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Abstract

Purpose The uterine immunophenotype is relatively poorly understood, with most studies reporting proportions/percentages. A
novel technique to calculate local endometrial lymphocyte concentrations is described, and used to compare results between
actiological subgroups such as repeated implantation failure (RIF) and recurrent pregnancy loss (RPL) with male-factor controls.
Methods 455 patients had an endometrial biopsy performed. Background history on initial presentation was used to subdivide
the population into RIF (n=149), RPL (n=121), primary (n=76) and secondary infertility (»=80). A control group was
identified comprising male factor infertility aetiology with all female investigations normal (z =29). Endometrial Tissue was
assessed using a comprehensive multi-parameter panel. Lymphocyte subpopulations were calculated using flowcount
flurospheres and a mathematical correction applied to determine concentrations per milligram of tissue, based on original biopsy
weight and volumetric dilutions.

Results The flow cytometry technique was successful in determining population centiles for concentrations of endometrial
lymphocyte subsets. Distinct differences were noted across the patient groups. Th2 concentrations were significantly higher in
the controls (p =0.0002). All RPL/infertile populations had increased concentrations of peripheral type NK’s (»p =0.016) and B
cells (p =0.045). Relative to male factor controls, CD4+ and CD8+ T lymphocyte populations were increased in RPL patients,
and reduced in those with a history of RIF. Thl concentrations were elevated in the adverse outcome groups (p =0.032).
Concentration centiles alone do not appear to accurately predict outcome with subsequent treatment.

Conclusions Endometrial biopsy analysis by flow cytometry can provide detailed analysis of constituent lymphocyte subsets by
concentration as well as proportion. This novel approach provides additional independent data to further assess the significance of
endometrial changes in the setting of reproductive failure.
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Introduction

Implantation failure and early pregnancy loss are frequently
encountered in gynaecology and reproductive medicine, and
despite advances, many cases are still classified as unex-
plained. Although embryo aneuploidy is typically the primary
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cause [1, 2], other known influencing factors should be con-
sidered, such as infection [3], anatomy [4], endocrine [5],
haematological [6, 7], receptivity [8, 9], and immunological
[10, 11]. Indeed, preimplantation genetic screening techniques
(PGT-A) have shown that transfer of screened euploid blasto-
cysts leads to a live birth in only just over half of all treatment
cycles [12], highlighting the multifactorial nature of the em-
bryonic implantation process and the need to further explore
alternative hypotheses for failure. Despite these vast gaps in
knowledge, the proposition of immune-mediated theories for
reproductive failure has, and continues to be, controversial. It
is recognized that the maternal immune system, particularly
the abundant uterine/decidual natural killer cells (uNK), plays
an important role during embryonic implantation [13], but its
contribution to abnormal outcomes, particularly with a eu-
ploid embryo, is less clearly understood. Currently, a complete
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description of the normal levels of endometrial lymphocyte
subsets is not completely defined. In spite of promising at-
tempts, there is no universally accepted technique to assess
the cellular populations present [14], and even less consensus
regarding their interpretation or proposed interventions.
Peripheral blood immunophenotypes have often been used
to test theories of immunological dysfunction in reproductive
failure. Interventions based on peripheral blood analysis has
many critics and receives only limited acceptance, as admit-
tedly various internal and external factors can have an impact
on the findings [15, 16]. There is now also a long history of
endometrial tissue analysis by various histological, immuno-
histochemical, or molecular techniques, which have the po-
tential to contribute to the understanding of “unexplained”
implantation failure or pregnancy loss. These tests are, how-
ever, still not widely supported for routine use. Despite this,
there is still potential that endometrial analysis may yet ex-
plain some of the unanswered questions. Variations in endo-
metrial natural killer, T and B lymphocyte populations have all
been proposed as contributory factors to adverse reproductive
failure outcome [17-20]. An early Canadian publication
analysing endometrial biopsies reported that patients with re-
current miscarriage had significant cellular differences, in par-
ticular a reduction in CD8+ T lymphocytes and an increase in
B cells [21]. Endometrial CD57+ NK cells, identified by im-
munohistochemistry, representing a mature cytotoxic subset
of cells, were also proposed as an early marker for recurrent
miscarriage [19]. Interestingly, CD57+ cells are always
CD16+ and so are most likely peripheral in origin and do
not represent uterine NKs. An important UK study found sig-
nificantly higher levels of uterine natural killer cells in patients
with recurrent miscarriage than in controls, but also demon-
strated that corticosteroid therapy could lead to a significant
reduction in the amount of CD56+ve endometrial cells [27].

