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Резюме 

Белки семейства VEGF участвуют в развитии многих клеточных 

популяций: эндотелиальных клеток, моноцитов и макрофагов, стволовых 

клеток, опухолевых клеток, мышечных клеток стенок сосудов, клеток 

трофобласта и в целом любых клеток, экспрессирующих рецепторы к VEGF. 

Нарушения, затрагивающие продукцию белков VEGF и проведение сигналов 

от них приводят ко многим патологическим состояниям, в том числе к 

аномалиям развития плаценты. Клетки трофобласта являются основной 

популяцией клеток, формирующей плаценту. Они вовлечены в процессы 

секреции и рецепции VEGF, фактора, необходимого для обеспечения 

ангиогенеза. Несмотря на это, на данный момент в литературе недостаточно 

данных о влиянии проведения сигналов от VEGF в клетках трофобласта на их 

функциональные особенности. Среди клеток окружения трофобласта, которые 

могут воздействовать на их активность в ходе беременности особой группой 

являются материнские иммунные клетки, в частности NK-клетки. Принимая 

во внимание высокую численность NK-клеток в децидуальной оболочке, 

необходимо учитывать их вклад в изменение фенотипа клеток трофобласта. В 

настоящем исследовании изучалась экспрессия NK-клетками и клетками 

трофобласта белков MICA и MICB, а также рецептора CD105. Молекулы 

MICA и MICB являются маркерами стресса и позволяют судить о 

жизнеспособности клеток. Рецептор CD105 экспрессирован на поверхности 

некоторых популяций клеток и участвует в передаче сигнала от белков 

семейства TGFβ. В частности, показано, что эндоглин регулирует сигналинг 

от TGFβ путем направления сигнала через пути SMAD2/3 или SMAD1/5/8. 

Эндоглин, согласно литературе, ингибирует сигналинг, задействующий белок 

SMAD3. Играет ли эндоглин ту же роль в случае NK-клеток и трофобласта 

неизвестно. Изучение изменений в экспрессии эндоглина является актуальной 

проблемой, поскольку сигналы от TGFβ необходимы при дифференцировке 

популяций трофобласта, а нарушения в механизмах сигналинга могут 

приводить к невынашиванию. В результате исследования мы показали, что 

VEGF играет роль в регуляции активности трофобласта и естественных 

киллеров. В частности, депривация VEGF-A моноклональными антителами 

против этого цитокина при сокультивировании трофобласта и NK-клеток 

приводит к угнетению экспрессии CD105 обеими популяциями клеток. При 

этом суточная инкубация трофобласта с антителами к VEGF не вызывала 

изменений в их устойчивости к цитотоксической активности естественных 

киллеров. Вместе полученные результаты говорят о том, что депривация 

VEGF приводит к значимым изменениям в рецепции белков семейства TGFβ 

клетками трофобласта и естественными киллерами. 

 

Ключевые слова: antiVEGF, CD105, эндоглин, NK-клетки, трофобласт, 

TGFβ. 
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Abstract 

Vascular Endothelial Growth Factors (VEGFs) are a group of proteins that 

involved in the development of various cell types, including endothelial cells, 

monocytes, macrophages, stem cells, tumor cells, vascular smooth muscle cells, 

trophoblast cells, and other cells that express VEGF receptors.  Pathological 

conditions, such as abnormalities in placental development, can be caused by 

disruptions in the production and signaling of VEGFs. Trophoblast cells play a 

significant role in placental formation and are essential for angiogenesis due to their 

secretion and reception of VEGF. However, there is a lack of information in the 

literature regarding the influence of VEGF signaling in trophoblast cells on their 

functional characteristics. Maternal immune cells, particularly natural killer (NK) 

cells, have been shown to affect the activity of trophoblasts during pregnancy. Given 

the high abundance of NK cells in the decidual tissue, it is important to consider 

their potential influence on the phenotypic changes in trophoblast cells. In this study, 

we investigated the expression of MICA, MICB, and CD105 proteins by NK cells 

and trophoblast cells. MICA and MICB are stress markers that allow us to assess 

cell viability. CD105 is a receptor that is expressed on the surface of various cell 

types and plays a role in signal transmission from TGFβ family proteins. In 

particular, endoglin has been shown to regulate signaling from TGFβ by directing 

signals through the SMAD2/3 or SMAD1/5/8 pathways. According to the literature, 

endoglin inhibits signaling involving SMAD3. However, it has not yet been 

determined whether endoglin plays a similar role in NK cells and trophoblasts. The 

investigation of changes in endoglin expression is a significant issue, as signals from 

TGFβ are essential for the differentiation of trophoblast cells. Disruption of TGFβ 

signaling can lead to pregnancy complications and miscarriage.  

