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treatment trials including oral prednisolone and intravenous immunoglobulins are now
underway. Despite these encouraging developments, there is neither adequate standard-
ization of counting uterine NK cells nor consensus as to what constitutes an abnormal level.

;E(ﬁ‘ﬁ;r:;jum To address this issue, immunohistochemistry was used to examine the presence and dis-
Miscarriage tribution of selected immune cells and macrophages in the endometrium from 222 women
D56 who had a routine endometrial biopsy for investigation of recurrent miscarriage or IVF fail-
Immune cells ure, at various stages of the menstrual cycle, and accessioned prospectively over a 7-month
CD163 period. Biopsies were examined by H+E and immunostained for CD8" T-cells, CD163"*
Egg? macrophages, CD56" NK cells, and CD57" cells. Cell numbers (expressed as immunopos-

itive cells per mm?) were determined in the stroma of the functional layer of endometrium
and the relative concentrations of some cell types (CD163* macrophages, CD56" NK cells)
were expressed as a percentage of all stromal cells. Routine H+E sections revealed 12
patients with focal “endometritis” without plasma cells. CD8* T-cells showed focal perivas-
cular aggregates in most instances, and non-random but scattered cells in all cases, with
a twofold increase in the luteal phase. CD163* cells were distributed evenly throughout
the superficial endometrial stroma and also present as single or clustered macrophages
within the lumens of superficial glands, mostly in the luteal phase. CD56° NK cells showed
“diffuse” but variable distribution throughout the functional layer and perivascular aggre-
gates of various sizes in two thirds of cases. Raw cell counts were low and relatively stable
in the proliferative phase, but increased somewhat during the first half of the secretory
phase, while in the second half of secretory phase they increased six to tenfold. Percentage
counts rose from approximately 5% of stromal cells in the early part of the secretory phase
of the cycle to over 35% in premenstrual endometrium. CD57* cells were present in very
low numbers in most cases. The study illustrates the complexity and variability of immune
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cell infiltration of endometrium. We stress the need for strict counting protocols and atten-
tion to histological criteria if any immunological perturbations potentially responsible for
recurrent reproductive failure are to be identified. Reference ranges for individual cell types
are only valid for individual “days” of a normalized menstrual cycle.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Repeated implantation failure is a distressing, trau-
matic, and expensive clinical phenomenon that encom-
passes both early pregnancy loss and failure of embryo
attachment. The former is well recognized as the syn-
drome of recurrent miscarriage (RM), which affects up
to 1% of the population and is conventionally defined as
“three or more consecutive pregnancy losses prior to 20
weeks gestation” (Pandey et al., 2005). Women with RM
may conceive naturally or by in vitro fertilization (IVF).
As IVF has become a common and accessible treatment
for a wide variety of indications, it has become apparent
that some couples suffer repeated IVF failure (RIF). There
is no consensus definition of RIF. Previous reports have
suggested the failed transfer, for example, of at least ten
cleavage-stage embryos (Tan etal., 2005) or five blastocysts
(Rinehart, 2007). In those women, the repeated transfer of
good quality embryos into the uterine cavity is an indica-
tor of endometrial receptivity and a test for possible early
implantation problems. Currently investigations of RM and
RIF are similar, partly because they may have overlapping
causes (Christiansen et al., 2006), and partly because there
is no alternative.

The vast majority of miscarriages and failed IVF cycles
are due to random genetic abnormalities in the embryo.
Hence, few clinicians would investigate couples with one
or two losses or failures. However, as such events occur
more frequently, conventional investigations can identify
possible underlying causes, such as uterine anatomical
abnormalities, parental karyotype abnormalities, clotting
disorders such as protein C deficiency (Dawood et al.,
2003), and factor V Leiden mutation (Rey et al., 2003)
and antiphospholipid syndrome (Tincani et al, 2003).
In approximately 50% of couples with RM and RIF the
problem remains “unexplained” after such investigation.
While many of those will fall into the “unlucky” cate-
gory of repeatedly abnormal embryo production and/or
attachment, it is possible that some will have problems
with the endometrium involving hormones, cytokines,
growth factors, immunological factors, trophoblast fea-
tures, and local leukocyte populations (Norwitz et al.,
2001). A number of women experiencing recurrent fetal
loss may have a specific defective immune response to the
“semi-allogeneic fetal graft” (Dhont, 2003; Michimataetal.,
2003).

Previous work suggests that maternal leukocyte popu-
lations in the endometrium of some women with recurrent
miscarriages are significantly different from those carrying
the fetus to term (Fukui et al., 1999; Lachapelle et al., 1996;
Tuckerman et al., 2007) or associated with known fertility
(Quenby et al., 1999). However, whether cell numbers are
higher or lower in women with recurrent pregnancy fail-
ure depends on which of the endometrium, early decidua

or peripheral blood is assessed (Wold and Arici, 2005; King
etal,, 2010).

