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Significance of fibronectin 1 expression in gestational hypertension and its effect  on human umbilical vein endothelial cells 
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Abstract Objective To explore the role of fibronectin 1(FN1) in hypertensive disorder complicating pregnancy(HDCP) and human umbilical vein endothelial cells(HUVECs). Methods Plasma FN1 of 80 HDCP women and 40 healthy pregnancy were detected by ELISA and its correlation with the clinical data of HDCP were analyzed. Lentivirus vectors was transfected into HUVECs to induce the overexpression of FN1. The levels of proinflammatory cytokines TNF-ɑ, IL-6 were determined by ELISA and the activity of MMP9 and MMP2 were detected by Gelatin zymography assay. Apoptosis rate was analyzed by TUNEL, and Ad-mCherry-GFP-LC3 was transfected to observe the autophagy. The expression of IKK-α, p-P65, nuclear P65, EMT marker proteins: α-SMA, E-Cadeherin, Bcl2, Bax, caspase-9, autophagy marker proteins:LC3Ⅱ, ATG5 and BENC1were detected by western blot. Results Plasma FN1 in HDCP patients was high expressed and it was increased with the development of HDCP. Overexpression of FN1 increased the expression of TNF-α, IL-6, IKK-α, p-P65, nuclear P65, α-SMA and E-Cadeherin and the activity of MMP9 and MMP2. Overexpression of FN1 induced apoptosis, upregulated the expression of caspase-9, Bax, and downregulated Bcl-2. Overexpression of FN1 upregulated the expression of LC3Ⅱ, ATG5 and BENC1, induced autophagosome formation and inhibited autophagic degradation. MHY1485 could activate mTOR, to reverse the induction of autophagy caused by overexpression of FN1. Conclusion Plasma FN1 was related to the pathogenesis and progress of HDCP. Overexpression of FN1 in HUVECs increased the inflammation, induced the degradation of ECM, EMT and apoptosis, induced autophagosome formation and inhibited autophagic degradation by inhibiting activation of mTOR. 
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1 | Introduction

Hypertensive disorder complicating pregnancy(HDCP) is a common but severe complication, which is characterized by hypertension, proteinuria and edema.[1] As an idiopathic disease in pregnancy, HDCP’s incidence is 9.4% in Chinese pregnancies and severely threaten the life and health of the pregnant women and newborns. [2, 3]Despite numerous studies have been conducted, the pathogenesis of HDCP is not fully known yet.But most of researchers believed that it involves in a multiplicity of complex factors related to trophoblastic cell invasion, oxidative stress, inflammatory cytokines, and endothelial dysfunction,[4]and the vascular endothelial injury and dysfunction has also been found to be important for the pathogenesis of HDCP.[5]
Fibronectin 1(FN1), as a major component of the vascular basement membrane and extracellular matrix, is widely distributed in plasma and smooth-muscle cell layer, and mainly synthesized by vascular endothelial cells and fibroblast cells.[6] Studies have reported that plasma FN1 is elevated in preeclamptic women, which could be used as valuable marker for the prediction of HDP and preeclampsia.[7, 8] Earlier researches have verified that elevated plasma FN1 was a possible biochemical marker for vascular endothelial injury in preeclampsia and it was also found to be strongly associated with the vascular endothelial injury and dysfunction.[9] However, there was less report about the role and mechanism of FN1 in vascular endothelial cells.

In this study, the levels of plasma FN1 in pregnant women with HDCP were detected to analyze the relationship between plasma FN1 and the pathogenesis and progress of HDCP. Then though over-expressing the FN1 in human umbilical vein endothelial cells(HUVECs), to explore the  role and mechanism of FN1 in HUVECs was explored.
2 | Materials and Methods

