclamptic placentas. In contrast, TACE

expression is strongly stained in preeclamptic placentas compared to normal placentas.

Relative tissue protein expression of TIMP3 and TACE are shown in Figure 1B. Consistent

with immunostaining results, Relative tissue TIMP3 expression was significantly reduced

and TACE expression was significantly increased in preeclamptic placentas compared to

normal placentas, TIMP3: 0.26 ± 0.07 vs. 0.72 ± 0.18, p<0.05, and TACE: 0.75 ± 0.19 vs.

0.32 ± 0.07, p<0.05.

Inhibition of TIMP3 expression results in increased TACE expression and production by
placental trophoblasts

TIMP3 inhibits TACE activity in mouse myeloma cells 12. To determine if TIMP3 regulates

TACE expression and production in placental trophoblasts, TIMP3 siRNA was used. In this

experiment, TIMP3 siRNA were transfected into trophoblasts isolated from normal term

placentas. TIMP3 and TACE expression and production were then determined. As shown in

Figure 2A, TIMP3 expression was significantly reduced in cells transfected with TIMP3

siRNA. In contrast, TACE expression was markedly increased in cells transfected with

TIMP3 siRNA. Consistent with protein expression, TIMP3 production was also significantly

reduced and TACE production was significantly increased in trophoblasts transfected with

TIMP3 siRNA compared to cells transfected with scrambled siRNA, TIMP3: 1.20 ± 0.28 vs.

1.8 ± 0.25ng/5×106 cells/ml, p<0.01, and TACE: 152.54 ± 9.82 vs. 85.08 ± 15.75pg/5×106

cells/ml (Figure 2B). Data are means from 5 independent experiments.

Oxidative stress downregulates TIMP3 expression

Increased oxidative stress is an underlying pathophysiology in preeclamptic placentas.

Hypoxia/oxidative stress promotes TNFα production 9. To determine if hypoxia affects
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TIMP3 expression and production, trophoblasts were treated with cobalt (II) chloride

(CoCl2) at different concentrations for 48 hours. CoCl2 is a hypoxia mimetic agent, which

has been used as a hypoxia/oxidative stress inducer in numerous in vitro cell culture studies

including adipocytes, retinal ganglion cells, and trophoblasts 9, 14-16. Our results showed that

TIMP3 expression and production were significantly reduced in cells treated with CoCl2
compared to control cells and the oxidative stress-induced down-regulation of TIMP3

expression and production were dose-dependent, Figure 3A. Data are means from 6

independent experiments.

Inhibition of TIMP3 promotes TNFα production under oxidative stress stimulation

To further determine effects of TIMP3 and hypoxia/oxidative stress on TNFα production,

we measured TIMP3 and TNFα production in cells transfected with TIMP3 siRNA with or

without CoCl2 treatment. As shown in Figure 3B, TIMP3 production was reduced in cells

transfected with TIMP3 siRNA, 1.19±0.28ng/5×106 cells/ml, and further reduced in TIMP3

siRNA transfected cells treated with CoCl2, 1.01±0.15ng/5×106 cells/ml, p<0.05, compared

to control cells, 1.80±0.25ng/5×106 cells/ml. In contrast, TNFα production was increased in

cells transfected with TIMP3 siRNA, 15.35±0.91pg/5×106 cells/ml, and further increased in

TIMP3 siRNA transfected cells treated with CoCl2, 58.37±10.55pg/5×106 cells/ml, p<0.01,

compared to control cells, 6.16±0.56pg/5×106 cells/ml. In this experiment, CoCl2 at a

concentration of 500μM was used. These results indicate that oxidative stress potentiates

TIMP3 inhibition-mediated TNFα production. Data are means from 5 independent

experiments.

Discussion

In this study, we determined TIMP3 and TACE expression in normal and preeclamptic

placentas and investigated the role of TIMP3 in TNFα production by placental trophoblasts.

We found that TIMP3 was strongly expressed in the syncytiotrophoblast layer of villous

tissue from normal placentas. In contrast, TACE was strongly expressed in the

syncytiotrophoblast layer of villous tissues from preeclamptic placentas. TIMP3 is a native

inhibitor of TACE (a TNFα converting enzyme). TNFα production was increased in

preeclamptic placentas 4. Thus, reduced TIMP3 expression could result in increased TACE

expression and subsequently increased TNFα production in preeclamptic placentas.

To investigate if reduced TIMP3 expression could lead to an increase in TACE expression

associated with increased TNFα production in placental trophoblasts, TIMP3 siRNA was

used. Our results showed that inhibition of TIMP3 expression by TIMP3 siRNA resulted in

an increase in TACE expression. The decreased TIMP3 expression was also accompanied

by reduced TIMP3 production and increased TACE release by placental trophoblasts. These

results prove that TACE is a target of TIMP3 and inhibition of TIMP3 expression could

directly affect TACE activity/expression in placental trophoblasts.

