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ABSTRACT

Objectives: To identify the effect of distribution characteristic of macrophages on placental 

function and angiogenesis in pregnancies with preeclampsia (PE) in presence of fetal growth 

restriction (FGR) or preeclampsia without FGR. 

Material and methods: The study tested the hypothesis that there was association between 

distribution characteristic of macrophage subsets (marked by CD68, CD163, respectively) and

placental capillary development, leading to placental dysfunction in PE pregnancies with FGR

(n = 36). Changes in placental parameters related with efficiency and angiogenesis and 

macrophage phenotypes (CD68 and CD163) were evaluated by immunohistochemistry. 

Pearson correlation analysis was performed to analysis the association between macrophage 

phenotype and placental function as well the CD34 staining, respectively. Additionally, the 

localization of CD68 and CD163 was assessed by using immunoflurorescence staining.

Results: Pearson correlation analysis had shown the positive association between CD68 

expression and microvessel formation and the reverse linear relationship between CD163 

staining and placental sufficiency in PE + FGR placenta. The co-localization of CD163 and 

CD34 may pointed to the compensatory role of CD163 distribution involved in prompting 



neovascularization.

Conclusions: The association between disturbed distribution of macrophages and placental 

efficiency and angiogenesis were only found in PE with FGR not in PE pregnancies without 

FGR, underlying the discrepancy role of macrophage subsets depending on the clinical 

phenotype of PE pregnancies.
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INTRODUCTION

Preeclampsia is a placental origin complication [1] characterized by insufficient 

placentation [2], endothelial dysfunction [3], inflammation and disturbed immune system [4]. 

The severity of preeclampsia was reported correlated with the placental insufficiency induced 

via unbalanced inflammatory status [5]. One of the common clinical manifestation in relation 

with severe preeclampsia is fetal growth restriction (FGR) [6]. The maintenance of normal 

placenta function plays an vital role in fetal development with sufficient nutrition and oxygen 

supply, possibly relying on the adaptation and plasticity of placental angiogenesis as well the 

response of immune cells to the insults [7, 8]. However, there existed contradictory 

manifestations on microvessel development in preeclampsia (PE) with and without FGR 

placentas [9, 10].

Placental macrophages mainly consist of macrophages distributed among fetal chorionic 

villus stromal exhibiting phenotypic and functional heterogeneity and plasticity. The 

heterogeneous population are involved in placental angiogenesis and hematopoiesis[11]. Two 

main subsets classified the macrophages: pro-inflammatory M1 type (CD68) and anti-

inflammatory M2 type (CD163) [12]. M1 type (CD68) macrophages are involved in 

inflammatory process, while M2 type (CD163) macrophages serves as the key player of tissue

remodeling and angiogenesis. M2 like macrophage distributed in the villous stroma, mostly 

close to feto-placental microvessels [12]. Since it has been shown the imbalance between the 

M1/M2 macrophage in the placenta is observed during pregnancy with fetal growth 

retardation, as well as in PE [13, 14]. However, the discrepancy distribution of M1 and M2 

macrophages on placental efficiency and associated angiogenesis of placenta from 

pregnancies with both PE and FGR are still warranted to be further explored.

The aim of our study was to identify the effect of distribution characteristic of 

macrophages on placental efficiency and microvessel formation of placenta in pregnancies 

with PE and PE with FGR. However, when stratifying by only PE and PE with FGR, we 

hypothesized that there also could be a relationship between the distribution of macrophages 



with capillary adaptation, mainly leading to the disturbed placental efficiency, especially in 

PE pregnancies with FGR.

MATERIAL AND METHODS

Human subjects

Human subjects were recruited following written informed consent and studies performed

following the approval of the local ethics committee (Approval ID: 20210030). The inclusion 

for this study were singleton placentas from gestational age matched normotensive and PE 

pregnancies collected from the Fourth Hospital of Shijiazhuang. Based on fetal birth weight, 

PE pregnancies were clarified into PE in presence with FGR and without FGR. In total, they 

were classified into three groups: normotensive group, PE group, and PE + FGR group.

