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Abstract

Problem—To determine if miR-203 mediates endothelial inflammatory response in 

preeclampsia.

Method of study—Maternal vessel miR-203 expression was assessed by in situ hybridization. 

Suppressor of cytokine signaling-3 (SOCS-3) and ICAM expression was determined by 

immunostaining. Subcutaneous fat tissue sections from normal and preeclamptic pregnant women 

were used. MiR-203 induced inflammatory response was evaluated by measurements of IL-6, 

IL-8, ICAM, and VCAM expression and production, and neutrophil adhesion in endothelial cells 

(EC) transfected with miR-203 precursor, pre-miR-203. SOCS3 expression was also determined.

Results—Up-regulation of miR-203 and ICAM expression and down-regulation of SOCS-3 

expression was demonstrated in maternal vessel endothelium in preeclampsia. Over-expression of 

miR-203 resulted in down-regulation of SOCS-3 expression and increases in production of IL-6, 

IL-8, ICAM and VCAM, and neutrophil adhesion in ECs.

Conclusion—As miR-203 is an inflammatory microRNA, increased miR-203 production/ 

expression in ECs could diminish anti-inflammatory activity and increase endothelial 

inflammatory response in preeclampsia.
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Introduction

Preeclampsia is a hypertensive and multi-system disorder in human pregnancy. Although the 

cause of preeclampsia is not clear, increased systemic endothelial inflammatory 

responsiveness is believed to be a major pathophysiological event of maternal vascular 

dysfunction in preeclampsia. Elevated maternal levels of inflammatory cytokines such as 

IL-6, IL-8, IL-16, and TNFα [1, 2] and endothelial adhesion molecules ICAM and VCAM 

[3] are all considered hallmarks of increased vascular inflammatory response in 

preeclampsia [4]. Moreover, increased inflammatory response also contributes to increased 
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endothelial solute permeability [5, 6] and oxidative stress [7] in this pregnancy disorder. The 

impact of preeclampsia on women to their long-term health outcome is further emphasized 

by the findings of increased risk of cardiovascular diseases and intensiveness of 

inflammatory responses later in life in women who had preeclampsia during their pregnancy 

[8, 9]. However, the underlying cellular and molecular mechanism of increased 

inflammatory response in preeclampsia remains unclear.

Cytokine signaling is negatively regulated by a family of proteins named suppressor of 

cytokine signaling (SOCS). The SOCS family has 8 members, including SOCS-1 to SOCS-7 

and cytokine-induced STAT inhibitor (CIS). These molecules modulate cytokine signaling 

through several mechanisms, which include inactivation of Janus kinases (JAKs), blocking 

access of STATs to receptor binding sites, and ubiquitination of signaling proteins and their 

subsequent targeting to the proteasome [10, 11]. Among the SOCS family members, 

SOCS-3 has been well characterized to regulate IL-6, leptin, and erythropoietin through 

binding to their receptors [12, 13]. We previously reported that SOCS-3 expression was 

down-regulated in both maternal leukocytes and vascular endothelium in women with 

preeclampsia [14]. SOCS-3 expression was also reduced in placental trophoblasts in 

preeclampsia [15]. Although down-regulation of SOCS-3 activity/expression may lead to 

alteration of cytokine signaling and increased inflammatory responses, little is known about 

the mechanism of SOCS-3 regulation in vascular endothelial cells.

Emerging evidence has shown that numerous microRNAs (miRNAs) are able to regulate 

immune and inflammatory responses and dysregulation of miRNA expression closely links 

to increased inflammatory responses [16]. For example, miR-146 regulates IL-2 expression 

and activation [17]. MiR-155 promotes Th17 relevant cytokines and is induced during 

macrophage inflammatory response [18]. Increased miR-203 expression is found to be 

associated with down-regulation of SOCS-3 expression in infected gingival epithelial cells 

[19]. In contrast, silencing miR-203 reverses the inhibition of SOCS-3 expression [19]. 

Moreover, over-expression of miR-203 significantly increases IL-6 and MMP-1 production 

in synovial fibroblasts [20]. However, the role of miR-203 associated with endothelial 

inflammatory response has never been studied in preeclampsia. To test the hypothesis that 

increased miR-203 expression may lead to down-regulation of SOCS-3 expression and result 

in increased endothelial inflammatory responses in preeclampsia, we determined miR-203 

expression in maternal vessels from normal and preeclamptic pregnancies and assessed anti-

inflammatory effects of SOCS-3 on endothelial cells. The role of miR-203 mediated 

endothelial inflammatory response was further evaluated by IL-6, IL-8 and ICAM 

expression and production, and neutrophil-endothelial adhesion in endothelial cells.

