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Villitis of unknown etiology (VUE) is a common
placental lesion and an important cause of intra-
uterine growth retardation and recurrent repro-
ductive failure. Two theories bave been proposed
to explain VUE. One proposes that VUE is an ex-
clusively fetal immune response to microbial an-
tigen, whereas the other suggests that maternal
cells cross the maternal-fetal interface and mount
an immune response to fetal antigens. To differ-
entiate between these alternatives, we performed
in situ bybridization using X and Y chromosome-
specific probes and immunostaining for CD3 and
CD45 on VUE placentas from male infants. A total
of eight foci and 40 villi were studied from four
male VUE placentas. Controls included nonaf-
JSected villi from each male VUE placenta, a female
VUE placenta, and male and female tonsils. Af-
JSected villi showed a major proportion of XX (ma-
ternal) cells (range 30 to 54%). An appropriate
percentage of the remaining (fetal) cells con-
tained Y chromosomes. The fraction of cells
within the eight foci staining for CD3 (T lympbo-
cytes) ranged from 34 to 57%, whereas the frac-
tion staining for CD45/LCA (total leukocytes)
ranged from 45 to 74%. The proportion of mater-
nal cells within each focus was significantly cor-
related with the number of CD3-positive T lympho-
cytes but not with the number of CD3-negative
leukocytes. We conclude that maternal cells, prob-
ably CD3-positive T cells, cross the maternaofetal
barrier and participate in VUE. (Am J Pathol
1993, 143:473—479)

Chronic villitis is characterized by an accumulation of
chronic inflammatory cells in the fetally derived

stroma of placental villi. A small percentage of cases
have a recognizable infectious etiology, usually one of
the TORCH group of organisms,’ but the great ma-
jority of cases are idiopathic. These latter cases have
been termed villitis of unknown etiology (VUE). VUE
is an important cause of intrauterine growth retarda-
tion and recurrent reproductive failure and is one of
the lesions associated with an elevation of midtrimes-
ter serum a fetoprotein.2-¢ Clinical sequelae of VUE
generally parallel the extent of disease.

There are two outstanding questions regarding the
pathogenesis of VUE. The first is the nature of the
eliciting antigen. Whereas unrecognized infections
can never be totally excluded, some have suggested
an alternative hypothesis, that VUE might represent a
type of host-versus-graft or graft-versus-host reac-
tion.>7 Central to addressing the identity of the elic-
iting antigen is an understanding of the composition
of the inflammatory infiltrate. Whereas a number of
studies have provided phenotypic characterization of
this infiltrate,”® the second and most fundamental
question regarding VUE is whether the villous inflam-
matory cells are derived from the fetus, the mother, or
both. If they are exclusively fetal in origin, then reac-
tion to exogenous antigen is the most probable patho-
genetic mechanism. If they are at least partially ma-
ternal in origin, a more interesting scenario emerges
where maternal cells cross the maternofetal barrier
and respond to either exogenous microbial products
or endogenous fetal antigens.

In this study, we have used two techniques, in situ
hybridization with X and Y chromosome-specific
probes and immunostaining for inflammatory cell
markers to study the lineage of the villous stromal in-
filtrate in VUE and discover if a substantial proportion
of these cells are CD3-positive maternal T lympho-
cytes.
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Materials and Methods

Cases of presumed VUE involving a male fetus
were obtained from our recent files. The clinical
charts of both mother and fetus were reviewed. In
all cases, thorough serological studies excluded in-
fection by organisms of the TORCH group. No in-
fants showed clinical signs of congenital infection.
Close inspection of multiple placental sections re-
vealed no evidence of viral inclusions, toxoplasma
cysts, or typical features seen with TORCH infection
(i.e., villous plasma cells, stromal calcification,
chronic membranitis, and funisitis). Finally, in se-
lected cases (diffuse villitis), Warthin-Starry stains
were performed to exclude spirochetes and bacte-
ria. On this basis, the cases selected were classi-
fied as VUE. Severity of villitis was graded accord-
ing to published criteria.’® A total of six male plus
two control female cases were studied. Paraffin
blocks were serially sectioned at 4 p and applied to
silanized slides. Consecutive sections were stained
as described below for the number of X chromo-
somes, CD3 antigen, the number of Y chromo-
somes, and CD45/leukocyte common antigen
(LCA). The serial section approach was chosen af-
ter attempts at double staining using in situ hybrid-
ization plus immunoperoxidase were unsuccessful.
Sections flanking these four slides were in some
cases stained for other inflammatory cell markers.
Slides from four male placentas showed adequate
staining of X and Y chromosomes, CD3, and CD45/
LCA. Suboptimal tissue morphology precluded fur-
ther evaluation in one case. One of the two female
placentas showed adequate morphology and stain-
ing for all markers. Details of the five cases evalu-
ated are shown in Table 1.

