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Abstract

Aims: The nature of villitis of unknown etiology (VUE) is intriguing in terms of its etiology, origin

of inflammatory cells and immunophenotype of T cells involved. The aim was to determine the origin

of macrophages and the immunophenotype of T lymphocytes in VUE associated with various

complications of pregnancy.

Methods and Results: Placentas with VUE (n=45) were studied by chromogenic in-situ

hybridization (CISH) for Y chromosome (DYZ1) and immunohistochemistry for CD14, CD68,

Ki-67 (n=10; all from male neonates) and a panel of T-cell antigens (CD3, CD4 and CD8) (n=35).

All of the placentas from male neonates showed CISH+ signals from Y chromosomes in the majority

of macrophages, but not in lymphocytes, indicating that the macrophages were of fetal origin. Many

macrophages of the affected chorionic villi were Ki67+, suggesting that they are hyperplastic

Hofbauer cells. Among the lymphocytes, CD8+ T cells outnumbered CD4+ T cells in all placentas

with different obstetrical conditions.

Conclusions: We define primary components of VUE as maternal CD8+ T cells and hyperplastic

Hofbauer cells. We propose that VUE is a unique inflammatory reaction where the leukocytes from

two hosts are key partners, analogous to either allograft rejection or graft-versus-host disease.
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Introduction

Villitis of unknown etiology (VUE) is a destructive inflammatory lesion of the chorionic villi

characterized by infiltration of chronic inflammatory cells, mainly lymphocytes and

macrophages.1 It is intriguing in terms of its etiology, origin of inflammatory cells and

immunophenotype of T cells involved. Chronic infections and abnormal immune responses

comparable to allograft rejection have been implicated as causes and pathogeneic mechanisms.
2 However, the epidemiological data (e.g. high prevalence, recurrence risk, lack of seasonal

variation and absence of infection-related signs in the mother and fetus) suggests that it is more

likely to be an immune-mediated process similar to allograft rejection rather than a specific
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infection.3 The lesion is not uncommon and can be found in term pregnancies. A recent

prospective study of VUE as part of a population-based case-control study of infants at term

has revealed that VUE is encountered in 17.3 % and 11.7 % of ‘small for gestational age’ and

‘appropriate for gestational age’ groups, respectively.4 The severe form of VUE is known as

one of the placental lesions associated with neurological impairment 5,6 as well as with

recurrent intrauterine fetal demise (IUFD).7

Previous studies have shown that the majority of cells in the inflammatory infiltrate in VUE

are activated macrophages (HLA-DR+, −DQ+ or −DP+) and CD3+ T cells, 8 with CD4+ T

lymphocytes constituting the main type of CD3+ T cell.9 Studies have also indicated that

infiltrating inflammatory cells are primarily of maternal origin, 10,11 and that the maternal

inflammatory cells are probably T cells.11 Therefore, invasion of the fetal tissue (chorionic

villi) by maternal CD4+ T cells has been considered to be a central feature of VUE. Involvement

of CD4+ T cells in the pathogenesis of VUE has also been supported by the demonstration of

MHC class II HLA-DR, -DP, and -DQ reactivity (all of which are not expressed in normal

placentas) in syncytiotrophoblast of the chorionic villi affected by VUE.12 However, whether

there is a significant fetal inflammatory reaction, especially by macrophages, in VUE remains

unclear. Furthermore, recent reports on the characteristics of inflammation in infectious chronic

villitis, including syphilis and toxoplasmosis, and some cases of VUE indicate that CD8+ cells

are present in greater numbers than CD4+ cells. The CD4+: CD8+ ratios were 1:2 and 1:7 in

VUE and syphilitic villitis, respectively.13,14 This striking difference in the proportion of T-

cell subsets in VUE among previous studies may be due to associated pregnancy complications

and other confounding factors.

Characterization of leukocytic infiltrates is crucial for an understanding of the pathogeneic

mechanisms of inflammatory lesions. This study was performed to determine whether VUE is

purely a maternal inflammatory reaction and to profile the major population of T cells (CD4+

T cells versus CD8+ T cells) in VUE associated with various pregnancy complications [e.g.

IUFD, intrauterine growth restriction (IUGR), preterm premature rupture of membranes

(PPROM), and preeclampsia] and normal term pregnancy. Chromogenic in-situ hybridization

(CISH) using a Y chromosome-specific probe and immunohistochemistry for T-cell and

macrophage markers were employed to address these questions.