Materials and Methods

Sample collection

Maternal subcutaneous fat tissue was collected during cesarean section delivery from normal 

and preeclamptic pregnancies. Freshly obtained subcutaneous fat tissue was fixed 

immediately with 10% formalin and then embedded with paraffin. Tissue sections were used 

for detection of miR-203 expression, and SOCS-3 and ICAM expression. Collection of 

subcutaneous fat tissue was approved by IRB at Louisiana State University Health Sciences 
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Center – Shreveport (LSUHSC-S), LA. Normal pregnancy was defined as pregnancy with 

blood pressure (<140/90mmHg), absence of proteinuria and obstetrical and medical 

complications. Diagnosis of preeclampsia was defined as follows: sustained systolic blood 

pressure of ≥ 140 mmHg or a sustained diastolic blood pressure of ≥ 90mmHg on two 

separate readings; proteinuria measurement of 1+ or more on dipstick, or 24 hour urine 

protein collection with ≥ 300mg in the specimen. Smokers were excluded. None of the study 

subjects had signs of infection. To avoid clinical phenotypic differences in preeclamptic 

patients, patients complicated with HELLP syndrome (hemolysis, elevated liver enzyme and 

low platelet count), diabetes and/or renal disease were excluded. Subcutaneous fat tissue 

from 5 normal and 5 preeclamptic women were used in this study and the clinical 

characteristics of study subjects are presented in Table 1.

Detection of miR-203 expression by in situ hybridization (ISH)

MiR-203 expression was determined by in situ hybridization on formalin-fixed, paraffin-

embedded subcutaneous fat tissue sections using the miRCURY LNA™ microRNA ISH 

Optimization Kit (FFPE) (product number 90010) purchased from Exiqon (Vedbaek, 

Denmark). The Kit contains 5′-DIG and 3′-DIG labeled LNA™ scrambled miRNA control 

probe (5′-DIG/gtgtaacacgtctatacgccca /DIG-3′) that was used as negative control and 5′-

DIG labeled LNA™ U6 snRNA control probe (5′-DIG/cacgaatttgcgtgtcatcctt/DIG-3′) that 

was used as positive control. The miRCURY LNA™ 5′-DIG and 3′-DIG labeled detection 

probe specific to hsa-miR-203 (probe number 88079-15, 5′-DIG/tagtggtcctaaacatttca/

DIG-3′) was also purchased from Exiqon. The staining procedure was performed following 

the manufacturer’s instruction. A concentration of 100nM for hsa-miR-203 probe was used 

in the assay. Counter staining was carried out with Nuclear Fast Red (Vector Laboratories, 

Burlingame, CA). Stained slides were then reviewed under an Olympus microscope 

(Olympus IX71), and images were captured by PictureFrame computer software (Uptronics, 

Sunnyvale, CA) and recorded to a microscope linked PC computer.

Immunohistochemistry

Maternal vessel endothelium expression for SOCS-3 and ICAM were examined by 

immunohistochemistry (IHC) of subcutaneous tissue sections as previously described [14]. 

Primary monoclonal antibody against SOCS-3 (ab16030) was purchased from Abcam Inc. 

(Cambridge, MA) and antibody for ICAM (SC-7891) was from Santa Cruz (San Diego, 

CA). The antibody concentration of 1.0μg/ml was used for both SOCS3 and ICAM staining. 

Stained slides were counterstained with Gill’s formulation hematoxylin. Tissue sections 

stained with secondary antibody only were used as controls. All slides stained with the same 

antibody were processed at the same time. Stained tissue slides were reviewed under an 

Olympus microscope, and images were captured.

Endothelial isolation and culture

Human umbilical cord vein endothelial cells (HUVECs) from normal term placentas were 

isolated as previously described [21, 22] and used in the study. Cells were cultured with 

endothelial growth medium (Lonza, Allendale, NJ) supplemented with hydrocortisone, 

ascorbic acid, bovine brain extract, epidermal growth factor (EGF), gentamicin sulfate 
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amphotericin (GA-1000), and fetal bovine serum (FBS). HUVECs at passage 2 were used 

for pre-mir-203 transfection or SOCS-3 gene transfer experiments.

Pre-miR-203 transfection

miR-203 over-expression was carried out by transfection of pre-miR-203 (miR-203 

precursor, AM17100) (Ambion) in endothelial cells using LipofectAMINE RNAiMAX 

transfection reagent (Invitrogen). Pre-miR-203 at a concentration of 50nM was used in the 

transfection assay. Cells transfected with pre-miR negative control (a random sequence 

miRNA) served as control. Total RNA was extracted by TRIzol reagent approximately 40h 

after transfection. miR-203 expression and mRNA expression for IL-6, IL-8, and ICAM 

were then determined by RT-PCR. Expression of U6 snRNA was determined and served as 

an endogenous control for miRNA-203 expression and GADPH was determined and served 

as an endogenous control for IL-6, IL-8, and ICAM mRNA expression. The primer 

sequences and accession number for miR-203, U6, IL-6, IL-8, ICAM, and GADPH are 

presented in Table 2. Primers for miR-203 (HP300235) and U6 (HP300001) were purchased 

from OriGene Technologies, Inc. (Rockville, MD). Primers for IL-6, IL-8, ICAM, and 

