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Abstract: HELLP syndrome is a syndrome characterized by hemolytic anemia, increased liver enzymes, 

and thrombopenia and can be seen in  1% of all pregnancies, 10-20% of pregnancies with pain, 

preeclampsia, and eclampsia. HELLP syndrome usually develops in the third trimester and its 

pathogenesis is not clear. Human placental villus stroma contains macrophages called Hoffbauer cells 

(HC), which are thought to be involved in many processes. HC is also called placental macrophage and 

has a role in many placental events. This study aimed to evaluate the immunohistochemistry and 

ultrastructural of syncytiotrophoblast and Hoffbauer cells in the placental villi of HELLP syndrome 

patients. In our study, placental tissues obtained from human normal and HELLP syndrome pregnancies 

were prepared for light and transmission electron microscopy (TEM) studies. Immunohistochemistry 

techniques were applied to placenta sections. HC localizations were determined with CD68 (Hoffbauer 

cell marker). Fine structure properties of HC and syncytiotrophoblasts were examined by TEM. When 

the HELLP group fetal placental sections were examined under the light microscope, intracytoplasmic 

edema in syncytiotrophoblast, degenerative vacuoles, and degenerative findings on cell surface 

membranes were observed. Moreover, villous edema was remarkable. The increase in the number of 

Hoffbauer cells per villus in the HELLP group was statistically significant (p<0.00). Compared with 

the control group, there was a significant increase in the number of Hoffbauer cells and 

syncytiotrophoblast in HELLP group, and also degenerative changes were observed in the 

ultrastructural structure of these cells.  
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1. Introduction 

Since the middle of the 19th century, there have been many studies on the presence of large cells 

in the stroma of human placental chorionic villi. It was Kastschenko who pointed out the presence of 

these cells in the villous stroma. After 1885, researchers named Virchow, Chaletzky, and Neumann 

discovered large isolated cells with clear cytoplasm in hydatiform molar pregnancies. For this reason, 

these cells were called Chaletzky-Neumann cells in the past. Later, at the beginning of the 20th century, 

it was the researcher named Hoffbauer who best described the functional and morphological features of 

these cells in normal chorionic villi. For this reason, the term Hoffbauer cell has been widely used in the 

literature [1]. 
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Hoffbauer cells in the villous stroma are round, pleomorphic, or star-shaped. They are 10-30 µm 

in diameter and are elongated cells. The prominent feature of these cells in early studies is that they have 

a vacuolated and granular cytoplasm [2]. Later, researchers reported that Hoffbauer cells have multiple 

membranes, electron-lucent vacuoles of varying size, dense granules with amorphous material, and short 

endoplasmic reticulum [3-4]. 

HELLP syndrome is generally considered to be a variant or complication of preeclampsia. It is a 

life-threatening obstetric complication [1]. The placenta plays a vital role in the nutritional transport 

between mother and fetus during pregnancy. The main cell type in the placenta is syncytiotrophoblast 

cells which are located in the intervillous space and in contact with maternal blood. Besides these cells, 

numerous fibroblast cells adjacent to the fetal capillaries, Hoffbauer cells, and tissue macrophages are 

also present [4]. There are two major cells in the placenta, trophoblast and Hoffbauer cells. Although 

there are many studies on trophoblasts surrounding chorionic villi, few studies are about Hoffbauer cells. 

Hoffbauer cells are fetal tissue macrophages in the chorionic villous stroma. These cells are located 

close to the trophoblast and fetal capillaries.  

Hoffbauer cells express vascular endothelial growth factor [VEGF] that plays a role in the 

development of vasculogenesis and angiogenesis [5]. Hoffbauer cells in placental villi are located in the 

immediate vicinity of angiogenic cell cords and primitive vascular tubes [6]. Hoffbauer cells are 

placental macrophages present in the villi of the placenta during pregnancy. These cells are normally 

generated on the 18th day of pregnancy and function in the placenta until the end of pregnancy. The 

cellular origin of the Hoffbauer cells in the placenta varies during pregnancy. In the early stages of 

pregnancy, they originate from villi mesenchymal cells, but through the end of pregnancy derived by 

the transformation of fetal monocytes [7]. The role of Hoffbauer cells in the placenta has not been fully 

elucidated. However, an increase in Hoffbauer cells has been reported in various placental inflammation 

cases, particularly villitis. Syncytiotrophoblasts are formed by cellular fusion rather than by cellular 

division. They are continuous, acellular system and their boundaries are not clear [8]. The surface of 

these cells has irregular microvilli. The luminal cytoplasm contains vesicles surrounded by flat 

membranes. The remaining cytoplasm contains a large number of rough and smooth endoplasmic 

reticulum, a well-developed Golgi complex, and numerous mitochondria. 

In this study, we aimed to investigate the immunohistochemistry and ultrastructural of the 

syncytiotrophoblast and Hoffbauer cells in the placental villi of pregnancies with HELLP syndrome. 