Chromosomal in situ hybridization was performed
using the Oncor-Light System (Oncor Inc., Gaithers-
burg, MD). Biotin-labeled probes against the DXZ1
a satellite locus on the X chromosome and both the
DYZ1 a satellite and the DYZ3 classical satellite loci
on the Y chromosome were used, the latter two as a
probe cocktail. Briefly, sections on silanized slides
were baked at 65 C overnight, incubated for 15

Table 1. Clinical and Pathological Characteristics of VUE Cases

minutes at 37 C with a protein digesting solution,
then washed, and dehydrated through serial alco-
hols and acetone. Slides were hybridized overnight
at 37 C with biotin-labeled probe at 2 ng/ul of hy-
bridization solution following rapid denaturation of
probe and target DNA at 90 C for 10 minutes. Fol-
lowing hybridization, the slides were washed three
times at low stringency (2X SSC 50% formamide)
and once at high stringency (0.1x SSC), all at 37 C.
The detection system utilized consecutive incuba-
tions with a blocking reagent, avidin, peroxidase-
labeled anti-avidin, and diaminobenzidine. The ca-
pacity of the technique to differentiate between
male and female cells was established using
formalin-fixed, paraffin-embedded male and female
tonsillar tissue.

Immunoperoxidase staining was performed using
standard methods. Briefly, sections were deparaf-
finized to 70% alcohol and endogenous peroxidase
was blocked with 3% H,0, in methanol. Sections
were preincubated in 20% serum of the species
from which the secondary antibody was raised and
the primary antibody was applied. After overnight
incubation at room temperature, the secondary bi-
otinylated antibody was applied for 30 minutes.
Staining was visualized using the Vector Elite Sys-
tem (Vector Laboratories, Burlingame, CA) with di-
aminobenzidine as the chromogen. Sections were
counterstained in dilute hematoxylin. The primary
antibodies used were as follows. Leukocyte com-
mon antigen (CD45/LCA), mouse monoclonal anti-
body (Dako, Carpinteria, CA); T lymphocyte CD3
complex (CD3), polyclonal rabbit antiserum (Dako);
monocyte-macrophage antigen (CD68), mouse
monoclonal antibody (Dako); and macrophage-
specific HAM 56, mouse monoclonal antibody
(Enzo Diagnostics, Syosset, NY).

Foci of VUE were defined for the purposes of this
study as discrete regions within each placenta con-
taining 15 or more chronically inflamed nonstem villi
within an area less than or equal to 10 mm in diam-
eter. Two foci with VUE plus an additional control fo-
cus without VUE were aligned and marked on each

Infant Gestational Grade of
Case no. sex age villitis* Clinical history
1 Male 40 Severe IUGR,T Gestational diabetes
2 Male 41 Severe Infant with meconium peritonitis
3 Male 36 Mild Premature rupture of membranes
4 Male 42 Moderate Postdates
5 Female 38 Moderate Premature rupture of membranes

* Criteria of Knox and Fox (ref. 10).
1 IUGR: intrauterine growth retardation.