GADPH were synthesized by Integrated DNA Technologies (IDT, www.idtdna.com). For 

SOCS-3 expression, cells were lysed 24, 48, and 72hrs after pre-miR-203 transfection using 

protein lysis buffer containing 50mmol/L Tris, 0.5% NP40, 0.5% Triton X-100 with protease 

and phosphatase inhibitors. Total cellular protein was then collected and SOCS-3 protein 

expression was then determined.

Protein expression

Protein expression for SOCS-3 was determined by Western blot. Briefly, 10μg of total 

cellular protein was subject to electrophoresis (Bio-Red, Hercules, CA) and then transferred 

to nitrocellulose membranes. After blocking, the membrane was probed with SOCS-3 

antibody (same antibody used for IHC) and then followed by a matched secondary antibody. 

An enhanced chemiluminescent (ECL) detection kit (Amersham Corporation, Arlington 

Heights, IL) and X-ray film were used to visualize the bound antibody. The membrane was 

then stripped and re-probed with β-actin antibody (Sigma). After scanned, the density of 

bands was analyzed by NIH Image J analysis program. β-actin expression was used to 

normalize SOCS-3 expression. Data were presented as mean ± SE from 4 independent 

experiments.

Endothelial IL-6, IL-8, and ICAM production

Endothelial production of IL-6, IL-8, and ICAM were measured in cell culture medium by 

enzyme-linked immunosorbent assay (ELISA). ELISA kits of IL-6, IL-8, and ICAM were 

purchased from R&D Systems, Inc. (Minneapolis, MN). All samples were measured in 

duplicate in each assay. All assays were carried out according to the manufacturer’s 

instructions. Within assay variations were <7% for all the assays.

Myeloperoxidase (MPO) assay for neutrophil-endothelial adhesion

MPO activity was assessed as an index of neutrophil adhesion. Neutrophils were isolated 

from healthy non-pregnant volunteers as previously described [23]. Neutrophil-endothelial 

Wang et al. Page 4

Am J Reprod Immunol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adhesion assay was performed approximately 40h after pre-mir-203 transfection or 48h after 

SOCS-3 gene transfer. Freshly isolated neutrophils were applied to endothelial cells 30min 

after treatment with TNFα. The plates were then washed twice with 1.0ml PBS, and reaction 

was initiated by adding following reagents to each well in order: 750μl 80mM K2HPO4 

(pH=4.5), 50 μl fresh 10%HETAB, 100 μl 16mMTMB. MPO activity was then measured by 

a VERSAmax microplate reader (Molecular Devices, Walpole, MA) at a wavelength of 

450nm.

Construction of SOCS-3/ZsGreen1 GFP vector

Plasmid pZsGreen1-N1 (Clontech, Mountain View, CA) was used to construct SOCS-3 

vector, pSOCS-3. Briefly, open reading frame of human SOCS-3 was amplified from human 

cDNA by polymerase chain reaction (PCR) using oligonucleotide to create restriction sites 

for Nhe I and Kpn I at 5′ and 3′ end of SOCS-3 sequence using following primers: sense 

primer 5′-AGCGCTAGCACCATGGTCACCCACAGCAAGTTTCC-3′ and antisense 

primer 5′-GGTGGTACCCAAAGCGGGGCATCGTACTG-3′. Restriction sites for Nhe I 

(5′GCTAGC3′) and Kpn I (5′GGTACC3′) are underlined, respectively. PCR was 

performed using pfx Taq polymerase (Invitrogen). PCR product and the vector pZsGreen1-

N1 were digested with Nhe I (New England BioLabs, Inc. Ipswich, MA) and Kpn I (New 

England BioLabs, Inc.). After ligation, competent Ecoli-Top10 (Invitrogen, Carlsbad, CA) 

was transformed with plasmid and selected positive clones were amplified. SOCS-3 

sequence was verified by Mclab (South San Francisco, CA).

SOCS-3 gene transfer

Electroporation was performed for SOCS-3 gene transfer. HUVECs at passage 2 were used 

for all experiments. For SOCS-3 (pSOCS-3/ZsGreen1) gene transfer, an aliquot of 20μg of 

plasmid DNA mixed with 5×106 cells in 600μl buffer per 4mm electroporation cuvette. A 

fixed electroporation was given with a capacitance of 950uf and 250v using a Bio-Rad Gene 

Pulser instrument (Bio-Rad, Hercules, CA). Cells transfected with ZsGreen1 vector only 

were used as control. Cell surface adhesion molecule ICAM and VCAM expression (see 

below), and neutrophil-endothelial adhesion assay were performed 24 hours after SOCS-3 

gene transfer. Cells were also lysed with lysis buffer and total cellular protein was also 

collected for SOCS-3 protein expression determined by Western blot.