We have demonstrated that VEGF plays a role in regulating the activity of 

trophoblasts and NK cells. In particular, treatment with neutralizing monoclonal 

antibodies to VEGF-A resulted in inhibition of the expression of CD105, a VEGF 

coreceptor, on trophoblasts and NK cells under co-culture conditions. However, 

pretreatment of trophoblasts with anti-VEGF antibodies did not alter their resistance 

to the cytotoxic activity of NK cells. Taken together, these findings suggest that 

inhibition of VEGF signaling results in significant changes in the reception of TGFβ 

family proteins by trophoblasts and natural killer cells. 

 

Keywords: antiVEGF, CD105, endoglin, NK cells, trophoblasts, TGFβ. 
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1 Introduction     1 

Members of the VEGF family of proteins regulate vascular growth [3]. Many 2 

pathological conditions, including abnormalities of placenta development, are 3 

associated with complications in the production of VEGF proteins and the 4 

transmission of signals from them [22]. There are three types of VEGF receptors: 5 

VEGFR1, which binds VEGF-A, VEGF-B, PlGF, and VEGF-F; VEGFR2, which 6 

binds VEGF-A, VEGF-E, VEGF-C, and VEGF-D; and VEGFR3, which binds 7 

VEGF-C and VEGF-D [28]. These receptors cause the activation of different 8 

signaling pathways in cells. The activation of VEGFR1 and VEGFR2 receptors is 9 

involved in the process of angiogenesis, both physiological and pathological, while 10 

VEGFR3 regulates the process of lymphangiogenesis [39]. 11 

Speaking about the participation of VEGFR1 and VEGFR2 in the regulation of 12 

angiogenesis, it should be noted that VEGFR2 plays a primary role in the activation 13 

of many processes in cells related to proliferation, migration and blood vessel 14 

formation. However, the involvement of VEGFR1 in these processes cannot be 15 

denied either, since experiments with the deletion of the murine gene encoding 16 

VEGFR1 resulted in pathological vascular development and the embryonic death [5, 17 

11]. It has been shown that VEGFR1 has a much higher affinity for VEGF-A 18 

compared to VEGFR2. However, the level of phosphorylation of VEGFR1 after 19 

activation is lower than that of VEGFR2, which could explain the more active 20 

participation of VEGFR2 in the regulation of angiogenesis [17, 44]. Another 21 

characteristic of VEGFR1 is the existence of a soluble form of the receptor, sFlt1, 22 

which has an affinity for A-VEGF that is comparable to that of the membrane form 23 

[20]. Since increased VEGFR1 expression leads to a decrease in the concentration 24 

of VEGF-A available to bind to VEGFR2, VEGFR1 is thought to act as a regulator 25 

of signal transduction through VEGFR2 [26].   26 

VEGF is involved in the development of various cell types, including endothelial 27 

cells, monocytes, macrophages, stem cells, tumor cells, vascular smooth muscle 28 

cells, trophoblast cells, and any other cells that express VEGF receptors [10, 28, 36]. 29 

VEGFR1 is also expressed by NK cells [6]. Many studies have shown high levels of 30 

VEGF-A expression in the placenta, particularly in macrophages, endometrial 31 

glandular cells, leukocytes, endothelial cells, vascular smooth muscle cells, in 32 

villous and extravillous trophoblasts, and in NK cells [8, 18, 19, 36, 37]. Disruption 33 

of VEGF signaling has been shown to be associated with pregnancy complications. 34 

For example, an increase in the concentration of sFlt1 in serum is a sign of 35 

preeclampsia, as it competes for VEGF binding with membrane VEGF receptors [7, 36 

26, 51]. In addition, the intensity of VEGFR1 expression by syncytiotrophoblasts 37 

was found to be increased in cases of preeclampsia, compared to healthy pregnancies 38 