2. Materials and Methods 

The study was approved by the Dicle University Faculty of Medicine non-invasive clinical 

research ethics committee (record number: 456, date: 28.03.2012). This study was funded by the Dicle 

University Scientific Research Platform with grant number:13-TF-89. Twenty-five patients with 

HELLP syndrome and twenty-five healthy pregnant women, a total of 50 pregnant women, were 

included. Placental samples were obtained from the department of Obstetrics and Gynecology, Faculty 

of Medicine, Dicle University from women at 36 to 39 weeks of pregnancy. Criteria for HELLP 

syndrome were assigned as systolic/diastolic blood pressure (BP): 140/90 mmHg and proteinuria>300 

mg in 24h.  

 

2.1. Histologic technique 

Placental tissue samples were fixed in 10% neutral formalin solution and a paraffin-embedding 

wax protocol was performed. 5 µm sections were taken for histological and for immunohistochemical 

staining. Sections were immunostained with Hoffbauer cell marker CD68 and two separate blinded 

researchers counted placental villi and Hoffbauer cells in the same areas. The mean number of Hoffbauer 
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cells per villi was determined. The data were analyzed by Student's t-test by the SPSS program, and the 

number of Hoffbauer cells was calculated in each group. Sections were evaluated by Zeiss imager A2 

light microscope, and photomicrographs were taken.  

2.2. Immunohistochemical technique 

Placental samples were fixed in a 10% neutral formalin solution and processed for routine 

histological tissue processing. Sections were deparaffinized in xylene and brought to distilled water. To 

remove epitope blocking, samples were boiled in citrate buffer solution (pH:6.0) in a microwave oven 

at 700 W. 0.1% hydrogen peroxide was used to block endogenous peroxidase activity for 20 minutes. 

The blocking solution (Cat.No:85-9043, Invitrogen, USA) was done for 10 minutes. Sections were 

incubated at 4°C overnight with anti-CD68 (catalog no: ab125212, Abcam, 1:750). A secondary 

antibody (Invitrogen, USA) was applied for 20 minutes. Slides were then exposed to streptavidin 

peroxidase for 20 minutes. Diaminobenzidine (Invitrogen, USA) was used as chromogen. Sections were 

counterstained with hematoxylin and mounted with a mounting medium. 

2.3. TEM technique 

In order for the Transmission of an Electron Microscope (TEM), placental tissue samples were 

fixed in 2.5% buffered glutaraldehyde and then, in 1% osmium tetroxide for routine electron 

microscopic procedure. Semi-thin sections cut with Leica ultra-cut R ultramicrotome were stained with 

toluidine blue. Semi-thin sections on copper grids were counterstained by uranyl acetate-lead citrate. 

The grids were evaluated in Jeol 1010 transmission electron microscope, and micrographs were taken. 

2.4. Statistical analysis 

Statistical analysis was performed by using IBM SPSS version 25 software. Shapiro Wilk test 

was used for data contribution. Student’s test–test and Mann-Whitney U test were used to compare the 

binary group averages. P<0.05 was considered statistically significant.  

3. Results 

3.1. Immunohistochemical findings 

In the sections stained with CD68 antibody, the positive Hoffbauer cell number per villus was 

0.23 ± 0.02 in the control group (Fig.1A) and 0.83±0.12 in the HELLP group (Fig.1B). The number of 

Hoffbauer cell counts per villi in HELLP group placentas (Fig.2) was statistically significant (p <0.001). 
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Figure 1. Compared to the control group, a significant increase in the number of CD 68 positive 

Hoffbauer cells per villus was observed in the placental villi of HELLP group. A) Control 

group, B) HELLP group (Staining: IHC CD 68, counterstaining with Hematoxylin, Bar: 50 

µm). 

 

 

Figure 2. Graph showing the percentage of Hoffbauer cells per villus in control and HELLP group 

placentas.  

3.2. Ultrastructural Findings 

Syncytial nodes, syncytiotrophoblasts, Hoffbauer cells, and capillary endothelial structures were 

observed to have a normal histological structure in the control group of placental sections. 

Ultrastructural findings of cells in the placental villi of HELLP group. In the placental sections of the 

HELLP group, intracytoplasmic edema, degenerative vacuoles, and degenerative findings in cell surface 

membranes were observed in syncytiotrophoblasts. In addition, villous edema was prominent. In another 

placenta section of the same group, as well as intravascular coagulation, the presence of red blood cells 

in the extravascular areas due to endothelial degeneration, thinning of the capillary endothelium, villous 

edema, and degenerative vacuoles were observed (Figure 3). 
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Figure 3. A) In the control group placental section, a structural histologic view to intensive microvilli 

on the surface of syncytiotrophoblasts, (S), and capillary endothelium cells (star) are seen. B) 

HELLP group placenta section. Degenerative structure (blue arrow) in cell surface membrane, 

intracytoplasmic edema, and degenerative vacuoles (yellow arrow) in syncytiotrophoblast 

(uranyl lead nitrate-uranyl acetate, Bar: 20000 nm) 

4. Discussion 

Preeclampsia is a clinical complication that starts in the 20th week of the pregnancy and continues 

until 4–6 weeks after birth. Preeclampsia is characterized by hypertension and proteinuria [11]. There 

are many risk factors that lead to preeclampsia such as abnormal trophoblastic invasion, endothelial 

dysfunctişon, impaired nitric oxide and lipid metabolism, and genetic and nutritional factors [12]. 

