

[image: Umbilical vein remodeling is associated with pregestational maternal overweight]
Umbilical vein remodeling is associated with pregestational maternal overweight





ORIGINAL RESEARCH

published: 20 December 2024

doi: 10.3389/fendo.2024.1483364

[image: image2]


Umbilical vein remodeling is associated with pregestational maternal overweight


Kamilla Batista da Silva Souza 1, Luana Caroline Hochberger 2, Felippe Egon Castrignano Camargo 1, Gabriely Santos Silva 1, Giovanna Castrignano Camargo 1, João Pedro Lourenço Mello 3, Fernanda Cristina Alcantara Dos Santos 4, Fernanda Regina Giachini 1,2,5*, Núbia de Souza Lobato 3 and Paula Cristina de Souza Souto 1,2


1 Institute of Health and Biological Science, Federal University of Mato Grosso, Barra do Garças, Brazil, 2 Araguaia Multi-User Research Center, Federal University of Mato Grosso, Barra do Garças, Brazil, 3 Academic Unit of Health Sciences, Federal University of Jataí, Jataí, Brazil, 4 Institute of Health Science, Federal University of Goiás, Goiania, Brazil, 5 Red Iberoamericana de Alteraciones Vasculares Asociadas a Transtornos del Embarazo (RIVATREM), Chillán, Chile




Edited by: 

Alicia E. Damiano, University of Buenos Aires, Argentina

Reviewed by: 

Jimena Beltrame, CONICET Centro de Estudios Farmacológicos y Botánicos (CEFYBO), Argentina

Paola Ayala, Pontifical Javeriana University, Colombia

*Correspondence: 

Fernanda Regina Giachini
 fernandagiachini@hotmail.com
 fernanda.vitorino@ufmt.br


Received: 19 August 2024

Accepted: 29 October 2024

Published: 20 December 2024

Citation:
Souza KBdS, Hochberger LC, Castrignano Camargo FE, Silva GS, Camargo GC, Mello JPL, Alcantara Dos Santos FC, Giachini FR, Lobato NdS and Souto PCdS (2024) Umbilical vein remodeling is associated with pregestational maternal overweight. Front. Endocrinol. 15:1483364. doi: 10.3389/fendo.2024.1483364






Introduction

Excess weight during pregnancy is a condition that can affect both mother and fetus, through the maternal-fetal interface, which is constituted by the placenta and umbilical cord. The umbilical vein is responsible for transporting oxygen and nutrients to the fetus, and its proper functioning depends on the integrity of its structure. The remodeling of the umbilical vein represents one of the causes of inadequate transport of nutrients to the fetus, being potentially harmful. This study aims to evaluate whether maternal overweight alters the structural characteristics of the umbilical vein.





Methods

Umbilical cords were collected from eutrophic and overweight pregnant women and were processed according to histological routine. We analyzed morphometry parameters, collagen and elastin fibers deposition, glycosaminoglycan level, and cell proliferation.





Results

Veins from overweight pregnant women were found to have greater total area, wall area, wall thickness, and diameter. There was higher collagen labeling in the perivascular region of the overweight group and a higher amount of type III collagen in the vascular smooth muscle. The proliferation of muscle and perivascular cells was higher in overweight pregnant women. A positive, although weak, correlation was observed between BMI and vessel thickness and with type III collagen deposition in vascular smooth muscle.





Discussion

With this study, we show that being overweight can structurally alter the umbilical vein, causing vascular remodeling of the vessel, through hypertrophy and hyperplasia.
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1 Introduction

Pregestational maternal obesity is associated with unfavorable maternal and fetal outcomes, also favoring the developmental programming of obesity, diabetes, and cardiovascular diseases in early and later life (1, 2). Given the high incidence of obesity affecting pregnancies worldwide, it is imperative to understand the mechanisms involving the deleterious intrauterine environment upon obesity.

The umbilical cord (UC) connects the growing fetus to the placenta, supporting an environment required for a successful pregnancy (3), while it is an easily accessible structure reflecting changes in the intrauterine environment. In this regard, the UC has become an interesting target to investigate, considering its accessibility, almost exclusive fetal derivation, and the influence of maternal and fetal circulation on this component.

The UC circulation is composed of two arteries and a unique vein, all of them surrounded by a mucoid substance known as Wharton’s Jelly (WJ). The umbilical vein carries oxygenated blood and other maternal nutrients to the fetus, while the two umbilical arteries carry low-oxygen blood and fetal metabolites to the placenta (4).