Endothelial surface molecule ICAM and VCAM expression

Endothelial surface molecule ICAM and VCAM expression was determined in cells 

transfected with SOCS-3 gene as previously described [21]. Briefly, cells were grown in 24 

well/plate and fixed with 1% paraformaldehyde and then incubated with a primary antibody 

(mouse anti-human) to ICAM-1 (CD54) or VCAM-1 (CD106). Horseradish peroxidase-goat 

anti-mouse immunoglobulin G (Sigma) was used as the secondary antibody. Hydrogen 

peroxide (0.003%) and 3,30,5,50-tetramethylbenzidine (TMB) (0.1mg/ml) were used as 

substrate and color generation. The reaction was terminated by addition of 100μl of 8N 

H2SO4 to each well. Cells that reacted with secondary antibody only were used as 

background. After reaction, plates were read at 450 nm by VERSAmax microplate reader 

(Molecular Devices, Sunnyvale, CA, USA). All samples were tested in triplicate.
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Statistical Analysis

Statistical analysis was performed with ANOVA or paired t-test by computer software Prism 

5 (GraphPad Software, Inc. La Jolla, CA). Student-Newman-Keuls test was used as post hoc 

tests. Data is expressed as mean ± SE. A probability level of less than 0.05 was considered 

statistically significant.

Results

Endothelial miR-203 expression is increased in preeclampsia

To determine if endothelial cells express miR-203 and whether altered miR-203 expression 

is present in preeclampsia, miR-203 expression was examined by in situ hybridization in 

subcutaneous fat tissue sections. Our results showed that miR-203 expression was weakly 

expressed in vessel endothelium in tissues from normotensive pregnant women, but strongly 

expressed in vessel endothelium in 4 out of 5 tissues from women with preeclampsia. Figure 

1A shows representative miR-203 expression in maternal vessel endothelium from 2 normal 

and 2 preeclamptic subjects. An imaging panel showing miR-203 expression in maternal 

vessel endothelium from each study subject (5 normal and 5 preeclampsia) is presented in 

supplement Figure 1. These pictorial data clearly show miR-203 expression is up-regulated 

in maternal vessel endothelium in preeclampisa. Since SOCS-3 is a target of miR-203 and 

ICAM is an indicator of increased inflammatory response in endothelial cells, endothelial 

expression of SOCS-3 and ICAM was examined. As shown in Figure 1B, endothelial 

SOCS-3 expression was markedly reduced, which was consistent with our previous findings 

of reduced SOCS-3 expression in women with preeclampsia [14]. In contrast, endothelial 

ICAM expression was markedly increased in maternal vessels from women with 

preeclampsia compared to those from normal pregnant controls. These results suggest that 

up-regulation of miR-203 expression was associated with reduced SOCS-3 expression and 

increased ICAM expression in maternal vessel endothelium in women with preeclampsia.

Over-expression of miR-203 results in down-regulation of SOCS-3 expression in 
endothelial cells

SOCS-3 is an important cellular anti-inflammatory regulator. miR-203 targets SOCS-3 [24]. 

To determine if increased miR-203 production/expression could down-regulate SOCS-3 

expression in endothelial cells, endothelial cells were transfected with miR-203 precursor, 

pre-mir-203, and cells were collected 24, 48, and 72hrs after pre-mir-203 transfection. Total 

protein and RNA were extracted. As shown in Figure 2, mature miR-203 expression was 

markedly increased in cells transfected with pre-mir-203 compared to that in control cells 

(Figure 2A). In contrast, SOCS-3 expression was significantly reduced in cells transfected 

with pre-mir-203 and this inhibitory effect was in a time-dependent manner. The bar graph 

shows relative SOCS-3 protein expression in endothelial cells at 24, 48, and 72hrs after pre-

mir-203 transfection, p<0.05, Figure 2B. Data are means ± SE from 4 independent 

experiments.
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Over-expression of miR-203 promotes endothelial inflammatory response