[51]. 39 

Maternal immune cells, particularly NK cells, are an important group of cells in the 40 

trophoblast microenvironment. During the first trimester, this cell population 41 

accounts for approximately 70% of all leukocytes within the decidua, highlighting 42 
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the significance of their functions [1]. NK cells play a crucial role in the 43 

transformation of uterine spiral arteries and the regulation of trophoblastic invasion 44 

into the uterine mucosa [33, 48]. As already mentioned, both trophoblasts and NK 45 

cells have receptors for VEGF and are capable of secreting VEGF. Therefore, they 46 

are able to regulate each other's activity in an autocrine and paracrine way.  47 

The interaction between NK cells and trophoblasts is one of the key factors 48 

supporting the pregnancy, as these cells are involved in the development of placental 49 

tissue. In this regard, the investigation of interactions mediated by both secretory 50 

products and receptors of trophoblasts and NK cells is of great importance. In 51 

particular, in the field of reproductive medicine, a lot of studies have been focused 52 

on the synthesis and reception of VEGF, a factor necessary for angiogenesis. 53 

However, despite this, there are currently insufficient data in the literature on the 54 

effect of VEGF on the functional characteristics of these cells [38]. Therefore, the 55 

aim of this study was to evaluate the role of VEGF in maintaining the viability of 56 

trophoblast and NK cells. To achieve this goal, bevacizumab was used. It is an 57 

antibody that binds to the VEGF-A and prevents it from binding to its receptors [32]. 58 

Bevacizumab is already widely used to treat choroidal neovascularization and 59 

diabetes complications [30], as well as various tumors and other abnormal 60 

angiogenesis-related conditions [12, 16, 34]. In this study, we investigated the 61 

surface markers of NK cells and trophoblasts, specifically the MICA and MICB 62 

proteins. These proteins function as stress markers and help determine cell viability. 63 

Additionally, we studied the CD105 receptor, which is expressed on endothelial 64 

cells, trophoblasts, and other cell types. This receptor plays a role in the transmission 65 

of signals from TGF-β family proteins [23].  66 

It has been demonstrated that signals from TGFβ play a crucial role during 67 

placentation as they are essential for the differentiation of trophoblast populations 68 

[15, 49]. Disruptions in signaling pathways can lead to pregnancy loss [45]. Using 69 

an endothelial cell model, it has been shown that endoglin regulates TGFβ signaling 70 

by directing the signal via the SMAD2/3 or SMAD1/5/8 pathways. Signaling along 71 

the SMAD1/5/8 pathway promotes proliferation and migration of endothelial cells, 72 

thereby stimulating angiogenesis. In contrast, activation of the SMAD2/3 pathway 73 

has an anti-angiogenic effect [23]. Endoglin, according to the literature, inhibits the 74 

signaling pathway involving the SMAD3 protein [14]. Whether endoglin plays a 75 

similar role in NK cells and trophoblasts is currently unknown. However, it has been 76 

demonstrated that SMAD proteins, which are involved in these signaling pathways, 77 

are active in trophoblast cells [4, 47], and only SMAD2/3 have been identified in 78 

NK cells [50]. 79 

2 Materials and Methods  80 

2.1 Cell lines  81 

The study was conducted using the JEG-3 and NK-92 cell lines (ATCC, USA), 82 

which reflect the main characteristics of extravillous trophoblasts and natural killer 83 
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cells, respectively [13, 21]. The cells were cultured according to the manufacturer's 84 

instructions (ATCC, USA). Recombinant IL-2 (‘Roncoleukin’, BIOTECH, St. 85 

Petersburg, Russia) was used as a growth factor for the NK-92 cells. Cell viability 86 

in all experimental settings was assessed using trypan blue staining. The viability 87 

was at least 95% for each experiment.  88 

2.2 Inductors 89 

Antibodies to VEGF (5000 nM, Avastin, F. Hoffmann – La Roche Ltd., Switzerland, 90 