Structurally, the UC vessels display peculiar characteristics, differentiating them from most vessels in the body, since in these vessels, the tunica adventitia is replaced by perivascular cells located around the vessel, known as the perivascular Wharton’s Jelly (PVWJ). This vascular layer has a high density of components including the mesenchymal cells and extracellular matrix components (ECM), standing out type I, III, and V collagen (5), proteoglycans, glycosaminoglycans (GAGs) and elastic fibers (6). This vascular arrangement builds up a strong structure, intending to protect these vessels from compression due to fetal movements and to guarantee the essential flow of substances (7).

Several physiological or pathological conditions may elicit alterations in the vascular architecture, leading to a process known as vascular remodeling. Interestingly, obesity favors vascular remodeling in several vessels (8). The overall mechanisms involved in vascular remodeling include proliferation and differentiation of vascular smooth muscle cells (VSMCs) degradation, disruption of elastic fibers, and ECM component deposition (9, 10).

The present work was designed to evaluate whether pregestational maternal overweight modifies the umbilical vein structure, eliciting its vascular remodeling.




2 Materials and methods



2.1 Participants

This is a case-control study. Pregnant women were recruited during prenatal visits at UNIMED Hospital from Jataí, Brazil. This study was approved by the Ethical Committee of the Federal University of Jataí and all participants provided written consent. Maternal body composition was assessed between 4–10 weeks of pregnancy. Eligibility criteria included age ≧̸18 years, live newborn delivery; newborn with no fetal malformations on ultrasound and/or postnatal exam, and gestational age ≧̸ 37 weeks. Exclusion criteria included smoking, pre-eclampsia, diabetes, hypertension, artificial reproductive techniques, HIV, syphilis, infections with possible vertical transmission, and deliveries occurring outside the study hospital. The participants were grouped by their pregestational body mass index (BMI) into two groups: control (n=19), where BMI was between 18.5 and 24.9 kg/m²; and overweight (n=16), where BMI was greater than 25.0 kg/m².




2.2 Sample collection and processing

The UC samples were collected immediately at delivery, washed in phosphate buffered saline (PBS) and fixed in 4% paraformaldehyde for 24 hours. For histological analysis, the tissues were dehydrated, clarified and embedded in paraffin. Sections with a thickness of 5 μm were adhered to glass slides, deparaffinized, rehydrated and stained for morphometric measurements with hematoxylin-eosin; picrosirius for collagen deposition; resorcin-fuchsin for elastic fibers; alcian blue for glycosaminoglycans precipitation.

The collection of segments near the placental region was standardized due to the direction of fetal blood flow. The images were recorded using a light microscope with a digital camera (Nikon Eclipse E-200, Tokyo, Japan) and software (TCapture). The slides stained with picrosirius were also submitted to polarized light microscopy (Zeiss Axioskop 2). All the images were evaluated using the ImageJ software (National Institutes of Health, Bethesda, Maryland, USA).




2.3 Morphometric and histochemical analysis

Vascular measurements were defined as: total vein area (TVA), lumen area (LA), vein wall area (VWA), vein wall thickness (VWT), vein diameter (VD) and wall/lumen ratio. Three images of each vessel were obtained, and the average between them was used as the final value for that sample (40x magnification). For TVA and LA measurements, the contour of the inner and outer vessel wall was evaluated. The subtraction of these measurements (TVA - LA) resulted in the VWA. For VWT, the distance between the outer and inner border of the vessel’s muscular layer was measured in four different regions in the same vessel. The wall/lumen ratio was calculated by a simple division of wall area (mm2) and lumen area (mm2) for each sample. For the VD, two perpendicular measurements of each vein were used. Histochemical analysis of collagen, elastic fibers and glycosaminoglycans was performed by an average of ten images taken of perivascular region and smooth muscle layer (400x magnification). The tool “threshold” was used to set a limit of stain and standardize the protocol. The collagen birefringence analysis was conducted to evaluate type I and type III collagen fibers, according to the hue scale of the image, with values set from 0 to 40 for type I (yellowish red) and 40 to 120 for type III (greenish yellow) (11).