of the four serial sections (stained consecutively for
X chromosome, CD3, Y chromosome, and CDA45/
LCA). Subsequent evaluation was performed manu-
ally using a 100-mm? eyepiece reticle at 400X total
magnification. Five nonstem villi of less than 100
mm? total surface area and containing at least 100
evaluable cells were scored within each focus. Only
nonstem villi that retained a circumferential lining of
syncytiotrophoblast and lacked stromal necrosis
were selected. For control foci, where individual villi
did not contain 100 cells, five separate groups of
contiguous villi totaling at least 100 stromal cells
were evaluated. All villous stromal cells were scored
for the presence of 0 to 2 positive X or Y chromo-
somal signals and the presence or absence of cell-
surface staining for CD45/LCA and CD3. Cells at
the margins of the villi, mostly trophoblast, were not
counted. Results were expressed as the mean and
standard deviation of the five individual (or groups
of contiguous) villi enumerated for each VUE or
control focus.

The data was further analyzed as follows. The
percentages of XX- and Y-positive cells were cor-
rected for plane of section by dividing the mean for
each focus by the percentage of positively staining
cells in female and male tonsils respectively. The
percentage of maternal cells was then calculated
by normalizing the percentages of XX- and
Y-positive cells to 100%. In most cases, these totals
were already close to 100% (range 86 to 119%).
CDg3-negative leukocytes were estimated by sub-
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tracting the percentage of CD3-positive cells from
the percentage of CD45/LCA-positive cells for each
focus. Pearson correlation coefficients were calcu-
lated between percent maternal cells and percent
CD3-positive cells and between percent maternal
cells and percent CD3-negative cells. Significance
was evaluated using two-tailed t-tables.

Results

We first established that X and Y chromosome-
specific probes could differentiate between male
and female cells in paraffin-embedded sections.
Because of the 4-j plane of section (and other fac-
tors), not all female cells stain for two copies of the
X chromosome and not all male cells stain for one X
and one Y chromosome. Also, cells undergoing mi-
tosis can have more than the expected number of X
and Y chromosomes. It was therefore necessary to
empirically determine the staining patterns of male
versus female cells (Table 2). This was done using
three types of controls. Because we believed that
most cells in VUE were lymphocytes, we initially
evaluated male and female tonsils. The results of
tonsillar staining showed that 74% of male cells
stained for one Y chromosome, whereas 61% of fe-
male cells stained for two X chromosomes. Next, we
tested the VUE placenta from a female infant (case
no. 5), where both fetal and maternal cells would be
female. Results from VUE and control foci in this

Table 2. Percentage of Villous Stromal Cells Staining Positively for X and Y Chromosomes, CD3, and CD45/LCA

X-Chromosomal probe

Y-Chromosomal probe

Case
no. Sex  Focus XX* XO 00 (0)4 00 CD3 CD45/LCA
1 Male 1 30.4+ 10411 246+523 302+ 11.12 27.4+802 660+840 568=+427 742+084
2 30.0 + 3.61 386+6.19 194+546 354+555 61.0+4.85 40.8x11.10 59.2 +4.27
Control 09+104 253+171 73.8+275 683+263 27.8+3.00 20+303 1481295
2 Male 1 332+6.14 346+744 256+891 402+421 584+541 3381915 448+6.34
2 296+523 470+552 153+897 440+430 536+472 338+867 506+513
Control 31+158 460+7.36 504+684 648+526 350+557 32+181 182+3.12
3 Male 1 540+455 328+630 25+208 220+842 748+ 1226 568+ 370 67.6+4.34
2 414+ 1400 340+846 139+9.30 31.8+2382 68.2+23.80 51.0+13.40 67.4+7.27
Control 33+091 678+421 290+500 69.0+534 298+3.42 19+076 2041230
4 Male 1 3741472 542+850 66516 426+986 532+909 388+6.38 634+8.39
2 34.0 + 3.81 550+430 11.2+217 482+531 508+6.06 406+555 608x455
Control 31+235 770x7.75 186+764 764+261 226+336 04+089 158+7.53
5 Female 1 65.4+477 294+503 3.7+x378 0 100 60.2 +6.42 654+ 398
2 58.8+363 350+394 53x6.46 0 100 48.8 + 850 62.0+6.04
Control 59.8 +545 316+152 59257 0 100 20+092 96219
Female tonsil 61.3+591 278+ 330 9.3+3.10 0 100
Male tonsil 54+109 750+6.73 156+581 738+6.08 250+6.78