2.1 | Objects

80 pregnant women who diagnosed as HDCP in the obstetrics and gynecology department of Henan Provincial People’s hospital, from Jan,2016 to Jan, 2019 were collected as the HDCP group, which included 29 patients with pregnancy hypertension(PH), 30 patients with mild preeclampsia(MP) and 21 patients with severe preeclampsia(SP). Inclusion criteria for subjects were as follows: 1. Met the diagnostic criteria specified in Diagnosis and Treatment Guidelines on Hypertensive Disorders of Pergnancy[10]; 2. Singleton pregnancy; 3. Ages>18 years old; 4. Gestational periods was 20-34 weeks; 5. No medical history of other pregnancy complications, and liver or renal diseases. 40 healthy pregnant women who gestational periods was 20-34 weeks were randomly collected as the control group. The basic data from all participants, including ages, gestational periods, body mass index(BMI), systolic blood pressure(SBP), diatolic blood pressure(DBP),24h urine protein were recorded. There was no difference in ages, gestational periods and BMI between the two groups. All participants signed the informed consent and the study was approved by the ethical committee of Henan Provincial People’s Hospital.

2.2 | Cell culture

Human Umbilical Vein Endothelial Cells(HUVECs) were purchased from Shanghai Cell Bank of the Chinese Academy of Science. All cells were cultured in EGM-2 medium(Gibco, USA) supplemented with 10% fetal bovine serum(FBS, Gibco, USA) in an incubator at 37℃ with 5% CO2。

2.3 | Transfection

The lentivirus vectors overexpression of FN1(pcDNA3.0-FN1) and the corresponding negative control(pcDNA-puro) were purchased from GenePharma(Shanghai, China). The HUVECs at logarithmic phase were seeded into 6-well plates, and divided into: ①overexpression FN1 group (FN1 group); ② negative control(NC) group; ③blank control(BC) group. The cells in FN1 and NC groups were transfected at 70% confluency using lipofectamine2000 transfection reagent(Thermo Fisher, American), with pcDNA3.0-FN1 or pcDNA3.0-puro, respectively. Stable transfected HUVECs were screened by neomycin for the follow-up experiments.

2.4 | RT-qPCR

Total RNA in cells was extracted using Trizol(Invitrogen, USA) and the cDNA was synthesized by SuperScript First Strand cDNA reverse transcription kit(Invitrogen, USA), according to the manufacturer’s instructions. Primer sequences were synthesized by Sangon Biotech(Shanghai, China) as follows: FN1, sense: 5'-GCTGACAGAGAAGATTCCCG-3', antisense: 5'-CCAGGGTGATGCTTGGAGAA-3'; GAPDH, sense: 5'-GGCCACTAGGCGCTCAC-3', antisense: 5'-CAAATCCGTTGACTCCGACC-3'. The RT-qPCR analysis were performed using Rotor-Gene SYBR Green PCR kit and the reaction conditions were performed as the follows: 95℃ for 10min, 95℃ for 10s, 60℃ for 15s, a total of 40 cycles. The relative expression of FN1 was calculated by 2-ΔΔCt method using GAPDH as an internal reference.
2.5 | Enzyme-linked immunosorbent assay (ELISA)

5mL fasting peripheral venous blood was collected from all patients. The plasma was separated by centrifugation(2000rpm with 8min) and stored at -80℃. Plasma FN1 were examined with enzyme-linked immunosorbent assay(ELISA) kits(Thermo Fisher, American), and the operations were performed according to the protocol of the manufacturers.

The culture supernate of HUVECs were collected after transfected for 48h. The level of TNF-ɑ, IL-6 in supernate were determined by ELISA kit(Thermo Fisher, American) according to the protocol of the kit, respectively.

2.6 | Gelatin zymography assay

The transfected HUVECs were collected and homogenized in lysis buffer(containing 1mM PMSF). The protein concentration was quantified using BCA methods. 40μg protein sample per lane was conducted electrophoresis in 8% SDS-polyacrylamide gel. And the gels were stained with Coomassie Brilliant Blue G250 buffer (containing 30% methanol, 10% acetic acid). The gel were washed with destaining solution (containing 5% methanol and 10% acetic acid in ddH2O). 