As shown in Figure 1, increased miR-203 expression and increased ICAM expression were 

seen in maternal vessel endothelium. To further determine the consequences of increased 

miR-203 expression in endothelial cells, mRNA expression for IL-6, IL-8, and ICAM was 

examined in cells with or without transfection of pre-mir-203. Similar to miR-203 

expression, mRNA expression for IL-6, IL-8 and ICAM was also significantly increased in 

cells transfected with pre-mir-203, Figure 3A. We further determined endothelial production 

of IL-6, IL-8, and ICAM by measuring IL-6, IL-8, and ICAM concentrations in cell culture 

medium. In this experiment, fresh medium was replaced 40 hours after pre-mir-203 

transfection, and then medium was collected at 2, 4, and 8hrs and measured for IL-6, IL-8, 

and ICAM production by ELISA. Consistent with up-regulation of IL-6, IL-8 and ICAM 

mRNA expression, endothelial production of IL-6, IL-8 and ICAM were all significantly 

increased in cells transfected with pre-mir-203 compared to control cells and the increased 

IL-6, IL-8 and ICAM production was in a time-dependent manner, Figure 3B. These results 

clearly show that increase in miR-203 expression/production promotes endothelial 

expression and production of inflammatory cytokines and adhesion molecules.

Figure 3C shows neutrophil adhesion assessed by measuring of neutrophil myeloperoxidase 

(MPO) activity in endothelial cells transfected with pre-mir-203. Cells transfected with 

scramble pre-mir served as control. 40hrs after pre-mir-203 transfection, cells were treated 

with or without TNFα at a concentration of 50ng/ml for 2hrs and then freshly isolated 

neutrophils (1×105 cells/well in 24 well plate) were added to the cell culture. MPO activity 

was then determined. Our results showed that neutrophil adhesion was significantly 

increased in cells transfected with pre-mir-203 vs. control cells, p<0.05, Figure 3C. The 

increased neutrophil adhesion to endothelial cells was further increased in cells treated with 

TNFα. These results provide further evidence that up-regulation of miR-203 expression 

promotes endothelial inflammatory response.

SOCS-3 decreases endothelial inflammatory response

As shown in Figure 2 and 3, down-regulation of SOCS-3 expression was relevant to 

increased IL-6, IL-8, and ICAM expression and production in endothelial cells transfected 

with pre-miR-203. SOCS-3 is a target of miR-203. Reduced SOCS-3 expression has been 

demonstrated in maternal vessel endothelium in preeclampsia [14]. To further investigate if 

SOCS-3 modulates inflammatory response in endothelial cells, we constructed a SOCS-3/

ZsGreen1 vector and transferred it into endothelial cells to determine if increase in SOCS-3 

expression could increase anti-inflammatory activity in endothelial cells. Cells transfected 

with empty GFP vector were used as control. Cell adhesion molecule ICAM and VCAM 

expression and neutrophil-endothelial adhesion assay were performed 24hrs after SOCS3 

gene transfer. Our results showed that SOCS-3 expression was increased in endothelial cells 

transfected with SOCS-3 gene (Figure 4A). In contrast, ICAM and VCAM expression were 

significantly reduced in cells transfected with SOCS-3 compared to control cells, p<0.01 

(Figure 4B). Moreover, increased neutrophil-endothelial adhesion induced by TNFα were 

also significantly suppressed in cells transfected with SOCS-3 gene compared to those of 

controls, p<0.05 and p<0.01, respectively, Figure 4C.
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Discussion

In the present study, we, for the first time, showed increased miR-203 expression in maternal 

vessel endothelium in women with preeclampsia compared to that in normal pregnant 

controls. We further found that over-expression of miR-203 expression could down-regulate 

cytokine suppressor SOCS-3 expression in endothelial cells, which was accompanied by 

increased endothelial inflammatory response. This was demonstrated by increased 

endothelial expression/production of IL-6, IL-8 and ICAM and increased neutrophil-

endothelial adhesion in cells with over-expression of miR-203. The observation of up-

regulation of ICAM expression in maternal vessel endothelium from preeclampsia is 

consistent as previously reported by Leik et al [25]. Thus, our findings are significant and 

provide new evidence that altered miR-203 expression could contribute to increased 

endothelial inflammatory response in preeclampsia. Although the number of maternal vessel 

samples in each group was small with different gestational age at delivery and primigravida 

between normal and preeclamptic pregnancies, and range of BMI within each of the groups, 

we believe that our ISH finding of increased miR-203 expression in maternal vessel 

endothelium from preeclampsia is reliable because the consistency of miRNA expression 

tested by ISH and real-time PCR was demonstrated in our previous published placental 

miRNA works [26].

MiRNAs have been recognized as a class of novel inflammatory regulators by modification 

of target genes at different levels through anti-inflammatory or pro-inflammatory signaling 

cascades in the cardiovascular system. Studies have shown that many miRNAs are involved 

in endothelial inflammation by directly or indirectly targeting the genes that regulate 

leukocyte recruitment. For example, miR-126 could inhibit VCAM-1 expression and limit 

leukocyte adherence to endothelial cells [27], while TNF-induced endothelial miR-31 and 

miR-17-3p expression could in turn suppress endothelial E-selectin and ICAM-1 expression 

induced by TNF stimulation [28]. An animal study has also shown that miR-181b inhibition 

exacerbated endotoxin-induced NF-κB activity, leukocyte influx, and lung injury [29]. 