Recent work by Ledee et al. utilising gene expression
patterns and cytokine analysis (IL-15/Fn-14 mRNA and
IL- IS/ TWEAK mRNA) demonstrated dysregulation of
endometrial immune profiles in over 80% of cases with
RIF [22]. This study also identified that underactivation,
as well as overactivation, may have a causative role. A
follow-on cohort study also found that adjunctive treat-
ment, tailored to the endometrial status, could signifi-
cantly improve subsequent live birth rates with ART
[23].

There is a lack of study into the actual levels of
lymphocytes in the endometrium, and the relative con-
centrations of each subtype. This directly contrasts to
work on blood, where ranges of both proportions and
concentrations are widely reported. Development of a
technique to measure the concentrations of each subset
is needed, and determination of the normal cellular
ranges could contribute to the understanding of this ad-
vancing field.
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Methodology

Analysis was performed on 455 patients, across three
university-affiliated ART centres, over a 3-year period. A pro-
spective enrolment design was used. Patients with a history of
poor reproductive history, consisting of either pregnancy loss
or implantation failure, were offered an endometrial biopsy to
assess the local endometrial lymphocyte subsets in advance of
their subsequent treatment.

All samples were taken in the luteal phase of the menstrual
cycle, following administration of hormone replacement ther-
apy (HRT) regime, to standardise the environment between
cases. Oral estradiol hemihydrate was used for endometrial
development; then, an office endometrial biopsy (pipelle™)
was procured after five completed days (P+5) of vaginal pro-
gesterone therapy (Crinone 8%™, Merck). This timing was
chosen, as receptivity studies have shown that P+5/LH+7 co-
incides with the peak window of implantation. There is poten-
tial that differences in cell subtypes could occur at different
sites in the endometrium, so a standardised four quadrant bi-
opsy technique was utilised to ensure representative sampling
of the entire cavity. Samples were maintained in RPMI 1640
(Sigma—Aldrich UK) at room temperature until ready for anal-
ysis. Tissue samples were all analysed less than 24 to 48 h
after collection, and carefully temperature controlled through-
out, in an attempt to prevent uneven immune cell loss. 7-AAD
staining confirmed minimal lymphocyte apoptosis under these
conditions unlike the endometrium itself which displays high-
ly individual variations independent of sampling time
(Supplementary Fig. 1).

The endometrial preparation and flow cytometric pro-
cesses were first tested by a pilot study, followed by ex-
pansion of the antibody panel for CD markers to provide a
comprehensive immunophenotype using proportions as
previously described in detail [24]. The addition of
100 puL flowcount™ beads (Beckman Coulter UK Ltd.)
were added, of a consistent nature and at a defined con-
centration, allowed for the addition of volumetric counts
of the cellular populations (Fig. 1). Initially, the collected
tissue was washed in fresh RPMI to avoid peripheral
blood or mucus contamination and ensure only endome-
trium was assessed. The endometrium was then accurately
weighed, mechanically dissociated (MACs™ Milteny
Biotech), pelleted at x 500g, and re-suspended to a final
volume of 1.5 mL in BD staining buffer (BD Biosciences,
UK). Using a non-wash protocol, 200 puL of the re-
suspended cell solution was added to each flow tube, al-
ready prepared with a standardised 100 uL of a suitable
antibody cocktail as described below, incubated at room
temperature for 20 min, and 900 pL. VersaLyse™ solu-
tion (Beckman Coulter UK Ltd.) was used to eliminate
red blood cell contamination.Volumetric dilutions
employed are illustrated in Supplementary Figure 2.
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Fig. 1 Flow cytometer image showing gating of lymphocytes usid CD45 and side scatter and insert, use of flow count flurospheres on FL1 against TIME
to illustrate bead capture in a distinct area to all other flourescent cells within the biopsy