Materials and methods

Tissue samples

A total of 45 cases with VUE were retrieved from the Bank of Biological Materials of the

Perinatology Research Branch, National Institute of Child Health and Human Development.

All of the specimens were obtained from patients at 22-42 weeks' gestation without any clinical

evidence of infection in the mothers or babies. Ten cases of placentas from male neonates

containing a prominent macrophage response were selected for CISH analysis of the Y

chromosome in the macrophages. The cases included normal full-term deliveries (n=4),

preeclampsia (n=3), preterm labor (n=2) and IUGR (n=1). Additionally, 35 cases for T-cell

subset analysis included IUFD (n=5), IUGR (n=6), PPROM (n=7), preeclampsia (n=7) and

normal term delivery (n=9).

Chromogenic in-situ hybridization

CISH was performed on paraffin sections using a Y chromosome-specific probe (DYZ1;

Zymed, San Francisco, CA, USA) following the protocol provided by the manufacturer.

Briefly, deparaffinized sections were incubated for 15 min at 121°C in Spot-Light Tissue Heat

Pretreatment Buffer (Zymed) and were immediately washed in distilled water twice for 3 min

each. Sections underwent enzymatic digestion at 37°C for 10 min using the Spot-Light Tissue
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Pretreatment Enzyme (Zymed), followed by washing and dehydration in a series of graded

alcohols. After allowing the slides to air dry, 15 μl of the probe were added to the slides.

Denaturation was performed at 95 °C for 5 min, followed by hybridization for 16 h at 37°C in

a humidified chamber. Y chromosome immunodetection was observed using the CISH

centromeric detection kit (Zymed). Slides were then briefly counterstained with hematoxylin

and mounted.

Immunohistochemistry

Serial sections (5μm thick) were obtained from each case and subjected to

immunohistochemistry using a panel of antibodies: murine monoclonal anti-CD3 (PS1;

Novocastra, Newcastle, UK; 1:50), murine monoclonal anti-CD4 (1F6; DiNona, Seoul, Korea;

1:50) and murine monoclonal anti-CD8 (C8/144B; Dako, Carpinteria, CA, USA; 1:50).

Deparaffinization, antigen retrieval and immunohistochemistry were performed with an

automatic immunostainer (Ventana Discovery; Ventana Medical Systems, Inc., Tucson, AZ,

USA). The signals were detected using a 3′3′-Diaminobenzidine (DAB) MAP™ kit (Ventana

Medical Systems, Inc.). The number of specific antigen-positive cells was counted using image

analysis software (Image-ProPlus; Media Cybernetics, Silver Spring, MD, USA) in five high-

power fields of affected areas (one high-power field = 0.093 mm2). The proportion of CD4+

T cells and CD8+ T cells to CD3+ T cells was calculated. The inter- and intra-observer

reproducibility for counting was evaluated by the intraclass correlation coefficient (ICC).15

The inter-observer ICC was >0.80 and the intra-observer ICCs for observers 1 and 2 were

>0.90, indicating excellent reproducibility.

CD68 and CD14 double staining on consecutive sections was also performed using an

automated immunostainer (Dako) in cases for CISH analysis. Endogenous peroxidase was

quenched with 3% hydrogen peroxide. After blocking with normal mouse serum, the sections

were incubated with murine monoclonal anti-human CD14 (7; Novocastra; 1:500). Sections

were incubated with the secondary antibody, biotinylated antimouse immunoglobulin.

Following incubation with streptavidin- horseradish peroxidase, DAB was used as a

chromogen. Sections were then treated with proteinase K (Dako) prior to the incubation with

a second primary antibody, murine monoclonal anti-human CD68 (PG-M1; Dako; 1:200).

After incubation with anti-CD68, sections were incubated with biotinylated antimouse

immunoglobulin, the secondary antibody. The sections were sequentially incubated with

streptavidin-alkaline phosphatase as well as a second chromogen, Vector blue (Vector

Laboratories, Burlingame, CA, USA). Double immunohistochemistry for mouse monoclonal

Ki67 (MIB-1; Dako; 1:200) and CD68 was also performed using the Ventana Discovery

autostainer.

Statistical analysis

Kruskal-Wallis and Mann-Whitney U-tests were employed to analyze differences in

immunophenotype profiles of leukocytes among and between clinical groups. Using the

statistical package SPSS version 12.0 (SPSS, Inc., Chicago, IL, USA), a P-value of <0.05 was

considered to be significant.