* XX = 2 copies of X; XO = 1 copy of X; OO = no chromosomal staining; YO = 1 copy of Y.
t Mean and standard deviation for five villi; 100 cells counted for each.
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placenta showed that 59 to 65% of cells expressed
two copies of the X chromosome, in close agree-
ment with the results in tonsils. Finally, we evaluated
the four non-VUE control foci in male placentas with
VUE. A single copy of the Y chromosome was de-
tected in 65 to 76% of cells from these cases, again
showing close agreement with tonsillar controls. The
final possible control, evaluating areas of villitis in
male placentas that lack female cells, could not be
done because, as shown below, all foci of villitis
contained maternal cells.

Next, we evaluated the X and Y chromosome
profiles of cells in male cases of VUE. The results
obtained from analysis of 40 affected villi in eight
separate foci from four different cases ranging from
mild to severe in severity were surprisingly uniform.
Table 2 shows means and standard deviations
within each focus for each chromosomal staining
profile. Between 30 and 54% of cells in foci of VUE
contained two copies of the X chromosome. Stan-
dard deviations for the proportion of XX cells were
generally low (six of eight less than 7.0, maximum
14.0), suggesting uniform involvement of villi within
each focus. Accepting that between 0.9 and 5.4%
of male cells will have two X chromosomes (pre-
sumably due to mitosis) and comparing these num-
bers to the 59 to 65% positive rate in exclusively fe-
male tissues, this indicates that a major fraction of
the cells in foci of VUE are maternal in origin and
must have crossed the maternofetal trophoblastic
barrier. On the other hand, 22 to 48% of cells in
VUE foci contained a Y chromosome and hence
were fetal in origin. This latter result can be com-
pared to the finding of 65 to 83% of Y chromosome-
positive cells in non-VUE foci. An example of the
observed pattern of X and Y chromosomal staining
in VUE is shown for serial sections of the same villus
in Figure 1, A and C.

We then studied the composition of the inflamma-
tory infiltrate by staining for CD45/LCA (total leuko-
cytes) and CD3 (T lymphocytes). Other investiga-
tors®® and our own unpublished results suggest
that B lymphocytes and plasma cells are generally
not present in foci of VUE. We found that the differ-
ence between the percentage of CDA45/LCA-
positive and CD3-positive cells was almost entirely
accounted for by cells that stained with both CD68
and HAM 56 and hence were of presumed
monocyte-macrophage origin (results not shown).
Table 2 shows that CD3-positive T lymphocytes
were rare in noninvolved villi (1 to 3%) but prevalent
in foci of VUE (34 to 57%). Figure 1B shows fre-
quent CD3-positive cells in a serial section from the

~

Figure 1. X and Y chromosome-specific in situ bybridization and
CD3 staining in VUE. The three pbotographs are from serial sections
of a single villus from case no. 3. A. X chromosome in situ bybridiza-
tion: multiple cells throughout the villus show two dark dots overlying
the nucleus, marking them as being of maternal origin. B. CD3 im-
munostaining: a sul ial proportion of infiltrating cells are darkly
stained CD3-positive T lymphocytes. C. Y chromosome in situ bybrid-
ization: only a minority of cells show a single dark dot overlying the
nucleus, marking them as being of fetal origin.

same affected villus, whose X and Y chromosomal
staining pattern is illustrated in Figure 1, A and C.
In the absence of double staining, it is not possi-
ble to state definitively whether the marked increase
of T lymphocytes in foci of VUE is accounted for by
maternal cells, fetal cells, or both. To gain some in-
sight into this question, we looked more carefully at
the composition of the inflammatory infiltrate. The
average proportions of XX-bearing maternal and
Y-bearing fetal cells in each of the eight foci of VUE
were corrected for plane of section and normalized