The relationship between the resident populations of
various immune cells and RM or RIF remains an experi-
mental hypothesis. A conspicuous lack of basic data or even
a standardized method of assessing the resident popula-
tions of these cells in the endometrium of women being
investigated for this condition stands out as an important
intermediate step in investigating the problem, at least
by histological techniques. Routinely obtained histolog-
ical material from a large number of women attending
three Australian assisted reproductive technology clinical
networks provided sufficient experience to enable devel-
opment and illustration of a technique and to discuss
observed pitfalls.

2. Materials and methods
2.1. Study sample

Two hundred and fifty-four women attending the
clinics of Sydney IVF (Sydney), IVF Australia (Sydney)
and Repromed (Adelaide and Darwin) for the investiga-
tion and management of RM or RIF, as defined above,
underwent routine diagnostic endometrial biopsy (either
formal dilatation and curettage or Pipelle endometrial sam-
pling) to determine possible endometrial causes, and had
formalin-fixed tissue referred to the GynaePath subspe-
cialty unit of Douglass Hanly Moir Pathology in Sydney
for histological assessment, over a 7-month period from
August 1st 2008 to February 28th 2009. Of these, 222
samples were adjudged to represent histologically normal
endometrium from various stages of a natural menstrual
cycle with adequate material for assessment and accompa-
nied by relevant clinical information confirming eligibility
for the study. The other 32 cases were excluded, most
usually because the patients were having programmed
(artificial) cycles (n=10). In other cases, the endometrium
was regarded as abnormal (e.g., chronic plasma cell
endometritis, polyps, hyperplasia, anovulatory, n=7), the
slides/paraffin blocks were not retrievable from exter-
nal reference laboratories (n=7), the specimen included
decidua or products of conception (n=6) or inadequate or
poor quality material was submitted (n=2). Histological
focal “endometritis” (the presence of periglandular lym-
phohistiocytic infiltrates, but an absence of plasma cells
on careful examination - see below) was not an exclusion
criterion.

The majority of patients had been investigated for other
maternal causes of recurrent pregnancy loss or IVF failure,
such as parental karyotype abnormalities, maternal struc-
tural uterine abnormalities, antiphospholipid and familial
thrombophilia syndromes, and genital tract infections. As
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Table 1
Summary of primary antibodies and immunohistochemical technique.

Antibody  Source Clone Dilution  Antigen retrieval

CcD8 Dako C8{144B 1/100 CC1 (Ventana)
CD163 Novocastra NCL-CD163  1/100 CC1 (Ventana)
CD56 Novocastra NCL-CD564  1/50 CC1 (Ventana)
CD57 Novocastra  NK1 1125 CC1 (Ventana)

patients were not subjected to any additional procedures
to enable the study to be carried out, were not given inter-
views or questionnaires, and as therapeutic implications
of results were neither sought nor offered, advice was
received that there were no ethical issues relevant to this
study.

2.2. Tissue processing

Biopsy material was fixed in 10% neutral buffered for-
malin and all was processed into paraffin within 48 h.
Sections were cut at 4um and stained with hema-
toxylin and eosin (H +E) according to a standard protocol.
Immunostains were prepared on serial sections from the
same block, also cut at 4pm and floated on Super-
Frost Plus coated glass slides (Menzel-Glasner, Germany),
and stained in an auto-immunostainer (Ventana Bench-
mark XT) using ultraView® DAB detection kit (Ventana
Medical Systems). All staining batches included appro-
priate controls and employed commercially available
monoclonal antibodies for CD8*, CD163*, CD56%, and
CD57* and immunohistochemical protocols as outlined in
Table 1.

2.3. Histopathological assessment criteria for
endometrial samples

All histological studies were performed by one specialist
gynecological pathologist (PR). H +E stained sections were
examined to determine the endometrial dating against a
standardized 28-day cycle with ovulation, by convention,
occurring at the end of the 14th day. The endometrium was
dated on the most advanced changes present according to
the protocol of Noyes et al. (1975), with variation from area
to area of greater than 2 days being a potential cause for
exclusion. Clinicians were generally encouraged to perform
the biopsy in the late secretory phase with the intention
of observing the adequacy of luteal phase changes. The
presence and distribution of any obvious inflammatory cell
infiltrates within the stroma or glandular lumens were
noted.

Immunostains were perused, using the following study
criteria:

1. Crude count of each cell type was undertaken in the
stroma of the functional layer (defined for the pur-
poses of the study as within approximately 1 mm of
the identified endometrial surface in the curettage tis-
sue fragments)and avoiding endometrial tissue from the
lower uterine segment and from the basal layer. Fields
for examination were not random, but were specifically
directed to areas showing the most advanced endome-

trial dating and “average” (as opposed to highest or
lowest) cell infiltrates.