Co-localisation of selected antibodies was employed
across individual tubes using flow cytometry (Navios™,
Beckman Coulter UK LTD) for cellular evaluation, with a
10-colour flow panel and appropriate compensation ma-
trices as previously described [24] and Supplementary
Figs. 3, 4 and 5. Cell types were defined according to
accepted conventions. Tube 1 assessed uterine/decidual
type NK cells (uNK; CD3—, CD16—, CD56"€")_ periph-
eral type NKs (pNK; CD16+, CD56dim), natural killer T
cells (NKT; CD3+, CDI16—, CD56%™), expression of
CDS57 NK maturity marker (within pNK and NK-T), and
B lymphocytes (CD19+). Tube 2 allowed analysis of T
lymphocytes (CD4+ and CD8+), and various CD4 subsets
including Thl (CD4+, CD183+, CD196—), Th2 (CD4+,
CD183—, CD196-), Th17 (CD4+, CD183—, CD196+),
and regulatory T cells (Treg; CD4+, CD127%™,
CD25"7") Each tube was made up to a final volume of
100 pL with BD staining buffer.

To allow for patient subgroup analysis, cases with defini-
tive repeated implantation failure (RIF) [# =149] and recur-
rent pregnancy loss (RPL) [n = 121] were identified. Although
there is no consensus definition, the inclusion criteria for RIF
was chosen as > 2 unsuccessful transfers of high morpholog-
ical grade blastocysts [25]. ASRM and ESHRE guidance was
used to define RPL as > 2 clinically detectable concurrent or
non-concurrent miscarriages [26, 27]. Patients who presented
with miscarriages and/or implantation failure, and were in-
cluded for analysis, but did not meet the strict definitions for
RPL or RIF as described were categorised as either primary

(<2 transfers, or questions over embryo quality) or secondary
infertility based on their past obstetric history (Table 1).
Control samples were taken from cases where the primary
actiology was male factor, with no identifiable female issue.
Inclusion criteria for this control group required normal age-
related ovarian reserve testing (by AMH and AFC), a normal
pelvic ultrasound and saline infusion sonogram (to exclude
anatomical causes) and female age <37 (to limit the influence
of oocyte aneuploidy). These cases were chosen as controls
because advanced approval to collect and analyse endometrial
samples from fertile females in the general population was not
obtained with this group therefore representing the most
“normal” patients available.

The aim of the study was to assess, for the first time, if
this flow count technique was valid and reproducible. The
primary outcome measure was to determine population
percentiles for endometrial lymphocyte subset concentra-
tions (cells/milligram) by flow cytometry. Secondary out-
come measures were the comparison of cell counts be-
tween patient aetiology subgroups. The tertiary outcome
measure was to determine if there was any correlation be-
tween lymphocyte subset concentrations and subsequent
treatment outcomes following ART cycles from recruited
patients over the investigative period. Pregnancy rates, im-
plantation rates and miscarriage rates were calculated.
Results were then subdivided based on immunophenotype
counts: a high concentration was defined as > 90th percen-
tile, normal between the 25th and 75th percentiles, and low
was < 10th percentile.
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Table 1  Age profile with deviation, and background obstetric history,
of the various patient subgroups investigated. RPL, recurrent pregnancy
loss; RIF, recurrent implantation failure; P primary infertility; S secondary
infertility; C, control population; MR, miscarriage rate

Controls RPL RIF P S
Patients (1) 29 121 149 76 80
Mean age 352 37.9 38.1 36.7 372
SD 3.1 4.0 44 4.5 4.1
Mean AMH (pmol/L) 20.0 22.5 11.3 18.9 12.4
Total live births 10 47 7 0 56
Total miscarriages 4 320 11 0 58
MR (%) 28.6 87.2 61.1 - 50.9