to 100% as described in the Materials and Methods
section. This calculation revealed that between 50
and 75% of cells within villi with VUE are of maternal
origin. The calculated proportion of maternal cells
was then plotted against the percentage of CD3-
positive cells (Figure 2A) and the percentage of
non-CD3-positive leukocytes (% CD45/LCA-positive
minus % CD3-positive, Figure 2B) for each of the
eight foci of VUE. Correlation between the percent-
ages of maternal cells and leukocyte subsets was
determined by the Pearson rank correlation test. A
significant positive correlation was found between
the percentage of maternal cells and the percent-
age of CD3-positive T lymphocytes (r = 0.74, P <
0.05), whereas there was a nonsignificant inverse
relationship between maternal cells and non-CD3-
bearing leukocytes (r = -0.34, NS).

Discussion

Isolated foci of VUE are found in 8 to 14% of all pla-
centas.2'® Much less commonly, when extensive,
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Figure 2. Correlation between the proportion of maternally derived
cells and CD3 antigen status in foci of VUE. The eight data points on
each graph represent means derived from the five villi evaluated for
each of the eight independent foci of VUE from cases 1 to 4. The
graphs plot the percentage of maternal cells (calculated as described
in the text) versus the percentage of total villous stromal cells staining
Dpositively for CD3 (A) and the percentage of total villous stromal cells
staining positively for CD45/LCA, but lacking CD3 (%CD45 to
%CD3).
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VUE can cause significant pathology such as in-
trauterine growth retardation and recurrent repro-
ductive failure.®® Two competing schools of thought
have dominated consideration of VUE (discussed in
ref. 11). First are those who stress the obvious par-
allels between VUE and the villous inflammation as-
sociated with TORCH-type infections. These ob-
servers argue, by analogy, that VUE is most likely to
be a fetal response to microbial antigen.™'2 It is no-
table that despite intense scrutiny over a number of
years, no evidence implicating any infectious agent
has been found for this quite common lesion. The
second group of investigators have suggested that
VUE represents an allograft reaction between ma-
ternal and fetal cells. Supporting this hypothesis are
the tendency of VUE to recur in some patients,3° an
association with markers of maternal autoimmunity,®
the predominance of CD4-positive T helper cells
and la antigen-bearing macrophages,” and by de-
fault the absence of any evidence for infection. It is
often assumed that the first hypothesis implies that
VUE is an exclusively fetal immune response,
whereas the second hypothesis indicates that only
maternal cells play a role. It is important to stress
that there is no a priori reason for this bias. An in-
fection might elicit a primarily maternal response,
whereas an allograft reaction could be dominated
by the fetal response to a few maternal cells that
may have wandered across the maternofetal barrier.
The important questions are: do maternal cells enter
fetal tissues during VUE and, if so, what are the
long-term consequences of this intermingling of his-
toincompatible immune cells?

The study of VUE has been hampered by the in-
ability to make the diagnosis prospectively. For this
reason, fresh tissue is rarely available for study. Re-
cent advances have made it possible to determine
directly the percentages of maternal and fetal cells
in VUE using X- and Y-specific chromosomal probes
on archival paraffin blocks. This technique,
chromosome-specific in situ hybridization, has pri-
marily been utilized for the analysis of karyotypes in
malignant tumors and spontaneous abortions (re-
viewed in ref. 13). An earlier application of this tech-
nique, however, was for the analysis of experimental
chimeras.™ It is in this context that chromosomal in
situ hybridization was the natural approach for ad-
dressing the long-standing question of the origin of
the inflammatory infiltrate in VUE. The results of this
study conclusively demonstrate for the first time that
maternal cells are a major component of the inflam-
matory infiltrate in VUE.