Germany) were used as inducers.  91 

2.3 Assessment of the phenotype of JEG-3 and NK-92 cells after incubation 92 

in the presence of anti-VEGF antibodies 93 

JEG-3 cells were cultured in 5 mL of medium in 25 cm² flasks (BD, USA) with a 94 

density of 1×10⁶ cells, for 48 hours. After this period, 1.5×10⁶ NK-92 cells were pre-95 

treated with carboxyfluorescein diacetate succinimidyl ester (CFSE), in accordance 96 

with the manufacturer’s instructions (Sigma-Aldrich, USA). The cells were then 97 

added to part of the flasks. NK-92 cells, stained with CFSE, and intact JEG-3 cells 98 

were used as controls. After that, the mono- and co-cultured cells were treated with 99 

antibodies to VEGF. After a 22-hour incubation period, the JEG-3 cells were 100 

removed from the flasks using a scraper without using a trypsin-versene solution. 101 

The cells were treated with Fc-block reagent (Miltenyi Biotec, Spain) and 102 

monoclonal antibodies against CD94, CD45, CD105, MICA, MICB, NKG2D, and 103 

NKG2A (R&D, BD, USA) in accordance with the manufacturer's instructions. 104 

Appropriate isotypic antibodies (R&D, BD, USA) were used as a control for non-105 

specific binding. The expression of the markers and cell fluorescence intensity were 106 

evaluated using a FacsCantoII flow cytometer (BD, USA). There were four 107 

biological replicates with one technical replicate for each experiment.  108 

2.4 Assessment of the cytotoxic activity of NK-92 cells toward JEG-3 cells 109 

The cytotoxic activity was assessed as described previously [29]. JEG-3 cells were 110 

cultured in a flask at a concentration of 2.5 × 10^5/10 mL of medium. After 2 hours, 111 

antibodies to VEGF were added to the flask. After culturing for 22 hours, the JEG-112 

3 cells were washed and stained with a CASE solution following the manufacturer's 113 

instructions (Sigma-Aldrich, USA). The stained JEG-3 cells were removed from the 114 

flasks using trypsin and versene solution and then transferred to the wells of a 96-115 

well round-bottom plate (BD, USA). Next, NK-92 cells were added to the wells 116 

containing JEG-3 cells at a 10:1 ratio (effector:target). The plate was then 117 

centrifuged for 5 minutes at 100 g. After 4 hours of incubation, the cells were stained 118 

with a propidium iodide solution according to the manufacturer's instructions 119 

(Sigma-Aldrich, USA). The percentage of dead JEG-3 cells was assessed using a 120 

FacsCantoII flow cytometer (BD, USA) following a previously described gating 121 

strategy [29]. There were three biological replicates and two technical replicates in 122 

each experiment.  123 
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2.5 Statistical analysis 124 

GraphPad Prism 8 software was used for statistical analysis. Statistical comparisons 125 

between groups were conducted using a non-parametric Mann-Whitney U test. 126 

Differences were considered significant at p < 0.05. 127 

3 Results 128 

3.1. The expression of MICA and CD105 proteins by JEG-3 cells was altered 129 

in the presence of antibodies to VEGF and NK-92 cells 130 

Analysis of the phenotype of JEG-3 cells revealed that approximately 12% of the 131 

cells express the MICB molecule, approximately 16% express MICA, and 18.5% 132 

express the CD105 receptor (Figure 1A). 133 

The co-culture of JEG-3 cells with NK-92 cells, compared to monoculture, resulted 134 

in a two-fold increase in the percentage of JEG-3 cells expressing the CD105 135 

receptor. The percentage of JEG-3 cells expressing MICA and MICB molecules 136 

remained unchanged under these conditions. Analysis of the mean fluorescence 137 

intensity after co-culture with NK-92 cells compared to monoculture showed no 138 

change in the expression intensity of MICA, MICB, and CD105 proteins by JEG-3. 139 

Analysis of the JEG-3 cells phenotype after its co-culture with NK-92 cells in the 140 

presence of antibodies to VEGF showed a decrease in the percentage of JEG-3 cells 141 

expressing MICA and CD105 proteins compared to the baseline level during co-142 

cultivation, The percentage of JEG-3 cells expressing the MICB receptor remained 143 

unchanged (Figure 1A). 144 

Co-culture of JEG-3 cells with NK-92 cells, as well as treatment with antibodies to 145 