Results

Macrophage origin was readily determined by the presence or absence of the CISH signal from

Y chromosomes in the nuclei of macrophages defined as CD68+ or CD14+ cells in serial

sections (Figure 1A,B). The signal appeared as a distinct granular spot in the nucleus. The

majority of macrophages in the villous stroma were positive for CISH, indicating their fetal

origin. Intervillous mononuclear inflammatory infiltrates (of maternal origin) were consistently

negative (Figure 1B). A small number of CISH–macrophages were also encountered in the

Kim et al. Page 3

Histopathology. Author manuscript; available in PMC 2010 July 2.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



villous stroma. Immunohistochemistry for Ki67 revealed frequent nuclear labeling of

macrophages and lymphocytes in the villous stroma and intervillous mononuclear cells.

Prominent Ki67 immunoreactivity in the inflammatory cells of the villous stroma easily

identified VUE-affected areas compared with unaffected areas (Figure 1C,D). CD14

immunoreactivity was much stronger in macrophages in the foci of VUE compared with that

of Hofbauer cells in unaffected villi of the same placenta and in contrast to the constant CD68

immunoreactivity in macrophages of both affected and unaffected villi.

The clinical characteristics of the cases for T-cell subset analysis are summarized in Table 1.

CD8+ T cells were predominant among T lymphocytes in VUE associated with various

obstetrical conditions, and the CD4+: CD8+ ratio ranged from 0.02 to 0.87 (median = 0.31)

(Figure 2). The percentage of CD4+ T cells to CD3+ T cells, that of CD8+ T cells to CD3+ T

cells, and CD4+ to CD8+ ratios were not significantly different among the study groups (Table

2; P > 0.05). There were no significant differences in those parameters between preterm

(gestational age < 37 weeks; n=16) and term (gestational age ≥ 37 weeks; n=19) cases (P >

0.05).

Discussion

Pregnancy inevitably presents an interaction of cells between mother and fetus. VUE is an

inflammatory reaction in which the presence of maternal leukocytes in fetal tissues (chorionic

villi) has been clearly documented. This study has unveiled two additional aspects of VUE:

first, fetal placental macrophages (Hofbauer cells) are another primary histological component

of VUE; second, maternal CD8+ T cells are the predominant T cells involved in VUE

associated with a variety of obstetrical conditions, including normal pregnancy.

Hofbauer cells are resident tissue macrophages of the placenta. Their population remains

constant throughout gestation, occupying around 40% of villous stromal cells.16 Along with

their close anatomical relationship to villous trophoblast and fetal capillaries, the expression

of Class I and Class II major histocompatibility complex antigens and Fc receptors support an

important role for them in immunological reactions, including antigen presentation.17,18

Frequent Ki67 labeling of macrophages involved in VUE suggests that they are hyperplastic

Hofbauer cells, as blood-derived ‘exudate’ macrophages are less proliferative and resident

macrophages have more proliferative potential.19 Previous studies have demonstrated mitosis

in Hofbauer cells and suggested that mitosis of Hofbauer cells could allow for a rapid increase

in numbers when required.20 Increased immunoreactivity of CD14 in the activated Hofbauer

cells of the affected villi is similar to up-regulation of CD14 in Kupffer cells after

lipopolysaccharide stimulation21 and in microglia of ischemic or traumatic brain lesions.22,

23 Although we cannot exclude the possibility that some maternal macrophages are involved

(a few CISH– cells could be of either fetal or maternal origin due to limitations in the

interpretation of CISH results in a given plane of tissue section), it is evident that the majority

of the macrophages are Y chromosome-positive fetal cells. CISH provided an excellent and

definitive platform for sex typing of the cells with preservation of morphological details, as

has been demonstrated in other studies.24,25

The relevance of CD8+ T-cell predominance found in this study is supported by previous

observations. CD8+ cells were dominant over CD4+ cells in limited examples of VUE and

infectious chronic villitis.13,14 In chronic chorioamnionitis, which is commonly associated

with VUE, CD3+/CD8+ T cells have been found more frequently than CD3+/CD4+ T cells.
26 One previous study has reported a rarity of CD8+ T cells with an excess CD4+ T cells in

VUE.9 The discrepancy with our observation might be due to differences in applied

immunohistochemical methods, sensitivity of antibodies used, or other confounding factors.

A weakness of our study is that a limited number of cases was available in each group, making
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matching for gestational age among the groups impossible. However, CD8+ predominance

was found in all the groups compared, showing no difference between preterm and term cases.