Having established that maternal cells participate
in VUE, we sought to characterize further the nature
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of the infiltrating cells. CD3 is a component of the T
cell antigen receptor and, hence, is a specific
marker for antigen-specific T lymphocytes.’® The
marked increase and predominance of CDS3-
positive cells in foci of VUE plus the strong positive
correlation between the numbers of maternal and
CD83-positive cells strongly suggest that VUE is the
consequence of invading maternal T lymphocytes.
Consistent with this interpretation, our immu-
nostained sections showed CD3-positive cells sur-
rounding and crossing the trophoblastic barrier
(data not shown). Rare T lymphocytes were also
seen in fetal vessels at foci of VUE. We have not
stressed these immunohistological observations be-
cause, in the final analysis, there is no way to prove
using immunostaining alone whether the flow of
cells is from maternal to fetal tissue or vice versa.
Likewise, cells in the fetal circulation could be either
fetal T lymphocytes traveling to the villus or mater-
nal T lymphocytes moving toward the fetus. Unfortu-
nately, determining the lineage of cells within fetal
vessels was beyond the resolution of the in situ hy-
bridization method.

Whether T lymphocytes in the fetal circulation are
fetal or maternal may vary in individual cases and
could have profound implications for pregnancy
outcome. Invasion of the fetus by maternal cells is a
well-known phenomena in rodent pregnancies and
leads to a form of lethal graft-versus-host disease
known as the runting syndrome.’® In cases of se-
vere growth retardation, stillbirth, or recurrent fetal
loss associated with VUE, maternal cells could
cause fetal pathology by this mechanism.'” On the
other hand, a prompt and aggressive fetal immune
response to invading maternal cells might serve to
limit the spread of maternal cells to the fetus. A sec-
ond mechanism that might limit access of maternal
cells to the fetal circulation is the striking obliteration
of fetal vessels that commonly occurs in cases of
VUE and that serves as a useful histological clue for
identifying foci of VUE at low power in tissue sec-
tions.

Questions that cannot be directly answered by
this study are the nature of the eliciting antigen and
the pathogenesis of the lesion. As stated above, the
finding of maternal T lymphocytes in VUE does not
exclude an infectious etiology. In fact, preliminary
results from our laboratory suggest that maternal T
lymphocytes are also found in a small number of
the most severely affected villi of placentas with
congenital syphilis and cytomegalovirus infection.
Regarding the pathogenesis of the lesion, we would
suggest that the pathological lesion, VUE, must rep-
resent multiple independent foci of maternal cell in-

filtration because it typically involves multiple con-
tiguous groups of villi, not all of which belong to the
same villous tree. This would imply that whole
groups of villi become susceptible to infiltration by
maternal leukocytes, perhaps due to local condi-
tions that alter the trophoblastic barrier. Possible
mechanisms might include altered expression of
adhesion molecules by either leukocytes or tropho-
blast, regional ischemic damage to trophoblast, or
utilization of perivillous fibrin, which commonly ac-
companies VUE, as a bridge for invading leuko-
cytes. Each may be operative in individual cases.
We propose the following working model. Initially,
maternal cells enter individual villi where they en-
counter foreign transplantation antigens. The early
maternal immune response leads to either the clo-
sure of fetal vessels or the recruitment of fetal lym-
phocytes that attack maternal cells. In some cases,
the local immune response gains sufficient momen-
tum, perhaps through the elaboration of cytokines,
to promote the infiltration of surrounding villi leading
to the lesion we recognize as VUE. In selected
cases, the immune stimulation is sufficiently intense
to cause severe villitis with profound consequences
for the fetus. Factors influencing the development of
severe villitis could include the nature of the eliciting
antigen or the frequency of circulating antigen-
specific maternal T cells. One reason for a high fre-
quency of specific maternal T cells might be prior
exposure, and this could account for recurrent villi-
tis. Another important consideration is that, as men-
tioned above, a weak or inadequate local immune
response might allow unimpeded spread of mater-
nal cells resulting in fetal engraftment and graft-
versus-host disease. This possibility is being evalu-
ated in ongoing studies in our laboratory.

In conclusion, we have demonstrated that mater-
nal cells are a major component of VUE and that
many of these infiltrating cells are T lymphocytes.
This, together with other observations showing a
predominance of the CD4 helper/inducer T lympho-
cyte subset and diffuse local la antigen induction,
reveal VUE to be an interesting example of
maternal-fetal cell interaction that has potentially
significant implications for pregnancy. Future work
needs to specifically address the precise nature of
the eliciting antigen and the specific factors that
predispose some women to more severe lesions.
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