2. Only immunostained cells in which whole nuclei
could be identified (“circled” or obliterated by stained
cytoplasm) were counted. Cytoplasmic fragments,
extensions or dendritic processes were not counted.
This was an important criterion since, when percent-
age figures were generated for some cell types, only
whole nuclei (of stained or unstained cells) formed the
denominator. Some cells characteristically showed cyto-
plasmic membrane staining, such as CD56" uNK cells,
which frequently resembled “fried eggs,” while oth-
ers more typically exhibited dense uniform cytoplasmic
immunoreactivity with obliteration of nuclei, such as
CD57* cells and CD163* macrophages.

3. CD8* T-cells and CD56* uNK cells always showed
both diffuse non-random stromal distribution as well
as, quite frequently, perivascular or periglandular
aggregates. Cell counts specifically excluded these
aggregates (as they were impossible to count), but
their presence and prominence were noted. This again
meant that fields chosen for counting could not be
random.

4, CD57" NK cells are common in the peripheral circula-
tion and care is required to exclude CD57" cells that
are within vessels in the endometrial stroma, as well
as extravasated cells in areas of stromal hemorrhage
(which were avoided). As double labeling was not avail-
able to us, it was not possible to discriminate between
CD57* NK cells and CD57* T lymphocytes in the tissues.

5. CD163" macrophages showed both diffuse stromal infil-
trates as well as, frequently, single or clustered cells
with the lumens of superficial endometrial glands. These
latter cells were not counted but their presence and
prominence were recorded.

6. Stromal cell counts were expressed as cells per mm? by
counting five high power fields (HPF) with 40x objective
in stroma alone (approximately 1 mm?) and rounding
out to the nearest 10 cells per mmZ2. When the count
was obviously immeasurably large and more than 100
stained cells were counted ina single HPF, the total count
was expressed as >500/mm?2,

7. Percentage cell counts were performed on a single oil
immersion field (100x) of superficial stroma, adjudged
at lower power to be representative (i.e., of “average” cell
density) in each case. Immunostained cells, as defined
above, were calculated as a percentage ofall stromal cells
(intact whole nuclei of stained and nonstained cells),
counted in that single field. The total number of stro-
mal cells per single oil immersion field varied from
approximately 120 in the mid-secretory phase when
maximal stromal edema was present, to about 160 in
the early and late secretory phase, and a manageable
number (e.g., a single HPF regularly contained >1000
cells).

Derivative data were tabulated according to the day
of the endometrial cycle and mean values and 25th and
75th percentiles were calculated using GraphPad Prism 4
(GraphPad Software Inc., San Diego, CA, USA).
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3. Results
3.1. Pathological endometrial changes

The 222 endometrial biopsy samples were from women
aged 24-45 years (mean 36 years). The endometria were
dated to correspond to a standardized 28-day cycle, and
their distribution according to this dating is given in
Table 2. The vast majority of cases were either day 23
or 24 of the cycle, in accordance with the preferred tim-
ing, but inaccuracy in clinical dating and the exigencies of
patient/clinician convenience gave a reasonable temporal
spread of useful data regarding the whole cycle.

The routine H + E sections revealed little of note. To the
extent that these patients had routinely been screened
for genital tract pathogens and hyperplasias, plasma cell
endometritis, luteal phase defects, and polyps were exclu-
sion criteria, this finding was not unexpected. Nevertheless,
in 12 patients, histological patterns of focal “endometritis”
were observed, consisting of mixed lymphohistiocytic infil-
trates around endometrial glands, frequently infiltrating
the glandular epithelium and producing cellular aggre-
gates within gland lumens, which sometimes included
neutrophil polymorphs (Fig. 1a). These periglandular infil-
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Table 2

Distribution of cases according to endometrial dating (against a stan-
dardized 28-day cycle with ovulation occurring at the end of the 14th
day).

Dating Number
Proliferative 1
Secretory
Day 17 3
Day 18 10
Day 19 6
Day 20 8
Day 21 8
Day 22 9
Day 23 59
Day 24 61
Day 25 38
Day 26 [}
Menstrual 3
Total 222

trates proved to be CD8" T-cells (n=4; Fig. 1b), CD163*
macrophages(n=3; Fig. 1¢), or both cell types (n=5).CD56*
uNK cells also participated in these periglandular infil-
trates to a variable extent (Fig. 1d). Plasma cells were not
seen in the stroma of these cases (an exclusion criterion),

Fig. 1. Proliferative phase endometrium with a mild focal endometritis. A mixed mononuclear cell infiltrate cuffs the endometrial gland, with some cells
infiltrating the glandular epithelium and residing within the gland lumen. (a) H+E 200, (b) CD8* T-cells, (¢) CD163* macrophages, and (d) CD56" uNK
cells.
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Fig. 2. Conspicuously nonsecretory glandular epithelium in otherwise normal late secretory endometrium. This change was seen in either entire glands

(a) or, in some instances, in segments of glands (b). H+E 200x.

confirmed by CD138 immunostains. Yet, we have anecdo-
tal evidence of a few such patients given broad spectrum
antibiotics (Augmentin), with resolution of the process in
follow-up curettage specimens.