Preeclampsia was defined as an elevated blood pressure of ≥ 140/90 mmHg (on no less 

than 2 occasions at least 6 hours apart) that appeared after 20th gestation week in a previous 

normotensive woman and accompanied by proteinuria containing no less than 0.3 g in 24 

hours[15]. The FGR was defined as fetal weight less than the 10th percentile for gestation age

companying with the failure to reach its genetically growth potential [16]. Criteria for 

exclusion included twins or multiple birth, congenital malformation, severe placental 

calcification or infarction, and umbilical cord compromise. The demographic characteristic 

and pregnancy outcomes were collected and detailed in Table 1.

Placenta collection

Placenta sample was collected immediately after the delivery. And then, placental weight 

and size were recorded after fetal membranes and the umbilical cord were removed. Placental 

efficiency and placental volume (cm3) were calculated and recorded [17]. A portion of feto-

placenta fragments was collected and fixed overnight at 4°C in 4% paraformaldehyde and 

embedded in paraffin for immunohistochemical and immunofluorescence analysis.

Real-time reverse transcriptase–polymerase chain reaction (RT-PCR)

Frozen placental tissue (80-100mg) was homogenized using tissue cryogrinder (KZ-III-

FP, Wuhan Servicebio Technology Company Limited, CH) and total RNA was extracted with 

Eastep@Supper Total RNA Extraction kit (Shanghai Promega Biological Products Ltd., 

Shanghai, CH) following manufacture’s recommendation. And then, 1000 ng of total RNA 

was reverse transcribed to complementary DNA (cDNA) with first-strand complementary 

synthesis system (Invitrogen, Life Technologies). The relative mRNA expression was 



assessed following the instruction of PowerUp SYBR Green Master Mix (ThermoFisher) and 

normalized to the endogenous reference gene GAPDH using the ΔΔCT method. The primers 

used were listed as follows: CD68 forward primer: 3’-GCTACATGG CGGTGGAGTACAA-

5’, reverse primer: 3’-ATGATGAGAGGC AGC AAGATGG-5’; CD 163 forward primer: 3’-

CAACTTGAGTCCCTTCACCA-5’, reverse primer: 3’-CCACTCC TCCTGGACTTTCA-

5’.GAPDH forward primer: 3’-GGAAGCTTGTCATCAATGGAAA TC-5’, reverse primer: 

3’-TGATGACCCTTTTGGCTCCC-5’.

Automated immunohistological staining and digital analysis

Paraffin embedded formalin-fixed human placenta tissue was sectioned (4 microns) and 

processed for immunostaining with a mouse monoclonal anti-human CD34 primary antibody 

(QBEnd 10, Gene Tech, Shanghai, CH) and CD68 (KPI, Gene Tech, Shanghai, CH) diluted 

with ratio of 1:200, and CD163 (Proteintech, Wuhan, CH) immunostaining with 1:2000 

dilution as vendor’s recommendation, respectively. The immunostaining process was 

automated performed with UltraView Universal DAB Detection Kit (Ventana Medical 

System, Tucson, AZ USA) on VENTANA BenchMark GX@ (Roche, Tucson, AZ USA) 

staining instrument following manufacturer recommended protocol. Digital scan of stained 

slides was performed at 20× magnification using Aperio CS2 Digital Pathology Scanner 

(Aperio Technologies Inc. San Diego USA). For each slide, five equal size regions of interest 

[(ROI) 0.2645 µm2 each] were selected by experienced pathologist. Regions of interest was 

restricted to the microvessel rich area from different locations. All the analysis associated with

staining intensity was performed by using Aperio Imagescope software (Aperio Technologies 

Inc. San Diego USA) [18]. To calculate CD34 staining in placenta, color deconvolution and 

microvessel analysis algorithms were employed to quantify microvessel density associated 

parameters, respectively. Similarly, the membrane color deconvolution was used for CD68 

(KPI, Gene Tech, Shanghai, CH) and CD163 (Proteintech, Wuhan, CH) staining analysis. The

threshold for color saturation was set using positive and negative control tissues and adjusted 

it by testing the randomly selected placenta tissue accordingly. Algorithm parameters were 

translated into negatively (blue), moderately (orange) and strongly (red) stained 

manifestation. Raw data was presented as number of positive pixels and staining intensity of 

positive pixels which was normalized to total positive pixels counts or field of ROI region in 

µm2. To evaluate the accuracy of digital qualification, IHC slides were inspected by an 

experienced pathologist, using a scoring system from 0 to 3 to differentiate staining intensity.