VEGF, did not affect the intensity of expression of MICA, MICB, and CD105 146 

proteins by the cells (Figure 1B). 147 

3.2. The phenotype of NK-92 cells was affected by the presence of antibodies 148 

to VEGF and JEG-3 cells 149 

Analysis of the NK-92 cell phenotype has revealed that the entire population of 150 

studied cells expresses the NKG2D receptor on their surface and approximately 75% 151 

express the CD94 receptor. Additionally, the MICA protein has been found to be 152 

expressed on 1.5% of the cells, the MICB protein on 10.5%, and the CD105 protein 153 

on 26% (Figure 2). 154 

When co-cultured with JEG-3 cells, NK cells reduced the expression level of CD94, 155 

compared to the level observed during monoculture, including in the presence of 156 

antibodies to VEGF. On the contrary, the percentage of NK-92 cells expressing the 157 

MICA protein increased under conditions of co-culture compared with monoculture. 158 

The percentage of NK-92 cells expressing NKG2D, MICB, NKG2A, and CD105 159 

molecules under co-culture conditions did not change compared to monoculture 160 

(Figure 2). The cultivation of NK-92 cells in the presence of antibodies to VEGF led 161 

to a decrease in the number of cells expressing the CD105 receptor (Figure 2).  162 
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Co-culture of NK-92 cells with JEG-3 cells showed an increase in the intensity of 163 

expression of NKG2D, CD94, and CD105 receptors by NK-92 cells compared to 164 

monoculture. The results indicate functional activation of NK cells in the presence 165 

of target cells. Additionally, the intensity of expression of MICA and MICB proteins 166 

by NK cells also increased under co-culture conditions (Figure 3). Treatment of NK 167 

cells with antibodies to VEGF, both in mono- and coculture, leads to a decrease in 168 

the intensity of expression of the CD105 receptor (Figure 3). This result may suggest 169 

changes in TGFβ signaling in the absence of VEGF. 170 

3.3 Pretreatment of JEG cells with antibodies to VEGF did not affect their 171 

survival in the presence of NK cells 172 

Analysis of the cytotoxic activity of NK-92 cells toward JEG-3 cells showed that, in 173 

the presence of NK cells, the mortality rate of JEG-3 was higher than the baseline 174 

mortality rate. Pretreatment of JEG cells with antibodies to VEGF did not influence 175 

their viability in the presence of NK cells (Figure 4).  176 

4 Discussion 177 

Trophoblast cells and natural killer cells are important participants in the process of 178 

placentation. Both cell populations are capable of secretion and reception of VEGF. 179 

Previously, it has been found that VEGF affects the proliferation and survival of 180 

trophoblast cells [51]. VEGF also induces activation of NK cells adhesion [27]. 181 

Nevertheless, there is a lack of data in the literature on the role this factor plays in 182 

the cell activity. In this regard, we evaluated changes in the phenotype of JEG-3 183 

trophoblast and NK-92 natural killer cells after their mono- or co-culture in the 184 

presence of antibodies to VEGF. 185 

In this study, the expression of CD105, MICA, and MICB proteins was evaluated. 186 

Endoglin (CD105) is a coreceptor for TGFβ which regulates signal transmission 187 

from this factor via the SMAD2/3 or SMAD1/5/8 pathways [23, 24]. In particular, 188 

endoglin has been shown to activate signaling involving SMAD1/5/8 proteins and 189 

inhibit SMAD2/3 pathway [14, 35]. In endothelial cells, it has been demonstrated 190 

that signaling through the SMAD1/5/8 pathway promotes proliferation and 191 

migration of the cells, whereas activation of the SMAD2/3 pathway has an 192 

angiostatic effect [23]. Therefore, a high level of endoglin expression may indicate 193 

a more active transmission of signals through SMAD1/5/8 proteins compared to 194 

SMAD2/3. MICA and MICB are stress-induced molecules that are expressed by 195 

various cell populations, including immune cells [41]. An increase in the expression 196 

of these proteins was observed in tumor cells. MICA/B transcripts have been found 197 

in placental samples. The levels of mic mRNA are higher in samples taken from 198 

patients with preeclampsia compared to those from healthy patients. [2, 42]. The 199 

analysis of the levels of expression of these markers allows us to assess the 200 

physiological state of trophoblast cells and monitor the conditions under which they 201 

experience stress. 202 
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In this work, we showed that JEG-3 trophoblast cells express all three markers. 203 