Another observation, not exclusive to this group of
patients, but seen with some regularity, was the presence
of solitary or clustered endometrial glands which, despite
advanced (progesterone-induced) secretory phase changes
in adjacent glands and stroma, exhibited a conspicuous
lack of such cellular alterations. Usually, entire glands were
affected (Fig. 2a), but sometimes only a segment of a gland
showed this change (Fig. 2b), and presumably on the basis
of focal aberrations in the receptor status of the glands.

3.2, CD8 cell counts

Immunohistochemically, CD8" T-cells were readily
assessable. The immunostaining was robust, specific, and
varied little in its intensity between cases or at differ-
ent times of the cycle. Two patterns of cell distribution
were apparent - focal and “diffuse.” As noted above, focal
perivascular aggregates were present in most instances,
frequently only small, but sometimes large and dense, the
latter completely obscuring the constituent cells (Fig. 3).
Focal periglandular concentrations were also present in
a small number of cases (Fig. 1b). With participation of
other cell types, infiltration of the glandular epithelium and
the presence of cells or debris in the gland lumens, this
was interpreted as a focal "endometritis” (i.e., inflamma-
tion in the endometrium - see above). We have observed
three such patients in this series in whom the change was
not present in follow-up curettage specimens after broad-
spectrum antibiotic therapy. Perivascular aggregates were
more common in patients in whom the diffuse stro-
mal population was higher, but this was not always the
case. Thus, the routine in this study was to count the
scattered CD8* cells in stroma away from perivascular
collections, but to note their presence and prominence.
Care was taken to ensure that variation from area to
area was taken into account (Fig. 4a) and, to this extent,
chosen HPFs were not strictly “random.” The count also

did not include the frequently observed, single intraep-
ithelial cells, which were unrelated to the periglandular
aggregates described above. With this protocol, a twofold
increase in cell counts was observed from about 70 cells
per mm? at ovulation to 140 cells per mm? prior to
menstruation (Fig. 4b), although significant variation was
observed between cases (Table 3). The “dip” around days
21-22 was understandably a function of stromal edema.
There was no further increase with the onset of menstrua-
tion.

3.3. CD163 cell counts

CD163* tissue macrophages also manifested two sep-
arate and distinct dominant patterns of distribution in
addition to a third minor pattern. CD163* cells, in the
stroma, were distributed fairly evenly throughout the
superficial layer of the endometrium (Fig. 5a) with no
tendency toward perivascular aggregation. Cell counts, at
about 160 cells per mm? (Table 3) and percentage val-
ues at about 4% of endometrial stromal cells were stable

Fig. 3. Perivascular aggregates of CD8* T-cells in the late secretory phase.
The size and density of these cell collections precluded any sensible
attempt at counting the constituent cells present.
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Fig. 4. (a) CD8* T-cells in day-24 endometrium with obviously increased numbers in the vicinity of the spiral arterioles. (b) Scattered distribution of CD8*
T-cells in the stroma of early menstrual endometrium from a patient with recurrent miscarriage.

throughout the proliferative and early-to-mid secretory The second common pattern was the presence of sin-
phase, while both increased only in the late secretory phase gle or clustered CD163* macrophages within the lumens
to about 320 cells per mm? (Fig. 5b) and 7% of stromal cells of superficial endometrial glands - a pattern identified in
(Fig. 5¢), immediately prior to menstruation. 175 of the 222 cases overall (79%). This process was seen
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Fig.5. CD163" tissue macrophages within the superficial endometrial stroma of women with recurrent miscarriage. (a) Low power to show relatively even
distribution (10x ). (b) High power (40x ), at which raw cell counts per mm? were made, highlighting the importance of counting immunostained cells in
which a whole nucleus can be seen and (c) oil immersion (100 =) at which percentage counts were assessed.
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Table 3
Mean CD8, CD163, CD56, and CD57 cell counts per mm? in the superficial endometrial stroma, according to endometrial dating.

PP 17 18 19 20 21 22 23 24 26 26 MP
cD8 100 80 100 110 105 65 120 110 120 110 150 -
CD163 160 250 130 195 205 160 160 180 250 305 270 -
CD56 120 40 a0 245 210 170 290 440 1075 1190 1655 -
CD57 20 20 20 0 0 15 10 0 0 5 20 -

PP = proliferative phase, 17-26 = secretory phase days, MP = menstrual phase.

Fig.6. CD163" macrophages within the lumens of superficial endometrial glands. This wasa very variable but commonly encountered process, the examples
illustrated here being amongst the most mild (a) and most intense (b). This process was separate and quite distinct from the occasional case in which CD163*

macrophages cuffed endometrial glands as part of a focal endometritis.

in only 4 of the 11 proliferative phase cases (and was
very mild in all such cases), but varied in intensity, in the
secretory phase, from occasional glands containing soli-
tary macrophages (Fig. 6a) up to many glands containing
large numbers of macrophages or even confluent masses
(Fig. 6b). The glands containing intraluminal macrophages
often appeared, in the immunostains, to have inspissated
mucus but were otherwise unremarkable. The process did
not have any obvious relationship to the presence of red
blood cells in gland lumens, another commonly encoun-
tered phenomenon of unknown etiology (Fig. 7). It bore no

relationship to the focal “endometritis” already described,
and neither was it associated with any alteration in the
even distribution pattern or percentage concentration of
macrophages in the stroma. The third and minor pattern,
identified in only eight cases, was the participation of
CD163* macrophages in the periglandular cuffing of focal
endometritis (Fig. 1¢).