Advanced approval for the study was obtained from
the clinic’s institutional review board, with individual
written patient informed consent for the biopsy proce-
dure and subsequent analysis taken, and recorded in the
medical chart. The research did not receive any funding
or grants from agencies in the public, commercial, or
not-for-profit sectors. IBM SPSS v24 was employed to
perform appropriate statistical analysis. Using skewness—
kurtosis plots, it was determined that the population
data was not normally distributed for the majority of
parameters, so medians and percentiles were selected
as the most representative statistic (Table 3). Non-
parametric analysis (Kruskal-Wallis and Mann—Whitney
U) was used to look for median differences between
groups for scale variables. Results expressed as propor-
tions were compared using chi-square analysis.

Results

Biopsies were analysed for 426 cases and 29 controls to
assess endometrial lymphocyte concentrations over the
study period. Evaluation of past reproductive history iden-
tified 149 patients with clear repeated implantation fail-
ure; 121 met the strict criteria for recurrent pregnancy
loss; 76 were classified as primary infertility, and 80 had

Table 2 Total population endometrial biopsy immunophenotype
lymphocyte concentrations (expressed as cells/milligram of endometrial
tissue), shown as mean, median and centiles. “Lymphs” is the total

secondary infertility. Demographic and obstetric details
across the groups are displayed (Table 1). AMH and age
varied across these groups, and ovarian reserve testing
results correlated with patient age rather than underlying
aetiology as would be expected.

Using this novel flow cytometric technique, the me-
dian endometrial lymphocyte count was identified to be
10,562 cells/mg, with an upper limit at the 90th centile
of 33,138 cells/mg, suggesting a high degree of varia-
tion in this population. Natural killer cells are the major
endometrial subset in keeping with published data, and
were differentiated into three defined subtypes for fur-
ther analysis [28]. As has been established, the uterine
or decidual type natural killer cell (uNK, CD16-,
CD56°"8") predominates as the major endometrial lym-
phocyte (4875 cells/mg). The remaining NK subtypes
are all are readily detectable, but present at much lower
levels, with median concentrations of 118 cells/mg and
268 cells/mg for peripheral type and NK-T cells, respec-
tively. Interestingly, a proportion of the pNK and NKT
populations were identified also co-expressing the matu-
rity marker CD57 in many patients. The potential sig-
nificance of the presence of this marker for maturity
and cytotoxicity needs further study. Regarding endome-
trial T Lymphocytes, CD8+ cells constitute the majority
of this population, at a median concentration of 1532
cells/mg, compared to CD4+ cells at lower count of
1030 cells/mg. Various CD4+ subsets concentrations
can also be easily identified by flow cytometry, with
Thl cells as the most prevalent (739 cells/mg). Treg,
Th2 and Th17 cells are all present in the endometrium,
but at much lower concentrations (Table 2).

Clear and significant differences in lymphocyte subset pop-
ulations were noted between the different patient aetiology
groups (Table 3). Peripheral type NKs were present at higher
concentrations in all poor reproductive outcome groups com-
pared to the controls (»p =0.016), potentially identifying this
cell type as a useful marker for further research. A similar
trend was also observed with CD19+ B lymphocytes (p =
0.01), also suggesting a further marker that could potentially
be linked with adverse outcomes. Major differences were

concentration of CD45+ lymphocytes in the biopsy cellular population
(stromal, endothelial, epithelial, polymorphonuclear etc.)