2.7 | Terminal-deoxynucleoitidyl Transferase dUTP Nick End Labeling (TUNEL) assay

The transfected HUVECs were seeded on coverslips placed in 6-well plates, respectively. After adherence to the dish, the cells were washed with pre-cooling sterilized PBS and fixed with 4% paraformaldehyde for 15min. After washed by PBS, the cells were treated with proteinase K solution. Then the experiment was in strict accordance with the TUNEL Assay kit-BrdU-Red (Abcam, England) instructions: TUNEL reaction solution was prepared and added into cells to incubate at 37℃ for 1h in dark. After washed by PBS, the cells in each group was staining by DAPI for 10min, and rinsed by PBS. Anti-fluorescent quenching mounting medium was added for sealing, and the cells was observed under fluorescence microscope. The pictures were taken, and in which the cells with red-blue flourescence were apoptotic cells.

2.8 | Detection of autophagosomes formation with Ad-mCherry-GFP-LC3Ⅱ 

The transfected HUVECs at logarithmic phase were grown on 24-well plates for 24h, The cells in FN1 group were treated with mTOR activator MHY1485 for another 24h. After washes, the cells were transfected with the Ad-mCherry-GFP-LC3Ⅱ adenovirus(Beyotime, China) at a MOI of 40 for 24h at 37℃. Autophagy was observed under laser scanning confocal microscope(Leica, Wezlar, Germany). LC3Ⅱ localizes in autophagosomes, emitting yellow signals(merged by mCherry and GFP fluorescence), while autophagosomes fused with lysosomes, only emitting red signals(mCherry fluorescense). Thus, the increase of both red and yellow dots indicated the activation of autophagy, while the increased of red dots meant the formation of autolysosome.[11]The autophagsomes and autolysosomes were calculated by total numbers of yellow or red dots by the number of cells in each field.

2.9 | Western blot

The total protein or nuclear protein were extracted according to the protocol in ProtoPrep® Total Extraction Sample Kit and celLyticTM nuCLEARTM Extraction Kit(Sigma, American), respectively. The concentrations were measured by BCA methods. 40μg protein was separated by 10% SDS-PAGE and transferred into polyvinylidene fluoride(PVDF) membrane (Millipore, Bedford, USA). The membranes were blocked for 1h in TBST with 5% skimmed milk and incubated with primary antibodies(Abcam, England): FN1(1:5000), IKKɑ(1:5000), P65(1:3000), p-P65(1:2000), Bcl2(1:1000),Bax(1:2000),Caspase-9(1:1000), p-mTOR(1:1000), ATG5(1:1000), BECN1(1:2000), LC3B(1:3000), a-SMA(1:300), E-Cadeherin(1:500), GAPDH(1:5000) and Histone H3(1:5000) at 4℃ for a night. The specific secondary antibodies: HRP-labeled Goat Anti-Mouse or Goat Anti-Rabbit IgG(1:10000) were incubated for 1h. The protein bands were observed using ECL detection reagent and the relative expression was calculated by Image J software with GAPDH or Histone H3 as internal references.
2.10 | Data Analysis

All data were analyzed with SPSS21.0. Measurement data was represented by[image: image1.png]|+



. The difference between the two groups were analyzed with t-test, and among multiple groups were analyzed by one way analysis of variance; The relationship among plasma FN1 and clinical parameters were analyzed using Pearson correlation. P<0.05, represented the significant difference.

3 | Results

3.1 | Plasma FN1 in pregnant women with HDCP

The level of plasma FN1 in participants were detected by ELISA and showed in Figure1. The levels of plasma FN1 in HDCP group was significant higher than that in the control group. And the levels of plasma FN1 in MP and SP pregnancy were higher than that in the PH pregnancy. The plasma FN1 increased with the development of HDCP. The results suggested that plasma FN1 was related to the pathogenesis and development of HDCP. 

3.2 | Correlation of plasma FN1 and clinical data of HDCP

The results of correlation between plasma FN1 and clinical data in pregnancy with HDCP were analyzed by Pearson analysis,which was shown in Table 1. There was significant correlation between plasma FN1 and SBP, DBP, 24h urine protein, suggesting plasma FN1 was closely related with the progression of HDCP.

3.3 | Expression of FN1 in HUVECs

The expression of FN1 in the HUVECs following transfection with the lentivirus vectors overexpression of FN1 were detected by RT-qPCR and western blot (Figure 2). The expression of FN1 mRNA and protein increased in FN1 group, suggesting FN1 was obviously upregulated in HUVECs after overexpression of FN1.