3.4. CD56 cell counts

CD56* uNK cells were a major focus of this study.
The monoclonal antibody employed gave reliable and

Fig. 7. Red blood cells within gland lumens in mid secretory phase
endometrium. This was not infrequently encountered and was consid-
ered a possible but unlikely explanation for the aggregation of CD163*
macrophages within endometrial gland lumens (Fig. 6). H+E 200x.

Fig. B. CD56* uNK cells, distributed evenly and in large numbers in the
late secretory phase endometrium of a woman with recurrent miscarriage.
This image is taken using 40 = objective and would approximate to about
1500-1600 cells per mm?,
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Fig. 9. Commonly encountered patterns of CD56" uNK cells in recurrent reproductive failure. (a) Outlining the endometrial glands but not infiltrating the
epithelium, (b) in about two thirds of cases, there was a tendency for the cells to aggregate around small vessels.
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Fig. 12. Counts of CD56* uNK cells as a percentage of endometrial stro-
mal cells, showing mean counts and ranges. Hatched areas for each are

Fig. 10. CD56* uNK cellsi t reproductive failure. Variation fi ;
g.10. C uNK cells in recurrent reproductive failure. Variation from between the 25th and 75th percentiles.

area to area within the superficial or functional layer of the endometrium
requires some care to choose a representative or “average” field in which
to count.

ag
P

Fig. 11. CD56" uNK cells in recurrent reproductive failure. (a) At day 19 of the cycle, the mean percentage of reactive cells was about 5% of all stromal cells
in the superficial endometrium while (b) at day 26 of the cycle, the equivalent percentage was 33%. Note, in (b), the tendency of these cells to form small
clusters of 2-4 cells.
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robust immunostaining that did not vary during the
cycle. Immunostained cells were generally distinguished
by peripheral membrane staining to give a “fried egg”
appearance (Fig. 8). CD56" cells had a similar distribution
pattern to that of CD8* T-cells, namely “diffuse” or scat-
tered distribution throughout the functional layer of the
endometrium in all cases, “lining up” alongside the glan-
dular epithelium in several cases (Fig. 9a) and producing
perivascular aggregates of various sizes in approximately
two thirds of cases (Fig. 9b). This latter feature was not
more obvious as the density of CD56" cells increased dur-
ing the late luteal phase. Although “mapping” was not
generally undertaken in serial sections, the impression,
in a few cases in which this was specifically sought, was
gained that CD56" cells and CD8* cells were co-located
around some vessels only. As with CD8* T-cells, the raw
cell count was performed away from such aggregates and,
again, care was taken to ensure that fields with “average”
cell numbers were counted, particularly when numbers
were low (Fig. 10). These numbers were, indeed, relatively
low and relatively stable in the proliferative phase and
the first half of the secretory phase, averaging approxi-
mately 100-250 cells per mmZ. In the second half of the
secretory phase, however, they increased in number dra-
matically, to a mean count estimated to be over 1600 cells
per mm? (Fig. 8) in premenstrual endometrium (Table 3) -
a spectacular six- to tenfold increment over a mere week.
The percentage count of these cells rose correspondingly,
over the same period, from a mean of about 5% on days
19-22 of the cycle (Fig. 11a), to over 35% in premenstrual
endometrium. Fig. 12 shows the mean percentage as well
as 25th percentile and 75th percentile values for these cells.
It is emphasized that the oil immersion field chosen at low
power, for the purpose of performing percentage counts,
should be “average” or representative, rather than random,
as quite considerable variation was apparent from area to
area in individual samples. This increase was accompanied
by a tendency for these CD56" cells to form small groups
(Fig. 11b)in contrast to distributed single cells earlier in the
cycle. This complicated counts later in the cycle, as did the
tendency for CD56" uNK cells to be bilobed, necessitating
percentage counts under oil immersion. Apoptosis, com-
mon in CD56" uNK cells in premenstrual and menstrual
endometrium, was manifest more by cytological dissolu-
tion (also making counting difficult) than by either nuclear
pyknosis (present, if specifically sought, but usually incon-
spicuous) or karyorrhexis (rarely noted).