Dual-labelling Immunofluorescence analysis

Localization of markers of macrophage subset (CD68, CD163) with CD34 was assessed 

followed the procedure as previously described [19, 20]. Frozen placental sections were used 

for dual-labelling immunofluorescence. Optimal cutting temperature compound (OCT) 

embedded frozen human placenta tissue was cut into 8μm-thick-section. After OCT was 

removed, antigen retrieval and blockage (3% H2O2 and 5% BSA) was performed. Then the 

placental sections were incubated with primary antibodies overnight at 4 : CD34 (Mouse, ℃

60180-1-Ig, Proteintech, China) with CD68 (Rabbit, 1:200, 28058-1-AP, Proteintech, China) 

or CD163 (Rabbit, 1:200, 16646-1-AP, Proteintech, China) for double immunolabeling 

procedure. And then the goat anti-mouse IgG (DyLight 488, A23210) (Abbkine Scientific 

Co.,Ltd, Wuhan, China) was used as the secondary antibody for CD34 and goat anti-rabbit 

IgG (DyLight 649, A23620) (Abbkine Scientific Co.,Ltd, Wuhan, China) for CD68 and 

CD163 at room temperature for 1h. Then the nucleus was counterstained with DAPI. Finally, 

a FV3000 confocal laser scanning microscope (Olympus) was employed to observe and 

capture images. 

 

Statistical analysis

Data were presented as mean ± SD or number of frequency (percentage). The One-way 

ANOVA and Student T test were used for variate analysis. Fisher’s exact test was employed 

for univariate analysis. Data analysis was performed using SPSS version 24.0 and the 

statistical plots were created using GraphPad Prism 8.0 software. Pearson’s correlation 

analysis was carried out to identify the correlation between placental function and microvessel

parameter and other univariates. P value less than 0.05 was considered significant.

RESULTS

Clinical characteristics and laboratory parameters of the study population

A summary of demographic characteristics and laboratory indexes were listed in Table 1 

and 2. As shown in Table 1, the blood pressure was elevated significantly in two PE groups 

compared with control group, respectively (p < 0.05). The incidence of gestational diabetes 

was significantly different between the three groups. However, no significant difference was 

evident between the three groups with respect to age, body mass index and delivered 

gestational age. 

With respected to the fetal birth weight, it was significantly lower in PE + FGR and PE 

group compared with normotensive pregnant group (p < 0.001). Notably, the significant 



difference was observed between PE + FGR and PE group (p < 0.05). As shown in Table 2, 

the quantity and percentage of lymphocyte in plasma from pregnant women was significant 

higher in PE with FGR group compared with normotensive pregnant group (p = 0.017, p =  

0.020). With respected to the coagulation-related factors, the concentration of fibrinogen in 

maternal plasma was observed significantly lower only in preeclampsia with FGR group 

compared with control group (p = 0.015). Likewise, the concentration of D-Dimer was shown

elevated in plasma from preeclampsia women with FGR and without FGR compared with 

normotensive pregnant women (p = 0.022). On the other hand, there was the significant 

increase in plasma concentration of blood urea nitrogen (BUN) in two preeclampsia groups 

compared with normotensive pregnant group (p < 0.001). However, no significant difference 

was evident in other parameters between different groups.

 

Compromised microvessel formation and polarized macrophage distribution may 

contribute to placental dysfunction among PE with FGR and PE group

The placental characteristics comparing the PE + FGR, PE and control group were shown

in Table 3. A significant lowered placental weight was revealed in PE + FGR group compared 

with PE group (p < 0.05). Likewise, the placental efficiency calculated as the ratio of birth 

weight to the placental weight showed significantly lower in PE with FGR individuals 

compared with PE mothers. Similarly, there was a trend towards reduction in the placenta 

volume in the two PE groups however this did not reach significance. 