2.4 KI-67 immunohistochemistry

Deparaffinized slides were subjected to antigen retrieval with sodium citrate buffer pH 6.0 (#ab64236, Abcam, USA) at a high temperature (95°C) to expose the epitopes. Next, blocking steps were performed with human serum (1:50 in PBS/BSA 1%) and CAS-Block™ (#008120, ThermoFisher, USA). Incubation with a specific KI-67 primary antibody (#ab15580, Abcam, USA, 1:300) was performed at 4°C overnight. Anti-Rabbit IgG biotinylated secondary antibody (#ab6012, Abcam, USA, 1:250) was used. ImmunoCruz® ABC Kit (#sc-516216, Santa Cruz Biotechnology, USA) was used for signal amplification and background reduction, according to the manufacturer’s instructions. Slides were revealed using the ImmPACT™ NovaRED™ Peroxidase (HRP) Substrate kit (Vector Labs, USA). The ImageJ plugin “Cell Counter” was used to count the number of Ki67 positive cells in 10 image fields in the same region, for each sample. Images were deconvoluted using the tool “Color Deconvolution” with “Colour_1” and “Colour_2” used for cell counting and staining intensity, respectively. Then, it was measured the intensity of the staining using the tool “Threshold”, according to the instructions from the “Semi-quantitative determination of protein expression using immunohistochemistry staining and analysis (Crowe and Yue, 2019). The intensity value detected was divided by the number of cells (stained or not) from its respective field, the average was calculated for each sample and presented as percentage (12).




2.5 Data analysis

Statistical analysis was performed using GraphPad Prism 8 (Graph Pad Software Inc). Clinical characteristics and histological analysis results were described for the entire sample and represented by mean ± SEM. The distribution of the variables was tested using the Shapiro-Wilk test. Correlation analysis was performed between the variables using Pearson’s linear coefficient. Differences between groups were compared using the Student t-test (parametric data) or Mann-Whitney test (non-parametric data) and values were considered statistically significant when p < 0.05.





3 Results

The current study comprises 35 pregnant women, who attended the inclusion and exclusion criteria, divided into control (n=19) and overweight group (n=16). The mean age among mothers and gestational age were similar between groups. BMI was reduced in control compared to the overweight group (p<0.0001). The newborn’s weight and the maternal weight gain during the pregnancy were similar between groups (Table 1).


Table 1 | General data in the groups.





3.1 Morphometric measurements of umbilical vein

Morphometric measurements are shown in Table 2 and the umbilical veins from groups are represented in Figure 1. Umbilical vein morphometric analysis revealed a significant increase in total area, vein wall area, diameter and thickness in the overweight group, compared to the control. The total lumen area, the wall/lumen ratio and diameter did not show significant differences when the two groups were compared between the groups.


Table 2 | Values of umbilical cord vein morphometry analysis of control and overweight pregnant women.






Figure 1 | Representatives images of umbilical veins from control (A) and overweight (B) groups. PVWJ, Perivascular Wharton's Jelly; VSM, Vascular Smooth Muscle. H&E 40x.






3.2 Collagen and elastin deposition

Total collagen and elastin deposition was evaluated around the PVWJ and between the vascular smooth muscle (VSM) cells from the umbilical vein. Greater deposition of total collagen in the PVWJ from umbilical veins was observed in the overweight group, compared to the control. However, total collagen deposition between the VSM was similar between groups (Figure 2). Polarized microscopy was performed to access type I and III collagen quantification. In the PVWJ region, type I and III collagens were similar between groups. Interestingly, collagen III was more abundant in VSM in the umbilical veins from the overweight group, compared to the control, and no differences were observed related to type I collagen in VSM between groups (Table 3, Figure 2).




Figure 2 | Micrograph of the umbilical vein for collagen analysis in the control (A, C, E, G, I) and overweight (B, D, F, H, J) groups. In (A, C), it is possible to observe less collagen deposition (red) in the perivascular region when compared to (B, D) (Picrosirius 40x and 100x). Collagen deposition between smooth muscle cells (red), nuclei stained with hematoxylin (yellow asterisks) [(E, F), (Picrosirius 400x)]. Type I (red) and type III (green) collagen deposition in the perivascular (G, H) and vascular smooth cells (I, J) regions, under polarized light (Picrosirius 200x).




Table 3 | Collagen deposition in the perivascular Wharton’s Jelly and around Smooth Muscle Cells.



Elastin deposition was smaller between VSM from the overweight group, compared to the control. No differences were observed in elastin deposition around PVWJ from the umbilical vein (Table 4, Figure 3).


Table 4 | Elastin deposition in the perivascular Wharton’s Jelly and around Smooth Muscle Cells.