3.5. CD57 cell counts

CD57* cells presented a particular difficulty in count-
ing, in that few cells were present in most cases and some
which appeared at low power to be in the stroma, on
closer examination proved to be within blood vessels (i.e.,
the peripheral circulation). Sometimes this was perfectly
obvious (Fig. 13a), while in other instances more care was
needed (Fig. 13b) not to inflate the count by including such
cells. Care was also required not to count in areas of obvious
stromal hemorrhage (lest the numbers also be inflated by
CD57* NK cells derived from the blood) or tissue from the
basal endometrium where CD57* cells were also regularly

present in small perivascular clusters. The pattern of distri-
bution in the functionalis was random and sparse. The cells
were small and moderately to densely immunostained. No
trend was observed in either absolute numbers (Table 3) or
percentage counts throughout the cycle. Because numbers
were generally very small, they were inordinately influ-
enced by occasional cases with quite high CD57* cell counts
(Fig. 13c). The mean count throughout the cycle was about
10 cells per mm?2.

4. Discussion

Women with recurrent reproductive failure deserve
investigation and often need (and sometimes demand) an
innovative approach. It is not unreasonable to consider the
immunological basis of implantation as a possible cause
of their repeated failures. Previous studies have caused
considerable debate and controversy (Moffett et al., 2004:
Rai et al., 2005), although there certainly do appear to be
changes in CD56* uNK cell numbers in women with recur-
rent reproductive failure. It is unclear whether the changes
reported so far (Quenby et al., 1999; Tuckerman et al., 2007;
Yamada et al., 2003) are reproducible and of any clinical
significance. We set out to assess whether the immunohis-
tochemical analysis of endometrial biopsy specimens could
be done reliably and consistently, and whether a man-
ageable protocol could be established. Counting in specific
tissue regions and establishing precise counting protocols
manually are essential prerequisites for using automated
image analysis to its full benefit. Similarly, setting the
appropriate color thresholds and selection of the areas of
interest still have to be done manually. Future studies with
automated image analysis are being developed.

The biopsy specimens were obtained by either curettage
under general anesthetic, or as an outpatient procedure
using a Pipelle sampling device, as part of their investiga-
tion of recurrent miscarriage or IVF failure. Although it is a
discomforting and invasive procedure, there is provocative
evidence that such a procedure in itself can be therapeu-
tic. Biopsy in the month before an IVF cycle increases cycle
success rates (Barash et al., 2003). So, whether additional
information on immune cell subsets is used clinically or
not, the woman should still benefit from having the biopsy
done.

Few immune cells, overall, are present in the prolif-
erative phase of normal endometrium (King et al., 1998).
Almost none are B lymphocytes, and the majority are
T-cells, macrophages, and uNK cells (Laird et al., 2003).
The number of lymphocytes steadily increases until the
late secretory phase at which time there is a spectacular
increase in CD56* CD16~ CD57- uNK cells, which consti-
tute about 75% of all stromal lymphocytes (Hill and Choi,
2000; Jones et al., 1998). The broad cell types discussed
in the following paragraphs were, thus, the subject of a
detailed examination of their presence, numbers, and pat-
terns of distribution in the endometrium throughout the
menstrual cycle.

CD8" cells are subdivided into Tc1 and Tc2, each produc-
ing asimilar profile of cytokines as Th1 and Th2 respectively
(Akdis etal., 1999; Michimata et al., 2002), and are involved
with cytotoxic immune reactions. In the endometrium
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Fig. 13. CD57" cells in recurrent reproductive failure. (a) Late secretory phase endometrium exhibiting two immunostained cells, the one on the left clearly
in a dilated blood vessel and the one on the right in the stroma. (b) Menstrual phase endometrium with several CD57° cells, some of which are in vessels
(centre and lower left) and should not be counted. (c) High counts were occasionally encountered, as here, throughout the menstrual cycle.

they were regularly seen as perivascular lymphoid aggre-
gates, as single cells within the stroma, or as scattered
solitary intraepithelial lymphocytes, precisely mirroring
earlier observations (Yeaman et al., 2001). While the pre-
cise function of the CD8* cells is largely unknown in the
endometrium, their function is reduced in the presence of
IL-2 from Th1 cells (Yeaman et al., 2001). They are thought
to play little if any role in the process of classical chronic
endometritis, compared with the role of B lymphocytes
(Disep et al., 2004; Tawfik et al., 1996), yet it is difficult to
interpret quite intense focal periglandular aggregation of
these cells, especially when accompanied by other inflam-
matory cell types such as macrophages and CD56" uNK
cells (see below), in any other way than as an occult
focal “endometritis” or inflammation of the endometrium,
despite the absence of plasma cells. Whether this is infec-
tive or non-infective is unclear. Examples of this process
demonstrate aggregation around and into the glandular
epithelium and leading to luminal accumulation (Fig. 1).
While the late luteal acceleration in CD8* numbers was
synchronous with that of CD56* uNK cells, it was nowhere
nearly as pronounced. Yet perivascular aggregation did
seem to co-locate these two immunocompetent cells in
some but not most cases, and this impression is to be inves-

tigated further, perhaps using a double-immunostaining
technique.