Furthermore, to evaluate the capillary formation, endothelial marker CD34 expression 

was assessed. It was shown the significant reduced strong CD34 staining in PE groups 

compared with control group (p < 0.001). Similarly, the total positive percentage of CD34 

was revealed a significant decrease accompany with the significant reduced capillary density 

in PE complicated with FGR pregnancies compared with control group (p < 0.05). 

To detect the distribution and number of macrophages in placenta tissue, relative gene 

expression (Fig. 1) and immunohistochemistry analysis of CD68 and CD163 were performed 

as respective marker of M1 and M2 characterized macrophage (Fig. 2). The gene relative 

expression of CD163 was significantly lower among the placentas from PE + FGR group 

compared with control group (p = 0.03), while the same trend was not found between PE and 

control group (p > 0.05). However, no change was found in CD68 relative gene expression 

among groups (p > 0.05). Macrophage positive for CD68 and CD163 were both found 

localized adjacent to capillary in villous stroma. Based on the pixel quantification, the total 

positive percentage of CD68 revealed a significantly increased in PE with FGR group 



compared with PE group (p < 0.05), along with the significantly increased number of the 

subset of macrophage. In contrast, pixel quantification revealed a significantly decreased total

staining frequency of CD163 in PE group complicated with FGR, manifesting a trend of 

reduced number of M2 characterized macrophage in the related group.

 

Association between multi-variates and placental function and capillary formation in 

groups 

The correlations between multi-variates and placental efficiency as well as capillary 

formation manifested with CD34 strong positive intensity are shown in Figure 3 stratified by 

different groups. A positive correlation between quantity of CD163 positive cell and placental 

efficiency was detected only in PE + FGR group (R2 = 0.306; p < 0.05). In contrast, there was 

an inverse correlation shown between total positive percentage of CD68 and placental 

efficiency in control group (R2 = 0.394; p = 0.021). With respect to laboratory parameters, 

there was a statistical correlation towards an increased fibrinogen concentration in maternal 

plasma and an improved placental efficiency manifested in PE group (R2 = 0.885; p < 0.0001).

While the higher concentration of urea nitrogen in peripheral blood was positively correlated 

with placental efficiency in control group (R2 = 0.492; p = 0.008), no correlation was noted 

between placental function vs other variates in normotensive pregnant women. With respected

to microvessel formation, the positive linear relationship was observed between CD34 strong 

positive staining intensity and microvessel density in control group (R2 = 0.537; p = 0.004), 

however, the increased staining of CD34 was significantly correlated with the raised amount 

of CD68+ macrophage only in PE + FGR group (R2 = 0.487; p = 0.008).

Exclusive distributed features of CD68 and CD163 based on the clinical manifestation of

preeclampsia

The double staining was performed by using immunofluorescence (IF) to identify the 

localization features of CD163 and CD68 with CD34, respectively (Fig. 4 and 5). As shown in

Figure 4, in PE + FGR placenta, the colocalization of CD34 and CD163 was observed. 

Furthermore, two characteristics of colocalization were revealed under confocal microscopy 

observation, displayed as distributed adhere to the syncytiotrophoblast and among the villous 

stroma. However, the distribution adjacent to syncytiotrophoblast was exhibited both in PE 

and control group. The findings on CD68 staining also showed the specific distribution traits 

among the three groups. Inconsistently with CD163 IF staining, CD68 staining was 

predominantly distributed at the edge of microvillous in placenta from PE + FGR 



pregnancies, accompany with scattered expression in the stroma. The colocalization of CD68 

and CD34 was shown mainly among the stroma in PE group, while CD68 localization was 

similar with CD163 distribution in placenta tissue from control placental samples (Fig. 5).

DISCUSSION

The balance of M1 and M2 participated in the regulation of pregnancy process [21]. Such

disturbance may be involved in the development of complicated pregnancy, demonstrating its 

plasticity when it responds to the local insults [8]. Macrophages seem to be switched toward a

pro-inflammatory (M1) phenotype in women with preeclampsia [22]. Thus, the 

pathophysiology of preeclampsia may be related with disturbed proportion of M1 and M2 

macrophages. 