Figure 3 | Micrograph of the umbilical vein for elastin analysis in the control (A, C, E) and overweight (B, D, F) groups. In (A, C), it is possible to observe more elastin deposition (black) in the vascular region when compared to (B, D) (Resorcin-fuchsin 40x and 400x). No difference were observed in the perivascular region (E, F).






3.3 Glycosaminoglycans deposition

The distribution of GAGs was evaluated in the perivascular and smooth muscle regions of the umbilical vein (Figure 4). There was no difference in GAGs deposition between the groups, as shown in Table 5.




Figure 4 | Micrograph of the umbilical vein for glycosaminoglycans analysis in the control (A, C) and overweight (B, D) groups. Veins from the control (A) and overweight (B) groups are observed, with the glycosaminoglycans stained in blue (Alcian blue, 40x). The delimitation between PVWJ and VSM is evident in the control (C) and overweight (D) groups (Alcian blue, 100x).




Table 5 | Glycosaminoglycans deposition in the perivascular Wharton’s Jelly and around Smooth Muscle Cells.






3.4 Cell proliferation

Cell proliferation, accessed with positive labeling for the KI-67 antibody, was observed in the PVWJ and VSM from umbilical veins. In the overweight group, both regions showed a higher percentage of labeled cells when compared to the control group (Table 6), indicating greater cell proliferation in these regions in the group (Figure 5).


Table 6 | Cell proliferation in umbilical veins from control and overweight groups.






Figure 5 | Cell proliferation in the umbilical vein from control (A, C, E) and overweight (B, D, F) groups. Positive staining (red arrows) for KI-67 in the VSM (C, D) and PVWJ (E, F) regions (IHC, 400x).






3.5 BMI and fetal weight correlation

The correlation test showed a positive association between BMI and vein thickness (r=0.357; p=0.035) and type III collagen in vascular smooth muscle (r=0.567; p=0.022), as shown in Figure 2 and Table 7. Fetal weight negatively correlated with the lumen area (r=0.4038; p=0.027) and positively correlated with the wall/lumen area (r=0.4050; p=0.023), Table 8. For those other parameters, no significant correlations were found.


Table 7 | Correlations values between BMI and umbilical vein histological parameters from the control and overweight groups.




Table 8 | Correlations values between fetal weight and umbilical vein histological parameters from the control and overweight groups.







4 Discussion

In the present study, it was demonstrated that the umbilical vein undergoes extensive remodeling in overweight women, increasing the caliber of this vessel through hypertrophy and hyperplasia. Furthermore, greater collagen deposition was observed in the perivascular region, with a predominance of type III collagen in the smooth muscle region, but without changes in glycosaminoglycan deposition. Additionally, a correlation between BMI and vein thickness and type III collagen in smooth muscle was established.

The umbilical vein plays a crucial role during pregnancy, being responsible for transporting blood rich in oxygen and nutrients from the placenta to the fetus (13). This vein connects the placenta to the fetal liver, where blood is distributed throughout the fetal body through fetal circulation. This ensures that the fetus receives the nutrients and oxygen necessary for proper development (14). The blood flow in the umbilical vein is influenced by the helical pattern of the umbilical vessels (15) with an internal pressure of around 2 to 9 mmHg, with an acceleration of 10-22 cm/s. Under normal conditions, the vascular wall responds to shear stress exerted by the blood through the production of vasoactive factors and cytokines (16).

Vascular remodeling occurs as a body response to different stimuli, both physiological and pathological. This process involves changes in the structure and function of blood vessels, such as arteries and veins, and can occur because of the maternal environment, including high blood pressure (17), hyperglycemia (18) and obesity. The vascular remodeling contributes to congenital malformations and reproductive losses, but the mechanisms related to these associations are still unclear (19).

Vascular smooth muscle cells alteration is related to vascular remodeling, since they may switch from contractile to synthetic phenotype (20). This plasticity is necessary to adapt to the different conditions of the vascular tissue upon signs of stress or injury (21). Recent studies have demonstrated that the synthetic phenotype is complex and may acquire characteristics of different mesenchymal lineages, including osteoblastic, chondrocyte and adipocytic (22). This implies that local factors present in the pathological environment probably drive part of this inadequate differentiation. The phenotypic switching contributes to changes in the primary function of these cells from regulation of vessel tone, blood pressure, and blood flow through cells focused on producing extracellular matrix components, assuming a proliferative and migratory phenotype (23).