Tissue macrophages are reactive to a number of
immunomarkers, but those most commonly used are
CD68* and CD163* (the latter also known as hemoglobin
scavenger receptor) (Davey et al, 1990; Madsen et al,
2004; Nguyen et al., 2005). Of these two markers, CD163" is
more readily interpretable in our hands and is more specific
for macrophages than CD68*, which also stains myeloid
cells, mast cells, and some B- and T-cells (Nguyen et al,,
2005: Vakkila et al., 2005). CD163* is a transmembrane
glycoprotein responsible for the clearance of hemoglobin
and as an anti-inflammatory associated with cytokine pro-
duction (Aoki et al., 1995; Paidas et al., 2004). The number
of CD163"* positive cells in plasma is known to increase in
early normal pregnancy (Paidas et al., 2004), and a subpop-
ulation of B7-H4* immunosuppressive macrophages in the
endometrium is thought to assist in establishing maternal
immune tolerance against fetal antigens at the outset of
implantation (Wicherek et al., 2009). The twofold increase
in numbers of CD163* macrophages late in the luteal phase
in this study is consistent with both of these reports.

The observation, in the majority of biopsies carried out
in the secretory phase, of CD163+ macrophages within
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the lumens of superficial endometrial glands is puzzling.
This has previously been noted briefly (Bulmer et al.,
1988; Disep et al., 2004) in the context of both nor-
mal endometrium and of endometritis, but not further
explored. In the present study it was common but variable,
essentially confined to the luteal phase (occurring in almost
80% of such cases), often quite focal, and unassociated with
any obvious pathogenetic features. There was some sug-
gestion that the luminal mucin was different in the affected
glands (more densely eosinophilic) than nearby unaffected
glands and a plausible explanation is that of a macrophage
response to modified gland secretions or contents (e.g.,
extravasated red blood cells, which are sometimes present
in the glands of the functionalis in the luteal phase). Unlike
the CD8* infiltrates, which seemed to respond to antibi-
otics (see Results), we have observed several cases in which
the intraglandular accumulations of CD163* macrophages
were equally severe in follow-up curettage specimens after
broad-spectrum antibiotic therapy. This is also to be subject
to further investigation.

Uterine NK cells have distinctive expression of mono-
clonal antibodies (Stockinger et al., 1996). The so-called
CD56right cells (on flow cytometry) represent the major
population (Perez et al., 2003; Warren, 2000a). They can
be detected by immunohistochemistry (as in this study),
flow cytometry (Lachapelle et al., 1996; Maruyama et al.,
1992) or electron microscopy (where they show increased
cytoplasmic granules containing perforin and granzyme B)
(Choudhury and Knapp, 2001; Konno et al., 1999).

Immunohistochemical assessment of tissues lacks the
sophistication of flow cytometric analysis in which
CD56°™, CD56BRIGHT and CD56SUPERBRIGHT gy hsets can
be distinguished (Lukassen et al, 2004) and multiple
antibodies can be used simultaneously with different
fluorochromes to give double (or triple) labeling. The
accentuated perivascular location of CD56* uNK cells
described in this study has been reported previously, and it
has been proposed by some groups that they might play a
role in angiogenesis (Hazan et al., 2010) via remodeling of
spiral arterioles (Croy et al., 2003). Indeed, these cells have
been demonstrated to elaborate various growth factors
necessary for angiogenesis, such as vascular endothelial
growth factor (Lobo et al., 2004), but, for the purposes
of this study, perivascular aggregation merely complicates
the process of counting. Immunohistochemical studies of
the CD56" uNK cells in the endometrium of women with
recurrent reproductive failure are small and few, and con-
tain even smaller control groups (Clifford et al., 1999;
Quenby et al., 1999; Tuckerman et al., 2007). The changes
that occur in CD56* uNK cell numbers in the second half
of the luteal phase are so profound that, unless study
and control groups are very carefully matched for stage
of cycle (which can be problematic in some cases (Myers
et al., 2004)), the statistical analysis is rendered mean-
ingless. Similarly, if therapeutic decisions are ever to be
based on derived cell counts, counting protocols need to
sufficiently robust and explicit to be usable in different
units and these are absent in the literature from even the
most prestigious units (Quenby et al,, 1999). This unit has
suggested a cut-off of as little as >5% NK cells in mid-
secretory endometrium as abnormal, warranting a trial of

immunotherapy, and based on an interquartile range of 18
control patients (Quenby et al., 2005). Our study demon-
strates 75th percentiles of uNK cell counts of 16%, 27%, and
39% respectively for days 23, 24, and 25 of the menstrual
cycle in over 200 patients specifically identified as hav-
ing recurrent implantation failure. Such massive changes
in CD56" uNK cell density over the course of these days
were not unexpected, but highlight the absolute necessity
ofinterpreting results in the context of the particular histo-
logical date of the endometrium. Earlier in the cycle, when
CD56" uNK counts are relatively stable, more comfortable
comparison between published series is possible and the
percentage counts we obtained at day 21, for example, are
similar to those reported by Quenby et al.(1999), but signif-
icantly greater than those obtained by Clifford et al. (1999).
It is crucial, therefore, to date the endometrium carefully
(as noted above) and to standardize the selection of tissue
fields for counting, as variation from area to area invali-
dates “random” selection for fields (lest a field contains a
perivascular aggregate, or is from lower uterine segment
tissue or basalis). Percentage counts on anything other than
oil immersion fields are totally impractical, with care espe-
cially required in the late secretory phase when CD56* uNK
cells tend to aggregate, tend to have bilobed nuclei, and are
prone to apoptosis.