3.4 | Overexpression of FN1 enhanced inflammation and promoted activation of NF-κB 

It is reported that HIP is associated with increased systemic inflammation.[12] To explore whether FN1 had effect on the inflammation in HUVECs, the expression of inflammatory cytokines were detected. As shown in Figure3A, the levels of TNF-α, IL-6 in FN1 group were significantly higher than NC and BC groups, indicating that overexpression of FN1 enhanced the inflammation.

NF-κB pathway is closely relative with inflammation, the related protein were detected and shown in Figure 3B. The results show that the expression of IKK-α, p-P65 and P65 in nuclear increased in FN1 group, suggesting overexpression of FN1 could promote the activation of NF-κB. 

3.5 | Overexpression of FN1 increased degradation of ECM
It is well known that FN1 is a component of the extracelluar matrix (ECM).[13] So the key enzymes for degradation of extracelluar matix—MMP9 and MMP2 were detected to investigate the effect of FN1 on the ECM. The activity of MMP9 and MMP2 were further detected by gelatin zymography assay and shown in Figure 3C. The activity of MMP9 and MMP2 in FN1 group was higher than that in the NC and BC groups. The results indicated that overexpression of FN1 enhanced the expression and activity of MMP9 and MMP2 in HUVECs, increased degradation of ECM. 

3.6 | Overexpression of FN1 induced EMT in HUVECs

The expression of epithelial-mesenchymal transition (EMT) marker proteins including α-SMA, E-Cadeherin were detected by western blot to observe the effect of FN1 on phenotype transition of HUVECs (Figure 3D). It was found that the expression of α-SMA, E-Cadeherin increased in the FN1 group, suggesting overexpression of FN1 could promote EMT in HUVECs. 
3.7 | Overexpression of FN1 induced apoptosis of HUVECs

TUNEL was used to detect the effect of FN1 on the apoptosis of HUVECs and the apoptosis rate were counted(Figure 4A and 4B). It was shown that the apoptotic rate of HUVECs in FN1 group was significantly higher than that in the NC and BC groups, while there was little change between the BC group and NC group. Furthermore, the downstream marker proteins were detected by western blot and the results were shown in Figure 4C. Compared with the NC and BC groups, the expression of caspase-9, the proapoptotic protein Bax were significantly upregulated and the anti-apoptotic protein Bcl-2 was downregulated in the FN1 group. The results showed that overexpression of FN1 in HUVECs induced increase of cell apoptosis rate.
3.8 | Overexpression of FN1 induced autophagosome formation and inhibited autophagic degradation in HUVECs

To investigate whether FN1 induced autophagy in HUVECs, western blot was used to further detect the expression of autophagy marker proteins including LC3Ⅱ, ATG5 and BENC1. It is reported that the amount of LC3Ⅱ is proportional to the number of the autophagic vacuoles, ATG5 and BENC1 play a critical role in autophagosome formation.[14] The results in Figure 5 shown that compared with the NC and BC groups, the expression of LC3Ⅱ, ATG5 and BENC1 increased in the FN1 group. To ascertain whether the increase of LC3Ⅱ was due to activation of autophagic flux or blockade of autophagosome-lysosome fusion, the cells were infected with Ad-mCherry-GFP-LC3Ⅱ to observed the autophagosomes and autolysosomes formation. As shown in Figure 5A, there was only weaken GFP and mCherry signals found in the cytoplasm in NC and BC groups, and no difference on the red and yellow dots, representing diffuse LC3Ⅱ protein. While in the FN1 group, both red and yellow dots increased, and the yellow dots was higher than the red dots, suggesting autophagosome-lysosome fusion was blocked. The results indicated that overexpression of FN1 induced autophagosome formation and inhibited autolysosome formation, meant that overexpression of FN1 induced autophagy and partly inhibited the degradation process of autophagy.
3.9 | FN1 induced autophagy by inhibiting mTOR signaling pathway in HUVECs