Under conditions of co-culture with NK cells, the number of trophoblast cells 204 

expressing endoglin increased. This result suggests a possible increased role for 205 

endoglin in mediating the transmission of TGFβ signals in trophoblast cells in the 206 

presence of natural killer cells. It also suggests a potential alteration in signaling 207 

pathways, from the SMAD2/3 pathway to the SMAD1/5/8, which may activate 208 

trophoblast proliferation. The treatment of the cell co-culture with antibodies to 209 

VEGF led to a decrease in the level of endoglin expression by trophoblasts to the 210 

initial level observed during monoculture. At the same time, under monoculture 211 

conditions, the endoglin level remained constant regardless of the presence of 212 

antibodies to VEGF. Apparently, TGFβ signaling is regulated by VEGF and its 213 

absence in the cell co-culture prevents the changes that occur in trophoblast cells 214 

when they are exposed to NK cells. It has also been shown that activation of 215 

SMAD2/3 in trophoblast cells leads to the secretion of VEGF-A [25]. Based on this, 216 

it can be assumed that trophoblast cells use the mechanism of suppression of CD105 217 

expression in order to activate VEGF secretion.  218 

Later, we evaluated how treatment of trophoblast cells with antibodies to VEGF 219 

affected their survival in the presence of natural killer cells. NK cells successfully 220 

killed trophoblast cells, however, treatment with the antibodies did not cause any 221 

changes in the resistance of trophoblast cells to the cytotoxic activity of NK cells. 222 

The results obtained suggest that VEGF deprivation leads to the previously 223 

described effects associated with changes in signal transduction from TGFβ in 224 

trophoblast cells only when they are co-cultured with natural killer cells. 225 

Not only NK cells are able to influence the activity of trophoblast, but trophoblast 226 

cells also play a role in placentation by activating various mechanisms that regulate 227 

NK cell function. [40, 43, 46]. Taking this into account, we evaluated the effect of 228 

trophoblast cells and VEGF antibodies on the expression by NK cells of the 229 

activating NKG2D receptor (whose ligands are MICA/B molecules), CD94 receptor 230 

(whose ligand is the HLA-E molecule expressed by trophoblast), as well as MICA, 231 

MICB, and CD105 proteins. The analysis showed that treatment with the antibodies 232 

caused a decrease in the expression of CD105 by NK cells in both mono- and co-233 

culture conditions. Since there is no data in the literature on the existence of the 234 

SMAD1/5/8 pathway in NK cells, it can be assumed that the treatment with 235 

antibodies to VEGF leads to a decrease in the role of endoglin in signaling from 236 

TGFβ. As a coreceptor, endoglin not only directs signals from TGFβ, but also 237 

regulates the strength of the binding between receptor and other proteins of TGFβ 238 

family, such as activin A, BMP-2, -7, -9, and -10, which are also able to affect the 239 

cell functions. [31]. 240 

Treatment with antibodies to VEGF did not affect the expression of the other studied 241 

markers by NK cells. Evaluation of the phenotype of NK cells showed that they 242 

expressed NKG2D at a high level, both when mono- and co-cultured with 243 

trophoblast. Evaluation of the phenotype of NK cells showed that they expressed 244 
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NKG2D at a high level, both when mono- and co-cultured with trophoblast. In 245 

addition, the intensity of expression of this receptor increased upon co-culture 246 

conditions, suggesting that NK cells activate the NKG2D-MICA/B pathway when 247 

performing cytotoxic functions. As for the CD94 receptor, there was a decrease in 248 

the number of cells expressing this receptor following co-culture with trophoblast 249 

cells. However, the intensity of its expression increased, which may indicate the 250 

differentiation of NK cell populations under the influence of factors secreted by 251 

trophoblast cells. This results in the formation of cells that are more sensitive to the 252 

HLA-E ligand on the surface of trophoblast cells. [9, 29]. With regard to MICA/B 253 

markers, it has been observed that their expression in NK cells was increased under 254 

co-culture conditions. This is likely due to the cells undergoing a stress response. 255 

Thus, VEGF plays an important role in regulating the activity of trophoblasts and 256 

natural killer cells. In particular, the lack of VEGF-A during trophoblast and NK cell 257 

co-culture leads to inhibition of CD105 expression by trophoblast cells, which can 258 

lead to activation of SMAD2/3 signaling pathways in cells that inhibit cell 259 

proliferation. At the same time, treatment of trophoblast cells with antibodies to 260 