Finally, CD57* (HNK1) is also expressed on NK cells,
an expression that is partially shared with some T-cells
(Brinkmann and Kristofic, 1997; Stockinger et al., 1996).
It is important in the development of the nervous sys-
tem; however, its functional significance when expressed
on NK cells is currently unknown (Warren, 2000b). The
majority of cases (159 out of 222 - 71.6%) in the present
study exhibited no or very few CD57* cells in the superfi-
cial endometrial stroma, an observation dependent upon
excluding those cells in the peripheral circulation or in
areas of stromal hemorrhage. Furthermore, as double label-
ing was not available to us, we could not discriminate
between CD57* NK cells and CD57* T helper cells (the lat-
ter known to produce Th1-type cytokines and potentially
mediating a transition from a pregnancy-supportive Th2
environment to a pregnancy-hostile Th1 environment).
These observations are consistent with the literature,
which further proposes that their presence is nevertheless
inimical to implantation (Vassiliadou and Bulmer, 1996;
Winger, 2007).

The genesis of this project commenced 7 years ago,
by one pathologist (PR), firstly using manual immunos-
taining methods and with no detailed protocol in the
published literature to follow. As noted above, we believe
the latter contingency still obtains. In two subsequent
iterations, different automated immunostaining platforms
were used (presently the Ventana Benchmark XT system)
for improved accuracy and standardization of immuno-
histochemical results (Bankfalvi et al., 2004). Over time,
counting parameters were refined to those outlined in Sec-
tion 2. It is a time-consuming exercise that requires firm
adherence to the protocol to ensure consistency within and
between cases in this series, and it is fatuous to assume that
the data compiled can be directly compared with those
of other published studies. Indeed, we believe that the
absence of detail in the method of counting cells is the main
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cause for variation in the reported results thus far, the other
being the demonstrable variation with the stage of the cycle
examined. “Apples with apples” comparison between con-
trol and study groups must, of necessity, include individual
days of the cycle. We stress that the proliferation of uNK
cells in the endometrium is highly dependent on the day
of the cycle and must be interpreted accordingly. Based on
the findings of our study, we find that giving a single figure
of uNK cells per mm? or percentage of uNK cells, without
the corresponding cycle date, is no longer an accept-
able method of reporting these cases. Laboratories that
intend to offer this test should develop their own in-house
database.

The present study was confined to interval
endometrium rather than miscarriage material. First,
this is because it is manifestly unclear to us whether to
measure cell numbers at or near the placental implan-
tation site (not always present in the biopsy sample),
or in the background decidua away from the placental
implantation site. Second, the changes in such interval
endometria might be of value in predicting future preg-
nancy prospects rather than identifying causes of previous
pregnancy losses. The later date in the cycle to aim for with
the biopsies (day 24 or LH+ 10 rather than day 21), and
where most of our data lie, is currently standard in order
to include endometrial responsiveness to progesterone
as a histological feature for assessment in this group of
women. We have also set to one side the accumulated
data on a number of patients having “programmed” cycles
and are yet to analyze these to establish similarities or dif-
ferences from those women with natural or spontaneous
cycles.

The current study started out as a “proof-of-principle”
exercise to investigate the feasibility of assessing var-
ious immunologically competent cells in endometrium,
immunohistochemically. It sought specifically to address
the numbers of CD56* uNK cells in interval endometrium
obtained by formal dilatation and curettage or office-based
endometrial sampling, in a large population of women
otherwise being investigated in our laboratory for recur-
rent miscarriage or IVF failure. CD8*, CD 57*, and CD163*
expressivity of endometrial immune cells were also exam-
ined. A method has been outlined that can be used as a basis
for further study, such as the examination of regulatory T-
cells or the presence of various cytokines such as TWEAK
and the predominantly cytotoxic KIR receptor (Petitbarat
et al., 2010; Wang et al., 2010).

There is some evidence that some women with repeated
reproductive failure may benefit from immune therapy
(Clark et al., 2006). Other options, such as prednisolone,
are currently under investigation by us (GS) and others
(Tang et al., 2009). Immune therapy can be expensive and
potentially harmful, and is notyet something that should be
considered routine clinical practice. So it is essential, for the
sake and safety of our patients, to continue seeking effec-
tive ways of determining which women should try immune
therapy for recurrent reproductive failure. Endometrial
biopsy assessment of immune cells, performed carefully
and in a systematic way, is one possible screening option,
but is unlikely to be the only factor in clinical decision-
making.
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