The results of western blot showed that the expression of p-mTOR decreased in FN1 group, suggesting mTOR signaling pathway played an important role in the autophagy in HUVECs(Figure 5C). To verify whether FN1 induced autophagy through regulating mTOR, HUVECs in FN1 group were treated with mTOR activator--MHY1485 to activate mTOR, then detect the autophaosomes formation and the expression of autophagy marker protein. As shown in Figure 6, the p-mTOR increased, while the yellow dots and the expression of LC3B, ATG5 and BENC1 decreased in HUVECs in overexpression of FN1 group after treatment with MHY1485, suggesting that MHY1485 could activate mTOR, to rescue the induction of autophagy caused by overexpression of FN1. The results verified that FN1 induced autophagy in HUVECs through inhibiting mTOR signaling pathway.

4 | Discussion 

FN1 is synthesized in the endothelial cells and its elevated level may be an indicator of endothelial damage. Earlier studies have shown that maternal vascular endothelial injury is the accompanying pathology in PIH, plasma FN1 has been used in the prediction of preeclampsia.[15] Zhao et al’s research[16] indicated that changes of plasma FN1 might represent a sensitive and specific predictive marker as a first line screening tool of preeclampsia. The result of the present study further proved the above views: It was found that the level of plasma FN1 in the HDCP group was significantly higher than the control group and positively correlated with the degree of PDCH progression. 
The previous experiments found that high expression of FN1 was closely correlated with the inflammation and autophagy in rats with induced gestational hypertension. In the present study, the expression of FN1 was up-regulated in the HUVECs to explore the effect of FN1 on HUVECs from different perspectives. Al-Yafeai et al[17] found that FN1 promotes NF-κB signaling and proinflammatory gene expression in response to atherogenic mediators, such as oxLDLs. In the present study, the results also indicated that, overexpression of FN1 could increased the expression of proinflammatory cyokines: IL-6, TNF-α, and NF-κB related proteins: IKK-α, p-P65 and P65 translocation to the nuclear, suggesting overexpression of FN1 could promote the inflammation and activation of NF-κB pathway. NF-κB acts as a central mediator for the regulation of genes important in immune and inflammatory response.[18, 19]The pro-inflammatory cyokines IL-6 and TNF-α not only participate in the activation of NF-κB,[20, 21] but also induce the expression of cell adhesion molecules in vascular endothelial cells.[22] And FN1, as a component of the ECM, may also interact with other ECM proteins, such as collagen, vascular endothelial growth factor, which might serve important roles in the development of disease.[23] As type Ⅳ collagenases, MMP9 and MMP2 can degrade the extracellular matrix, which allows cells to invade local tissues, increased the permeability of blood vessels.[24] The results of the present study found that FN1 enhanced the activity of MMP9 and MMP2 in HUVECs, which might provide a explanation for the phenomenon that FN1 increased degradation of ECM. Furthermore, the expression of EMT marker proteins α-SMA, E-Cadeherin increased in the FN1 group, suggesting overexpression FN1 induced the phenotype transition of HUVECs, such as transdifferentiation of fibroblasts.

Programmed cell death(PCD) is divided into two major types: apoptosis and autophagy. Apoptosis as a well studied, conserved pathway of programmed cell death, is critically important during development process of PDCH.[25]And caspase-9 as an initiator caspase, is considered as the central executioners of the apoptotic pathway.[26] The results in this study found that overexpression of FN1 in HUVECs induced apoptosis and western blot analysis also showed that expression of caspase-9, Bax significantly increased while Bcl-2 decreased, which was changed in response to different FN1 expression. Autophagy as type-2 programmed cell death, is a conserved dynamic process of degradation and recycling of cellular components. [27]Accumulating evidence suggested that autophagy played a critical role in cell survival and its deregulation was associated with a variety of diseases such as cancer, infectious and metabolic diseases.[28, 29] In this study, the results indicated that the expression of autophagy marker protein LC3Ⅱ, ATG5 and BENC1 in FN1 group was higher than that in the BC and NC group, indicating overexpression FN1 induced autophagy. However, it is important to point out that the increase of LC3Ⅱexisted not only when the autophagosomes was increased, but also when the autophagic degradation was inhibited. To further clarify the mechanism, the transfected HUVECs were infected with Ad-mCherry-GFP-LC3B to observe the autophagosome formation and fusion with lysosome, found both red and yellow dots increased, and the yellow dots was higher than the red dots in the FN1 group, suggesting auophagosome-lysosome fusion was blocked. The results indicated that overexpression FN1 induced autophagosome formation and partly inhibited the degradation process of autophagy. In addition to, the expression of p-mTOR was downregulated after overexpression of FN1. It was reported that mTOR, as a conserved serine/threonine protein kinase, was one of the major modulator of autophagy that could be regulated by various signaling pathway.[30, 31]The further experiments were conducted to explore the mechanism of FN1 induced autophagosomes formation, and found that mTOR activator MYH1485 could upregulate the expression of p-mTOR, and inhibit autophgosomes formation, meant that MHY1485 could reverse the reduction of mTOR and the induction of autophagy caused by overexpression of FN1. Therefore it was reasonable to deduce that FN1 induced autophagy in HUVECs through inhibiting mTOR signaling pathway. 