VEGF for 22 hours did not cause changes in their resistance to the cytotoxic activity 261 

of natural killer cells. This suggests that antibodies to VEGF have an inhibitory 262 

effect on trophoblast cells only when they are co-cultured with NK cells. In addition, 263 

the isolation of VEGF using antibodies caused a decrease in the level of expression 264 

of CD105 by NK cells. This indicates that, in the absence of VEGF, the role of this 265 

coreceptor in TGFβ signaling decreases. Since the existence of the SMAD1/5/8 266 

pathway in NK cells has not been established, it is possible that in the absence of 267 

endoglin, the sensitivity of these cells to other TGF family proteins, such as activin 268 

A and BMP-2, 7, 9, and, 10, may change. Together, the results indicate that VEGF 269 

deprivation causes significant changes in the reception of TGFβ family proteins by 270 

trophoblast cells and natural killer cells. In addition, the data obtained provide an 271 

experimental basis for the search for new diagnostic methods in certain forms of 272 

obstetric pathology, particularly preeclampsia. In this condition, the assessment of 273 

VEGF levels and its functional antagonists, sFlt and endoglin, is of great importance 274 

in understanding the pathogenesis of the disease. 275 

This research was supported by the Fundamental Scientific Research project № 276 

122041500062-5, "Optimization of methods for predicting, preventing, and treating 277 

'large obstetric syndromes' and delivery strategies for pregnant women in high-risk 278 

groups to improve obstetrical and perinatal outcomes", conducted at the FSBSI 279 

Research Institute of Obstetrics, Gynecology, and Reproductology, named after 280 

D.O. Ott, St. Petersburg, Russia. 281 

Author Contributions:  282 

Conceptualization, D.S.; methodology, E.T., E.D., O.M.; validation, E.T., D.S.; 283 

formal analysis, E.T., D.S.; investigation, E.T.; resources, D.S. and S.S.; data 284 

curation, D.S.; writing — original draft preparation, E.T., D.S.; writing — review 285 

and editing, S.S.; visualization, E.T., D.S.; supervision, D.S.; project administration, 286 



ANTIVEGF ВЛИЯЕТ НА ЭКСПРЕССИЮ CD105 

ANTIVEGF AFFECTS CD105 EXPRESSIO                                                            10.15789/1563-0625-VDA-2991 

Medical Immunology (Russia)                                                             ISSN 1563-0625 (Print)  

     ISSN 2313-741X (Online) 

S.S., and D.S.; funding acquisition, I.K., D.S. and S.S. All authors have read and 287 

agreed to the published version of the manuscript.  288 



ANTIVEGF ВЛИЯЕТ НА ЭКСПРЕССИЮ CD105 

ANTIVEGF AFFECTS CD105 EXPRESSIO                                                            10.15789/1563-0625-VDA-2991 

Medical Immunology (Russia)                                                             ISSN 1563-0625 (Print)  

     ISSN 2313-741X (Online) 

РИСУНКИ 

 

Figure 1. The percentage of trophoblast cells (JEG-3) expressing MICA, MICB, and 

CD105 proteins (A), and the intensity of expression of these markers (B) in the 

presence of antibodies against VEGF (antiVEGF) in mono- and co-culture with 

natural killer cells (NK-92). Differences from isotype control: *** - p<0.001. 

Differences between groups: # - p<0.05; ### - p<0.001. 

 

Figure 2. The percentage of natural killer cells (NK-92) expressing NKG2D, CD94, 

CD105, MICA, and MICB proteins in the presence of antibodies to VEGF 

(antiVEGF) in mono- and co-culture with trophoblast cells (JEG-3). Differences 

from isotype control: *** - p<0.001. Differences between groups: # - p<0,05; ### - 

p<0,001. 
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Figure 3. The intensity of expression of NKG2D, CD94, CD105, MICA, and MICB 

proteins by natural killer cells (NK-92) in the presence of antibodies against VEGF 

(antiVEGF) in mono- and co-culture with trophoblast cells (JEG-3). Differences 

from isotype control: *** - p<0.001. Differences between groups: # - p<0.05; ## - 

p<0.01; ### - p<0.001. 

 

Figure 4. Cytotoxicity of NK-92 cells toward JEG-3 cells pretreated with antibodies 

to VEGF (antiVEGF). Significant difference. 

es: ** - p<0,01. 
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