The key feature of VUE, based on the observations in this study, is the involvement of

hyperplastic Hofbauer cells and maternal T cells. The involvement of Hofbauer cells raises

nosological issues about how the inflammatory reaction in VUE should be defined. VUE has

been likened to an allograft rejection of the mother (recipient) to fetal antigens (donor). Donor

macrophages are involved in allograft rejection, especially in the early stage, along with

recipient T cells and macrophages.27 However, the placenta is unique from conventional organ

transplantation models, in that true vascular anastomosis between the mother and the placenta

is never established, and that it is also part of another viable host—the fetus. Therefore,

infiltration of chorionic villi by maternal T cells is comparable to the transplantation of

immunocompetent allogeneic immunocytes into a fetal organ, which would potentially

establish an analogous situation to graft-versus-host disease (GVHD) by maternal T cells

(graft) in the fetal (host) compartment. Either active immune suppression by fetal regulatory

T cells or a passive form of immune suppression by a functional deficit in the fetus might

contribute to the development of GVHD by immunocompetent maternal T cells.28

Graft-versus-host disease is associated with the activation, proliferation and differentiation of

allogeneic T cells into effector cells by antigen-presenting cells (APCs), and tissue damage.

Animal studies clearly indicate that host APCs are required to initiate T-cell-dependent acute

GVHD and local tissue-resident APCs control the recruitment of alloreactive donor CD4+ or

CD8+ T cells during the effector phase.29-31 Chemokines and their receptors play a major role

in the taxis of alloreactive T cells by macrophages and dendritic cells in GVHD and are

important for the migration of donor-derived T cells into GVHD target organs.32,33 A rat

GVHD model has demonstrated that there is activation and expansion of the responding

microglia, the resident macrophage of the central nervous system, following CD4+ T-cell

infiltration in the brain.34 It is noteworthy that the central nervous system is similar to the

placental environment in that the resident lymphocytic population is minimal. The model of

interaction between T cells and microglia might be relevant for VUE where maternal T cells

interact with Hofbauer cells of fetal origin. Whereas the role of resident macrophages is

fundamental for the development of GVHD, microglia can induce both final effector functions

and apoptosis of T cells, indicating that resident macrophages induce apoptosis of effector T

cells in vivo.35 It is possible that Hofbauer cells play a similar role in inducing the effector

function of maternal T cells and eventual apoptosis, so that the fetus can be rescued from

detrimental propagation of GVHD.

In conclusion, the findings reported here strongly suggest that VUE is analogous to either an

allograft rejection or a placental GVHD, where maternal T cells and fetal macrophages are key

partners. A recent report on VUE in the placenta from a male fetus demonstrating the

predominance of maternal T cells and fetal macrophages using a new conjoint

immunohistochemistry-in situ hybridization procedure is quite consistent with our data.36

Further investigations on the interaction between maternal T cells and Hofbauer cells,

especially on the role of Hofbauer cells in the initiation, progression and resolution of VUE,

are necessary for an understanding of the clinical and biological significance of this intriguing

inflammatory lesion of the human placenta.
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Abbreviations

APC antigen-presenting cell

CISH chromogenic in-situ hybridization

GVHD graft-versus-host disease

ICC intraclass correlation coefficient

IUFD intrauterine fetal demise

IUGR intrauterine growth restriction

PPROM preterm premature rupture of membranes

VUE villitis of unknown etiology
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Figure 1.

A, Double staining for CD14 (brown) and CD68 (blue) detects an increased number of

macrophages in the villitis of unknown etiology (VUE)-affected area. B, Chromogenic in-

situ hybridization using a Y chromosome-specific probe (DYZ1) shows that a majority of the

macrophages have a distinct intranuclear hybridization signal indicating that they are of fetal

origin, whereas intervillous mononuclear inflammatory infiltrates of maternal origin are

consistently negative (right upper part). C, VUE-affected areas are easily recognized by

prominent Ki67 immunoreactivity in the inflammatory cells of the villous stroma (right side),

when compared with unaffected areas (left side). D, Double immunohistochemistry for Ki67

(brown) and CD68 (blue) shows proliferating macrophages with Ki67 nuclear labeling

(arrowheads).
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Figure 2.

Immunohistochemical features of villitis of unknown etiology (VUE) taken from two

representative cases (case 1 and case 2). Necrotizing villous inflammation is present in both

cases. Immunohistochemistry for a panel of T-cell antigens shows that the majority of

infiltrating CD3+ T cells is positive for CD8. CD4+ T cells are sparsely distributed.
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