It was suggested that the CD163, representative of M2 type macrophage, was 

downregulated in PE placental tissue compared with normotensive pregnancies [23]. Notably, 

it was revealed that the significantly reduced expression of CD163 in PE pregnancies 

complicated with FGR, while the trend to decrease in CD163 expression in PE placenta. As 

consequence, the significantly reduced microvessel density only presented in PE pregnancies 

with FGR as reported [9]. On the other hand, the significant higher CD68 positive staining 

was observed in PE pregnancies in presence of FGR vs PE group without FGR, consistently 

with previous study [24]. Furthermore, the positive relationship between CD68 and CD34 

strong staining was shown in PE + FGR placenta. M1 macrophage acquires the capability of 

secretion pro-inflammatory cytokines, including IL-1β, IL-6 and TNFα. To our knowledge, 

IL-1β was reported the regulator of facilitating M2 macrophage infiltration and angiogenesis 

[25] responsible for the relationship between CD68 and CD34 staining. Similarly, the higher 

CD163/CD68 ratio was reported in FGR placentas that may aggravates placental insufficiency

and fetal growth[26]. The characteristic of macrophage infiltration may suggest a similar 

trend towards activated macrophage function [27]. In contrast, the reverse association was 

suggested between placental function and CD68 expression in control group reported 

involved in the development of the normal feto-placenta [28]. 

In our study, it was shown that the compromised placental insufficiency in line with the 

decreased microvessel density in two PE groups, especially the PE pregnancies complicated 

with FGR. Placental efficiency was positively associated with the expression of CD163, 

suggesting the compensatory role of M2 like macrophage responding to the local insults on 

maintaining placental competence in group of PE + FGR. Thus, it was suggested the fact that 

the local insults as the trigger of macrophage polarization may be more abundant in placenta 



from PE with FGR pregnancies than group of PE without FGR. However, in PE group, there 

was no observed association between CD68 and CD163 and placental function. The placental 

sufficiency was positively correlated with serum level of maternal fibrinogen. Conclusively, 

the evidence may underlie the deviated macrophage role depending on the clinical 

manifestation of PE pregnancies.

Furthermore, the double staining of immunofluorescence was employed to evaluate the 

localization characteristic of macrophage subsets. To our knowledge, this is the preliminary 

study to show the evidence of colocalization of CD163 and CD34 in placenta from 

pregnancies of PE with FGR, while the co-expression of CD68 and CD34 in PE group, 

probably underlying the effect of both two subsets on microvessel development dependent on 

specific local insult. It was reported that macrophage polarization towards an M2 phenotype 

had a higher pro-angiogenic potential [29], indicating the contributing role on the adapted 

changes of placental function [30]. As well, pro-inflammatory cytokines secreted by M1 

macrophage acted as candidates involved in the process of angiogenesis [25]. Not only co-

staining with CD34, but it was also observed the immunostaining of CD163 was adjacent to 

syncytiotrophoblast, which was potentially involved in regulating the phenotype transition of 

macrophage and existed two-way adjusting effect on CD163 and CD68 [31]. 

However, further investigation was required to explore the mechanism for switching 

phenotype of macrophage.

CONCLUSIONS

Taken together, placental resident macrophages exhibited the different infiltration pattern 

relying on the clinical performance of PE (in presence of FGR or not), indicative of severe 

compromised placental function and decrease capillary quantity in PE + FGR placenta. 

Strength and limitations

The study provides evidence for the involvement of placental resident macrophages in the

process of regulating placental efficiency and angiogenesis in PE pregnancies. Importantly, 

our preliminary observation suggested the different distributed pattern of macrophages among

PE with FGR, without FGR and normotensive pregnancies. However, as this study was 

conducted in a small set of recruitments, the larger size of participants was needed to verify 

the findings. Also, the molecule mechanism was remained to be further explored. 
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Figure 1. Association between multivariate and placental function and capillary formation 

stratified by groups; PE — preeclampsia

Figure 2. The gene expression of CD163 and CD68 in placentas from preeclampsia (PE), PE 

+ fetal growth restriction (FGR) and control pregnancies. Data are presented as mean ± SEM. 