In pregnancies complicated by obesity, there may be dysregulation in proliferative control in umbilical cord cells. The percentage of cells positive for the cell proliferation marker, KI-67, was higher in the overweight group. In addition to the association with increased vessel caliber resulting from the need to adapt to the adverse environment, factors that are elevated in obesity, such as leptin, induce the proliferation of VSM cells, using the nuclear factor kappa B (NF-kB) and kinase pathways. regulated by extracellular signals (ERK) 1/2 (24). Hence, PVWJ displays some paracrine actions, and releases several substances including growth factors, cytokines, chemokines, exosomes, and microparticles (25), and in theory, these molecules may directly modulate VSM cell proliferation (26). This may occur even due to the interaction of endothelium and PVWJ, since it was demonstrated that the secretome of human endothelial cell-differentiated mesenchymal stem cell enhanced proliferation and wound healing in vivo, in a type-2 diabetes model (27). It was shown that maternal obesity negatively affects PVWJ, suggesting that epigenetic mechanisms may impact PVWJ mesenchymal stromal/stem cells since the methylation of CpG sites was enhanced in samples from obese women (27). However, new, more in-depth studies are necessary to highlight the molecular mechanisms involved in the VSM cell proliferation observed in the umbilical vein.

The presence of arterial stiffness is commonly reported during obesity, both in humans (28–30) and in murine studies (31, 32). The vascular mechanical properties are dependent on the quantity and organization of extracellular matrix components, mainly in relation to collagen and elastin (33).

Collagen is crucial to the normal function and longevity of blood vessels, providing the structure and strength necessary to withstand the demands of the circulatory system (34). Total collagen deposition was increased in the perivascular region of the umbilical vein, indicating a response to structural changes resulting from obesity, in addition to an increase in the proliferation of cells in this region. These findings are consistent with the literature, in which changes in vessel conformation in response to stress signals increase the deposition of extracellular matrix components and promote cell proliferation (35). Furthermore, type III collagen is increased in the VSM of the umbilical vein from overweight pregnant women. A similar observation was done in the umbilical vein of pregnant women with pre-eclampsia (36). Type III collagen has different characteristics from type I, as it does not have high density, its fibers are thinner and have less resistance, allowing the tissue to undergo greater distension (37). In this sense, we can infer that vascular adaptation occurs in the face of remodeling induced by excess weight, in the same way that occurs in the brachial arteries of overweight individuals (38).

A comparison between the saphenous vein and the umbilical vein showed that the first one is stiffer, considering a greater amount of elastin and collagen (39). With this information in mind, the umbilical vein from the control group showed greater stiffness than the overweight group. This fact impacts on the capacity of the vessel to influence the blood flow. In other conditions such as preeclampsia, reduced elastin expression was observed in umbilical cord veins (40). Defective elastin is associated with disorganized elastic fiber deposition and VSM proliferation, causing arterial stiffening (41, 42).

Another extracellular matrix parameter analyzed was the glycosaminoglycans distribution. These molecules form an important network for the diffusion of substances, due to their hydrophilic characteristic, facilitating vessel nutrition (43). However, these polysaccharides also have an important effect on vascular mechanics, contributing to the elastic capacity of the tissue (44). In our data, there were no differences in the number of GAGs in the vascular wall or extracellular matrix. Analysis of the umbilical vein from preeclamptic women displayed similar results (45).

The alterations mentioned above may contribute to several undesirable scenarios regarding fetal health. For example, intrauterine growth restriction may occur due to decreased umbilical vein capacity to provide oxygen and nutrients. Yet, reduced nutritional/oxygen apport elicits commitment to organ development. Yet, fibrosis can increase the risk of hypoxia in the fetus, resulting in perinatal asphyxia, and impacting neurological development (46). Another complication due to low oxygenation and undernutrition is fetal stress, a condition that may be monitored during prenatal examination, leading to interventions that include early birth (47).

Furthermore, this study has limitations associated with the number of samples and collection origin, requiring a larger cohort, with a delimitation between overweight and obesity to infer the influences of each degree separately. Furthermore, here the components of the extracellular matrix were analyzed separately, and tests that demonstrate the interaction dynamics of these components can be used to better understand these findings.

In summary, our data show that maternal excess weight structurally alters the umbilical cord vessels, opening a range of possibilities to be explored in the field of umbilical cord histopathology associated with excess weight. Our findings have clinical relevance, as the context of obesity is common among pregnant women (48).
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