In conclusion, plasma FN1 was closely related to the pathogenesis and progress of HDCP. Overexpression of FN1 increased the inflammation, induced the degradation of ECM, EMT and apoptosis, induced autophagosomes formation and inhibited autophagic degradation by inhibiting the activation of mTOR in HUVECs, which might provide a new theoretical basis for the vascular endothelial cells injury and dysfunction. However, the specific mechanism of FN1 promote inflammation and apoptosis still need to be further studied, to verify the conclusion of the study and lay a foundation for the injury of vascular endothelial cells and the pathogenesis of HDCP.
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Figure Legends
Figure 1 Comparison of plasma FN1 among different groups. A: Levels of plasma FN1 in pregnant women with HDCP. B: Levels of plasma FN1 pregnant women with PH, MP and SP. PH: pregnancy hypertension; MP: mild preeclampsia; SP:severe preeclampsia. Values are means±SD.  *P<0.05, compared with BC and NC groups.

Figure 2 Expression of FN1 in HUVECs after transfection. A: Expression of FN1 mRNA detected by RT-qPCR. B: Expression of FN1 protein detected by western blot. *P<0.05, compared with BC and NC groups.

Figure 3 Expression of proinflammatory cykines, NF-κB related protein and EMT marker proteins, and activity of MMP9 and MMP2. A:Levels of TNF-α, IL-6 in supernate detected by ELISA. B:Relative expression of IKK-α, p-P65 and P65 in nuclear detected by western blot; C: Gelatin zymography to analyze the activity of MMP9 and MMP2. D: Relative expression of α-SMA, E-Cadeherin detected by western blot; *P<0.05, compared with BC and NC groups; 

Figure 4 Apoptosis of HUVECs after overexpression of FN1. A: TUNEL was used to detect apoptosis of HUVECs. Scale bar: 100μm. B: Apoptosis rate of HUVECs were counted. C:Western blot analysis of apoptosis-related protein expression. *P<0.05, compared with BC and NC groups.

Figure 5 Autophagy of HUVECs after overexpression of FN1. A: Autophagosomes were detected by Ad-mCherry-GFP-LC3B labeling in HUVECs after overexpression of FN1. Scale bar: 25μm. B: The numbers of red and yellow dots per cell were counted under confocal microscope (>30cells/group); C: Western blot was used to analyze the expression of autophagy marker proteins. *P<0.05, compared with BC and NC groups.

Figure 6 MHY1485 reversed the inactivation of mTOR and induction of autophagy in FN1 group. A: Autophagosomes were detected by Ad-mCherry-GFP-LC3B labeling in FN1 group after treatment with MHY1485. B: Western blot was used to analyze the expression of autophagy marker proteins. *P<0.05, compared with FN1 group.

Tables

Table 1 The relationship between plasma FN1 and clinical data

	Indexes
	Age

(years)
	Gestational periods(months)
	BMI
	SBP

(mmHg)
	DBP

(mmHg)
	24h urine protein(g)

	Correlation coefficient
	-0.096
	0.031
	-0.030
	0.288
	0.371
	0.356

	P value
	0.398
	0.782
	0.794
	0.010
	0.001
	0.001