Asterisk (*) represents p < 0.05 by Student’s t-test



Figure 3. Immunohistochemistry staining of CD34, CD68 and CD163 in placenta tissue 

(magnification). The size of scale bar is 200μm, marked at the left foot corner of each image; 

PE — preeclampsia; FGR — fetal growth restriction; CON — control

Figure 4. DualImmunofluorescence staining of CD34 and CD163 in fetoplacental tissue (40× 



magnification). Nuclei were stained with DAPI (blue); D. The two characteristics of 

colocalization of CD34 and CD163 were found in preeclampsia (PE) + fetal growth 

restriction (FGR) placenta as follows, colocalizationin villous stroma (yellow arrow) and at 

the edge of microvillous adjacent to syncytiotrophoblast (orange arrow); H. Colocalization of 

CD34 and CD163 adjacent to the syncytiotrophoblast was found in PE placenta marked with 

yellow arrow; L. CD34 and CD163 coimmunostaining distributed as an outline of 

microvillous (yellow arrow) similarly with (H) manifestation. The size of scale bar is 200 μm;

CON — control 

Figure 5. Dual Immunofluorescence staining of CD34 and CD68 in fetoplacental tissue 

section (40-fold magnification). DAPI was used for nucleus staining (blue); D. Two 

distribution features of coexpression were manifested in preeclampsia (PE) + fetal growth 

restriction (FGR) fetoplacental, in villous stroma (yellow arrow) and adjacent to 

syncytiotrophoblasts (orange arrow). Also, the scattered CD163 distribution among the stroma

was also observed (rea arrow); H. The colocalized staining of CD68 and CD34 in stroma was 

outstand with yellow arrow; L. Immunofluorescence (IF) staining of CD68 and CD34 adhere 

to syncytiotrophoblast was present (orange arrowhead). Scale bar is 200 μm; CON — control 



Table 1. Demographic characteristic of study population 

Data are presented as mean ± standard deviation or number (percentage); PE — preeclampsia;

FGR — fetal growth restriction; BMI — body mass index; IVF-ET — in vitro fertilization 

and embryo transfer; Statistical significance: *p < 0.05 vs normotensive; +p < 0.05 vs PE 

without FGR; #p < 0.05 vs. PE with FGR

Table 2. The maternal laboratory indexes of preeclampsia (PE) + IUGR, PE and control 

group

PE + IUGR 

(n = 13)

PE

(n = 13)

Control 

(n = 13)

p 

value
Maternal age [years] 29.23 ± 3.17 29.00 ± 3.74 27.23 ± 3.56 0.29
Weight [kg] 62.00 ± 10.92 64.08 ± 12.64 54.77 ± 6.07 0.07
Weight gain [kg] 15.85 ± 6.09 18.32 ± 8.89 16.69 ± 5.07 0.65
BMI [kg/m2] 24.27 ± 4.29 24.45 ± 4.29 21.41 ± 2.42 0.084
Gravida ≥ 3 (n, %) 4 (30.77) 2 (15.38) 1 (7.69) 0.453
Primiparous (n, %) 6 (46.15) 8 (61.54) 13 (100) 0.333
Gestational at delivery 

[weeks]

34.88 ± 2.67 35.46 ± 2.84 35.26 ± 2.78 0.86

Systolic blood pressure 

[mmHg]

143.73 ± 

8.93*

146.73 ± 

12.03*

114.54 ± 8.32+# < 

0.001
Diastolic pressure 

[mmHg]

 93.94 ± 

7.02*

92.00 ± 8.09* 76.00 ± 8.10+# < 

0.001
Gestational diabetes (n, 

%)

1 (7.69) 6 (46.15)* 0 (0.00)+ 0.009

Hypothyroidism (n, %) 4 (30.77) 3 (23.08) 0 (0.00) 0.128
IVF-ET (n, %) 0 (0.00) 1 (7.69) 0 (0.00) 1.000
Fetal birth weight [g] 1875.38 ± 

439.99*+

2582.31 ± 

372.25*#

3232.31 ± 

290.75+#

<0.001

Fetal gender (male) (n, 

%)

6 (46.15) 8 (61.54) 8 (61.54) 0.777

Fetal gender (Female) 

(n, %)