Moreover, up-regulation of miR-146a, miR-9, miR-204 and miR-367 expression in 

senescent endothelial cells was also reported, and their predicted target genes include Toll-

like receptor signaling (TLR) pathway, which is well known to play a pivotal role in 

inflammatory response, a key feature of senescence (inflammaging) [30]. It seems very 

likely that alteration of anti-inflammatory miRNA expression/production could directly 

disturb protective machinery of anti-inflammatory adaptive inflammatory responses.

MiR-203 was considered a skin- and keratinocyte-specific miRNA that was originally 

reported to be associated with common chronic inflammatory disorders in skin [31]. Up-

regulation miR-203 expression was reported in psoriasis-affected skin plaques [32] and in 

diabetic foot ulcer skin tissues [33]. In the present study, we found increased miR-203 

expression was in line with reduced SOCS-3 expression and increased ICAM expression in 

maternal vessel endothelium in women with preeclampsia compared to normal pregnant 

controls. Altered miR-203 expression was also reported in maternal plasma and placental 

tissue from preeclampsia [34]. It would be ideal to corroborate the findings of increased 

miR-203 in maternal vessel endothelium from preeclamptic pregnant women using a second 

approach such as real-time PCR. However, it is unlikely to obtain or isolate endothelial cells 
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from systemic vasculature from pregnant women and to quantify the difference in miR-203 

expression between normal and preeclamptic pregnancies, but our ISH results (supplement 

Figure 1) clearly showed that miR-203 expression is markedly increased in maternal vessel 

endothelium from preeclamptic pregnancies compared to that from normal pregnant women. 

Because SOCS-3 is a target of miR-203 [24] and SOCS-3 is an anti-inflammatory mediator, 

we then tested the consequences of miR-203 mediated inflammatory response in endothelial 

cells and determined effects of increased miR-203 expression on SOCS-3 and ICAM 

expression, and endothelial inflammatory response in cells transfected with miR-203 

precursor, pre-miR-203. As we expected, miR-203 expression was dramatically increased in 

cells transfected with pre-mir-203. Moreover, cells transfected with pre-miR-203 resulted in 

a time-dependent down-regulation of SOCS-3 expression, which is inversely related to 

increased mRNA expression and production of inflammatory cytokine IL-6 and IL-8 and 

endothelial adhesion molecule ICAM in endothelial cells. These findings clearly showed 

consequences of miR-203 up-regulation mediated increased inflammatory responsiveness in 

endothelial cells.

MiR-203 mediated increased endothelial inflammatory response was further assessed by 

neutrophil-endothelial adhesion assay in endothelial cells transfected with miR-203 

precursor pre-miR-203 in the presence or absence of TNFα. We found significant increases 

in neutrophil adhesion to endothelial cells, in which cells were transfected with pre-miR-203 

compared to cells transfected with control pre-miRNA. We further found that pre-miR-203 

could promote increased neutrophil adhesion to endothelial cells induced by TNFα. These 

data further demonstrate that increase in endothelial miR-203 expression could stimulate 

endothelial inflammatory response. We also noticed that pre-miR-203 transfection could 

induce TNFα expression in endothelial cells (data not shown). Although we did not validate 

the targeting effects of miR-203 on TNFα in endothelial cells, a study conducted by Primo 

et al, by screening a panel of cytokines that are up-regulated in psoriatic skin induced by 

miR-203, demonstrated that miR-203 could regulate inflammatory cytokine production of 

TNFα, IL-24, IL-15, and IL-17A, etc [35]. Their study suggests that miR-203 could serve to 

fine-tune cytokine signaling and may dampen skin immune responses by altering key pro-

inflammatory cytokines [35].

SOCS-3 is an important anti-inflammatory mediator. Down-regulation of SOCS-3 

expression by miR-203 is associated with increased endothelial inflammatory response. To 

further study endothelial anti-inflammatory activity mediated by SOCS-3, SOCS-3 gene 

transfer was used as a testing model, and endothelial ICAM and VCAM expression and 

neutrophil-endothelial adhesion were then determined. Our results clearly showed that 

endothelial ICAM and VCAM expression was significantly reduced in cells transfected with 

SOCS-3 gene. Moreover, over-expression of SOCS-3 could also suppress TNFα-induced 

increased neutrophil adhesion to endothelial cells. This data implies that down-regulation of 

SOCS-3 and increased inflammatory response in maternal vasculature could be 

consequences of increased miR-203 expression in preeclampsia.