Increased oxidative stress is an underlying pathophysiology in preeclamptic placentas. In

fact, many pathophysiological phenotypic changes found in preeclamptic placentas are

closely associated with increased oxidative stress, such as increased vasoconstrictor

thromboxane production, increased inflammatory cytokine IL-6 and IL-8 production, and
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increased anti-angiogenic factor sFlt-1 and sEng production 13, 17-19. To define if reduced

TIMP3 expression found in preeclamptic placentas is associated with increased oxidative

stress, we determined TIMP3 expression and production in trophoblasts treated with CoCl2.

CoCl2 is a hypoxia mimetic agent and has been used to induce oxidative stress in numerous

in vitro cell culture studies including trophoblasts 9. As we expected, CoCl2 induced a dose

dependent-decrease in TIMP3 expression and production. We further found that decreased

TIMP3 expression and increased TNFα production induced by TIMP3 siRNA could be

further potentiated by treating trophoblasts with CoCl2. These results provide convincing

evidence that down-regulation of TIMP3 expression is likely a consequence of increased

oxidative stress in preeclamptic placentas. Although we did not specifically examine

whether reduced placental TIMP3 expression or increased placental TACE expression is

associated with the severity of the disease, the findings of CoCl2 induced dose-dependent

decreases in TIMP3 expression and production suggest this might be the case, which needs

to be further investigated.

TIMP3 is an endogenous negative regulator of TNFα in tissue response to injury and plays

important roles in regulating the integrity of extracellular matrix and tissue remodeling. For

example, animal studies have shown that TIMP3 could act as an on-and-off switch for

myogenic differentiation by regulating autocrine TNFα release 20. On the other hand,

TIMP3 deficiency results in an increase in TACE activity and fails to control the release of

TNFα production, leading to inappropriate control of systemic inflammation and TNFα-

mediated cell death 21, 22. TIMP3 deficiency also contributes significantly to organ

dysfunction and systemic vascular diseases. In kidney, loss of TIMP3 enhances interstitial

nephritis and fibrosis 23. In diabetic animals, loss of TIMP3 exacerbates nephropathy and

promotes vascular inflammation 24, 25. In placental tissues, TIMP3 is strongly expressed in

syncytiotrophoblasts in normal placentas. Owing to the specific location of

syncytiotrophoblasts at the maternal-fetal interface during pregnancy, there would be no

question that the lack or insufficiency of TIMP3 in syncytiotrophoblasts would result in

increased TNFα release into maternal circulation and contribute to increased circulating

TNFα levels in preeclampsia.

In conclusion, we have made several important findings in this study. First, we demonstrated

that TIMP3 expression, the suppressor of TACE, is decreased in placental trophoblasts in

preeclampsia. Reduced TIMP3 expression is associated with increased TACE expression.

Second, we found that inhibition of TIMP3 expression by TIMP3 siRNA results in increased

TACE expression and increased TNFα production by trophoblasts from normal placentas.

Last but not least, we proved that hypoxia/oxidative stress not only reduces TIMP3

expression but also potentiates TIMP3 siRNA-induced increased TNFα production by

placental trophoblasts. Thus, we believe that increased oxidative stress is likely a causative

factor to down-regulate TIMP3 expression and activity in preeclampsia placenta.
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Figure 1.
Expression of TIMP3 and TACE in normal and preeclamptic placentas. A: Representative

immunostaining of TIMP3 and TACE in villous tissues from normal and preeclamptic

placentas. TIMP3 expression was decreased and TACE expression was increased in

syncytiotrophoblasts of preeclamptic placentas compared to normal placentas.

Bar=50micron. B: Total protein expression of TIMP3 and TACE in normal and

preeclamptic placentas by Western blot. Consistent with immunostaining results, TIMP3
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expression was significantly reduced and TACE expression was significantly increased in

preeclamptic placentas compared to normal placentas, * p<0.05.
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Figure 2.
Effects of TIMP3 siRNA on trophoblast TIMP3 and TACE expression and production.

Inhibition of TIMP3 expression resulted in an increase in TACE expression (A) that was

associated with reduced TIMP3 release and increased TACE release by trophoblasts in

culture (B). Data are means from 5 independent siRNA transfection experiments, ** p<0.01,

respectively.
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Figure 3.
Effects of oxidative stress on TIMP3 expression, and TIMP3 and TNFα production. A:

TIMP3 expression and release in trophoblasts treated with CoCl2, a hypoxic mimicking

agent. Trophoblasts from normal placentas were treated with different doses of CoCl2 for

48hrs. CoCl2 induced a dose-dependent decrease in TIMP3 expression and TIMP3 release in

trophoblasts isolated from normal placentas. Data are means from 3 independent

experiments. ** p<0.01: treated vs. untreated control cells (C). B: TIMP3 and TNFα
production in trophoblasts transfected with TIMP3 siRNA with or without CoCl2 in culture.
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Data are means from 5 independent experiments. * p<0.05 and ** p<0.01: treated vs. control

cells.
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