7 (53.85) 5 (38.46) 5 (38.46) -



Data are presented as mean ± standard deviation or number (percentage); WBC — white 

blood cell; ALT — glutamic pyruvic transaminase; AST — glutamic oxaloacetic 

transaminase; TBA — total bile acid; Cr — creatinine; BUN — blood urea nitrogen; 

Statistical significance: *p < 0.05 vs normotensive; +p < 0.05 vs PE without FGR; #p < 0.05 vs

PE with FGR

Table 3. Placenta associated parameters and CD34, CD68, CD163 IHC staining analysis

PE + IUGR 

(n = 13)

PE

 (n = 13)

Control 

(n = 13)

p value

WBC count 8.63 ± 1.70 8.62 ± 1.27 10.07 ± 4.73 0.489
Neutrophils count 6.29 ± 1.81 6.42 ± 1.26 7.89 ± 4.52 0.233
Neutrophil 

percent

71.76 ± 8.89 73.99 ± 4.81 78.67 ± 6.89 0.051

Lymphocyte count  1.88 ± 0.47*  1.72 ± 0.26 1.66 ± 0.56# 0.017
Lymphocyte 

percent

 22.75 ± 7.63* 20.40 ± 4.54 15.72 ± 5.91# 0.020

Monocyte count 0.39 ± 0.14 0.40 ± 0.11 0.46 ± 0.17 0.428
Monocyte percent 4.73 ± 1.81 4.72 ± 1.11 4.96 ± 1.50 0.896
Hemoglobin 117.85 ± 

13.28

116.77 ± 7.90 119.00 ± 

12.92

0.888

Platelet 184.85 ± 

63.41

170.54 ± 

37.68

192.15 ± 

46.27

0.543

D-Dimer 415.77 ± 

230.08*

469.46 ± 

204.88

770.62 ± 

488.80#

0.022

Fibrinogen 3.36 ± 0.59* 3.15 ± 1.28 4.21 ± 0.58# 0.015
ALT 14.14 ± 7.20 12.62 ± 6.76 11.62 ± 5.35 0.594
AST 21.15 ± 8.18 18.00 ± 3.21 18.23 ± 5.14 0.321
TBA 4.47 ± 2.95 3.492.49 3.381.73 0.464
Cr 54.6112.21 54.0515.76 51.1012.29 0.778
BUN 394.62 ± 

68.34*

405.46 ± 

94.99*

258.31 ± 

63.12+#

< 0.001



Data are presented as mean ± standard deviation or number (percentage); PE — preeclampsia;

Statistical significance: *p < 0.05 vs normotensive; +p < 0.05 vs PE without FGR; #p < 0.05 vs

PE with FGR

PE + IUGR

 (n = 13)

PE

(n = 13)

Control 

(n = 13)

p 

value
Placental weight [g] 394.23 ± 

81.98+

487.69 ± 

94.84#

464.62 ± 

95.29

0.034

Placental volume [cm3] 582.73 ± 

131.64

598.31 ± 

167.83

711.31 ± 

213.75

0.136

Placental efficiency 

[ratio]

4.93 ± 1.60* 5.44 ± 1.14* 7.16 ± 1.21+# < 

0.001
CD34 percent total 

positive [%]

66.96 ± 

10.31*

70.54 ± 13.73 81.92 ± 9.50# 0.005

CD34 percent strong 

positive [%]

8.89 ± 4.88* 8.56 ± 5.29* 19.64 ± 4.40+# < 

0.001
CD34 microvessel density 2.47 ± 0.92* 3.39 ± 1.22 4.43 ± 2.31# 0.015
CD68 positive cells 7458.08 ± 

2458.75+

5049.23 ± 

2427.91#

5874.69 ± 

1737.37

0.029

CD68 percent total 

positive [%]

87.75 ± 6.72+ 75.86 ± 

14.56#

81.37 ± 8.43 0.023

CD163 positive cells 5490.00 ± 

2411.24

5852.62 ± 

2269.52

6040.85 ± 

1796.28

0.807

CD163 percent total 

positive [%]

62.75 ± 

15.66*

73.65 ± 19.14  83.27 ± 

16.53#

0.016