Taken together, in this study we found that increased miR-203 expression is associated with 

reduced anti-inflammatory mediator SOCS-3 expression and increased endothelial adhesion 

molecule expression in maternal vessel endothelium in preeclampsia. We also demonstrated 
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that over-expression of miR-203 resulted in increased inflammatory cytokines IL-6 and IL-8 

and endothelial adhesion molecule ICAM expression/production and promoted neutrophil-

endothelial adhesion. These findings provide considerable evidence that increased miR-203 

expression could contribute to increased endothelial inflammatory response in preeclampsia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Expression of miR-203, SOCS-3, and ICAM in maternal vessel endothelium in normal 
and preeclamptic pregnancies
Subcutaneous fat tissue sections were used.

A: Representative images for miR-203 expression in maternal vessels from 2 normal and 2 

preeclamptic pregnancies. miR-203 expression was not expressed in maternal vessels from 

normal pregnancies. However, strong miR-203 expression was observed in vessel 

endothelium in preeclampsia. a and c: normal; b and d: preeclampsia; e: negative control; 

and f: positive control U6 staining. a–d: bar = 50micron and e–f: bar = 100 micron.

B: Representative images for SOCS-3 and ICAM expression in maternal vessels from 

normal and preeclamptic pregnancies. SOCS-3 expression was markedly reduced and ICAM 

expression was markedly increased in maternal vessel endothelium from preeclampsia 

compared to normal pregnant controls. SOCS-3 and ICAM expression was undetectable in 

tissue sections stained with secondary antibody only (not shown). a and b: SOCS-3; c and d: 

ICAM. a and c: normal pregnancies; b and d: preeclampsia. bar = 50micron.

Wang et al. Page 13

Am J Reprod Immunol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Transfection of miR-203 precursor results in up-regulation of miR-203 expression and 
down-regulation of SOCS-3 expression in endothelial cells
A: miR-203 expression was dramatically increased in endothelial cells transfected with pre-

miR-203. U6 expression was determined as internal control for each sample. Lane 1–3: 

control cells were transfected with pre-mir control and lane 4–6: cells were transfected with 

pre-miR-203.

B: The upper sequences show the miRNA response elements (MREs) of miR-203 to the 3′ 
UTR of SOCS-3 mRNA that was predicted by TargetScan and miRBase Target. Red lined 
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indicates the “seed” regions. The blot shows that SOCS-3 protein expression in endothelial 

cells transfected with pre-miR-203 at 24, 48, and 72hrs compared to untransfected control 

cells (C). Down-regulation of SOCS-3 expression was time-dependent in endothelial cells 

transfected with pre-miR-203. The bar graph was expressed as mean ± SE from 4 

independent transfection experiments. * p<0.05: pre-miR-203 transfected cells vs. C. 

Statistical analysis was done by ANOVA and Newman-Keuls test was used as post hoc tests.
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Figure 3. Increased IL-6, IL-8, and ICAM expression and production, and increased neutrophil-
endothelial adhesion in endothelial cells transfected with pre-miR-203
A: mRNA expression for IL-6, IL-8, and ICAM was increased in endothelial cells 

transfected with pre-miR-203 compared to control cells. Lane 1–3: control cells transfected 

with pre-miR control and lane 4–6: cells transfected with pre-miR-203.

B: Consistent with mRNA expression, IL-6, IL-8, and ICAM production was also 

significantly increased in cells transfected with pre-miR-203 compared to cells transfected 

with pre-miR controls. In this experiment, medium was changed 40hrs after transfection and 

newly added medium was then collected at 2, 4, and 8hrs and medium concentrations for 

IL-6, IL-8, and ICAM were measured by ELISA. IL-6, IL-8 and ICAM production was 

time-dependent increased in cells with or without pre-miR-203 transfection. However, cells 

transfected with pre-miR-203 produced significantly more IL-6, IL-8 and ICAM than cells 

transfected with control pre-miR. Data are presented as means ± SE from 6 independent 

experiments, * p<0.05 and ** p<0.01: pre-miR-203 transfected cells vs. control cells at each 

time point (tested by paired t-test). ˆ p<0.05 and ˆˆ p<0.01: control cells at 8hrs vs. 2hrs, and 
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## p<0.01: pre-miR-203 transfected cells at 4hrs or 8hrs vs. 2hrs (tested by ANOVA and 

Newman-Keuls test was used as post hoc tests), respectively.

C: MPO activity in endothelial cells transfected with pre-miR-203 with or without TNFα 
stimulation. Cells transfected with pre-miR control served as control. Neutrophil-endothelial 

adhesion was significantly increased in cells transfected with pre-miR-203 and further 

increased when TNFα was present in the culture. Data are expressed as mean ± SE from 3 

independent experiments each in triplicate. * p<0.05 and ** p<0.01: pre-miR-203 

transfected cells vs. controls; # p<0.05: pre-miR-203 transfected cells treated with TNFα vs. 

without TNFα treatment (by paired t-test), respectively.
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Figure 4. Reduction of ICAM and VCAM expression and neutrophil-endothelial adhesion in 
endothelial cells transfected with SOCS-3 gene
A: SOCS-3 protein expression is increased in ECs transfected with SOCS-3 gene compared 

to control cells. Total cellular protein was collected 48hrs after transfection.