Immune tolerance at the feto-maternal junction of the placenta is a complex phenomenon. 

Although much is known about immune-capable macrophages in the maternal decidua, we know very 

little about Hoffbauer cells (HC) in fetal chorionic villi. In a study by Yang, no significant difference 

was found between the hypertensive and normotensive groups in terms of HC diameter. In the 

continuation of our study, CD14, CD68, and CD163 immunostaining were applied to placental sections 

and they emphasized that HC in the hypertensive group was weak in terms of immunostaining when 

compared to the control group [13]. 

In another study by Zhenghua et al., changes in the number and appearance of HC were reported 

to be associated with different pregnancy complications [14]. The results of our study are also supported 

by Demir et al and Kondi-Pafiti et al. These authors pointed out that there is a significant increase in the 

number of HC in pathological placentas such as gestational diabetes mellitus and intrauterine growth 

retardation [15-16]. 

Jones et al. [17] reported severe degenerative changes in the ultrastructural analysis of syncytial 

cell nuclei, such as pyknosis, peripheral chromatin condensation, and fusion of nuclear membranes. 

These morphological changes are similar to those of apoptosis, known as programmed cell death [18]. 

In similar studies, the increase in the number of apoptotic nuclei in trophoblasts of patients with 

preeclampsia has been pointed out [19-21]. Rath et al. [22] reported that trophoblastic basement 

membrane thickening was associated with preeclampsia and HELLP. Increased syncytiotrophoblasts in 

the HELLP placentas cause lesser absorption from the maternal blood as a result of a significant loss of 

microvilli, and thus the malnutrition of the fetus. In our study, we observed increasingly larger vacuoles 

and decreased pinocytic vesicles in the cytoplasm of syncytiotrophoblast cells of the HELLP group, 

suggesting decreased transport characteristics of syncytiotrophoblasts. Dilatations in the rough 

endoplasmic reticulum [ER] cisternae, which are observed in these cases, and low electron density 

accumulation in them are responsible for the basement membrane thickening. Therefore, we emphasized 

that thickening basal membranes negatively affects the placental barrier function.  

In a study by Brunoria et al. [23], they emphasized that smooth ER and rough ER cisterns are 

very dilated in syncytiotrophoblast cells of HELLP. This event is parallel to the results of our study. 

Especially in some chorion villi of HELLP placentas, we observed excessive proliferation of 

cytotrophoblasts and their invasion into stroma as common epithelial mass. Thus, since the stroma is 

confined in an extremely narrow central region, we thought of considerably reduced or even completely 

lost placental barrier function in these villi. HELLP syndrome is a systemic disease manifested by 

cytotrophoblast invasion deficiency or maternal endothelial dysfunction. Roberts et al. [24] showed that 

the most important factor in this disease is excessive maternal systemic inflammation or uteroplacental 

hypoxia against pregnancy.  

The number of HC in the HELLP group of our study showed a significant increase compared to 

the control group, and this increase was statistically significant. These results of our study showed a 
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correlation with the results of the study conducted by Evsen et al. [25].  These researchers emphasized 

that the number of Hoffbauer cells in the placental villi of patients with HELLP syndrome showed a 

significant increase compared to the normotensive group. Evsen et al. indicated a significant increase in 

Hoffbauer cell count in HELLP syndrome. They suggested that this increase may be related to increased 

inflammation or adaptation mechanism in the fetal placenta. In the immunohistochemical results of our 

study, compared with the control group, we can say that there was a significant increase in Hoffbauer 

cell count in the HELLP group placentas. Hoffbauer cells are fetal tissue macrophages in the chorionic 

villus stroma of the human placenta. This cell population constitutes 40% of the villous stroma and 

continues to exist during pregnancy.  Hoffbauer cells secrete prostaglandin E2 (PGE2) and thromboxane 

A2 (PXA2). There are publications indicating that the amount of PGE2 and TXA2 released by Hoffbauer 

cells in a low-oxygen culture medium is reduced [26]. 

In conclusion, a significant increase in placental Hoffbauer cells and syncytiotrophoblast cell 

counts as well as several ultrastructural changes were observed in the HELLP group compared to the 

control group. 
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