B: Adhesion molecule ICAM and VCAM expression in ECs with or without transfection of 

SOCS-3 gene. Cells transfected with SOCS-3 expressed less ICAM and VCAM compared 

to the control cells, Data are presented as means ± SE from 4 independent experiments, ** 

p<0.01: SOCS-3 transfected cells vs. control cells.
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C: Neutrophil-endothelial adhesion assessed by MPO activity in ECs with or without 

transfection of SOCS-3 gene. Data are presented as means ± SE from 4 independent 

experiments. In control cells, MPO activity was dose-dependently increased in cells treated 

with TNFα, ˆ p < 0.05 and ˆˆ p < 0.01: cells treated with TNFα vs. untreated cells. Data was 

analyzed by ANOVA with Student-Newman-Keuls test as post hoc test. MPO activity was 

significantly reduced when cells were transfected with SOCS-3 gene compared to the 

control cells treated with same dose of TNFα, * p<0.05 and ** p<0.01, respectively. Paired 

t-test was used for data analysis. MPO activity was not statistically significant in cells 

transfected with SOCS-3 with or without treatment of TNFα (analyzed by ANOVA).

Wang et al. Page 19

Am J Reprod Immunol. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wang et al. Page 20

Table 1

Clinical information of study subjects from which maternal vessels were examined in the study

Variables Normal (n=5) Preeclampsia (n=5) p value

Maternal age (years) 29 ± 7 (20–37) 26 ± 5 (20–33)  0.4633

Racial Status

 White 1 0 ND

 Black 3 5 ND

 Other 1 0 ND

BMI 35 ± 11 (23–51) 34 ± 8 (26–44)  0.8683

Blood Pressure (mmHg)

 Systolic   113 ± 11 (101–130) 164 ± 15 (148–182) 0.0003

 Diastolic 70 ± 7 (60–78) 102 ± 7 (93–113)    <0.0001  

Primigravida 0 4 ND

Proteinuria N/A 1 – 4+ ND

Uric acid N/A 6.7±1.9 (4.1–9.4) ND

Gestational Age

 at delivery (weeks)     37+3 ± 2+2 (34+3–39+5) 31+6 ± 3+4 (28–36+2) 0.0317

Data are expressed as mean ± SD (range). ND: not determined.
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Table 2

Primer sequences used in the study

Gene Name Primer Sequences Accession #

miR-203a-3p Forward: 5′-GTGAAATGTTTAGGACCAC-3′ MIMAT0000264

Reverse: 5′-GAACATGTCTGCGTATCTC-3′

U6 Forward: 5′-CTCGCTTCGGCAGCACAT-3′ NR_004394.1

Reverse: 5′-TTTGCGTGTCATCCTTGCG-3′

IL-6 Forward: 5′-AAAGAGGCACTGGCAGAAAA-3′ NM_000600

Reverse: 5′-AGCTCTGGCTTGTTCCTCCTCAC-3′

IL-8 Forward: 5′-TCTGCAGCTCTGTGTGAAGG-3′ NM_000584

Reverse: 5′-ACTTCTCCACAACCCTCTGC-3′

ICAM-1 Forward: 5′-GCTTTCCGGCGCCCAACGTGATTCTGA-3′ NM_000201

Reverse: 5′-ACTCACACAGGACACGAA GCTCCCGGGTCT-3′

GADPH Forward: 5′-CAAAAGGGTCATCATCTCTGC-3′ NM_002046

Reverse: 5′-AGTTGTCATGGATGACCTTGG-3′

Am J Reprod Immunol. Author manuscript; available in PMC 2017 December 01.


	Abstract
	Introduction
	Materials and Methods
	Sample collection
	Detection of miR-203 expression by in situ hybridization (ISH)
	Immunohistochemistry
	Endothelial isolation and culture
	Pre-miR-203 transfection
	Protein expression
	Endothelial IL-6, IL-8, and ICAM production
	Myeloperoxidase (MPO) assay for neutrophil-endothelial adhesion
	Construction of SOCS-3/ZsGreen1 GFP vector
	SOCS-3 gene transfer
	Endothelial surface molecule ICAM and VCAM expression
	Statistical Analysis

	Results
	Endothelial miR-203 expression is increased in preeclampsia
	Over-expression of miR-203 results in down-regulation of SOCS-3 expression in endothelial cells
	Over-expression of miR-203 promotes endothelial inflammatory response
	SOCS-3 decreases endothelial inflammatory response

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2