Natural killer cells B cells T cells CD4+ subsets
Lymphs uNK NKT pNK (CD57+) CDI19+  CDS8+ CD4+ T reg Thl Th17 Th2
Median 10,562.5 4875.0 267.6 118.1 46.4 75.0 1532.1 1030.2 65.0 739.4 23.5 66.9
10th centile 3022.5 1332.2 65.0 8.4 0.0 16.8 358.2 243.8 25.7 162.5 0.0 30.1
90th centile ~ 33,138.3 15,736.5 1183.0 748.5 317.2 422.5 6669.0 42949 294.6 2720.3 162.5 312.0

@ Springer



J Assist Reprod Genet (2019) 36:837-846

841

Table 3 Median endometrial concentrations (cells/milligram) of lymphocyte subtypes, across the patient aetiological groups. p values determined
using Kruskal Wallis test (SPSS v24). Italics and * indicate statistically significant p values
Cell type Controls (cells/milligram) ~ RPL (cells/milligram) ~ RIF Primary Secondary p value
(cells/milligram)  (cells/milligram)  (cells/milligram)  (overall)
Total lymphocytes ~ 11,597.3 11,469.0 9761.3 10,193.2 11,079.6 0.314
pNK 65.0 133.7 97.5 162.5 134.6 0.016*
NK-T 278.6 305.8 231.1 3127 311.7 0.019*
uNK 5696.1 4823.0 4917.3 5269.6 4647.5 0.985
CD57 325 55.6 339 63.0 513 0.227
B cells 48.8 79.6 70.9 80.2 80.8 0.010%*
CD8+ 1462.5 1722.8 1180.8.7 1632.0 1933.8 0.001*
CD4+ 1007.5 1148.4 855.6 921.9 1238.1 0.020%
T Reg 97.5 78.0 54.5 63.0 65.0 0.070
Thl 487.5 8734 585.0 835.7 807.7 0.032%
Th2 139.3 83.5 65.0 65.0 66.9 0.068
Th17 315 19.9 222 244 325 0.959

identified in the T cell subset concentrations between cases.
CDA4+ and CD8+ T lymphocytes were increased in RPL pa-
tients compared to controls, but when those with a history of
implantation failure were assessed, the corresponding values
were conversely reduced. Marked differences can be seen
when lymphocyte concentrations of miscarriage or implanta-
tion failure cases are compared. Pregnancy loss patients have
greater concentrations of many lymphocyte subsets, including
pNK, NKT, B cells, CD4, CDS, Treg and Th1 (Table 4). The
primary and secondary groups had similar concentrations for
all parameters, with no significant differences.

Recruited patients had 595 embryo transfers performed, 259
from IVF/ICSI cycles and 333 from frozen transfers. Clinical
pregnancy success rates from fresh and frozen cycles were equiv-
alent (92/259, 35.5% vs 118/336, 35.1%, p=0.92) so were
grouped together for analysis to improve sample size and statis-
tical power. Implantation rates, pregnancy rates per embryo

transfer and miscarriage rates are displayed (Tables 5, 6 and 7).
There are observable trends but not statistically significant differ-
ences between allocated percentile groups. Continued data col-
lection in appropriately powered studies are required to see if any
trends in these areas are potentially significant.

Discussion

Endometrial lymphocyte concentrations have been calculated
and described in detail, using a novel rapid and objective
technique. A unique and reproducible methodology has been
developed, allowing the determination of endometrial lym-
phocyte subset concentrations in cells/milligram, and corre-
sponding percentile-based reference ranges. This newly de-
rived information has the potential to provide a useful basis
for further research methodologies in the field of reproductive

Table 4 Distribution of

statistically significant differences Cell type RPL vs control RIF vs control RPL vs RIF Primary vs secondary
(p values) across the patient
subpopu]ations, relative to Total lymphocytes 0.580 0.558 0.065 0.306
controls and each other. pNK 0.073 0.766 0.010%* 0.908
Significance levels determined NK-T 0.437 0.299 0.004% 0.786
with Mann—Whitney U test, using ' ’ ’ |
distribution around the median uNK 0.863 0.802 0.972 0.501
(SPSS v24). Highlighted cells CD57 0.476 0.867 0.137 0.550
with * indicated statistically sig- B cells 0.002+ 0.127 0.007* 0.861
nificant comparisons CD8+ 0.888 0.047* 0.001% 0.287
CD4+ 0.339 0.509 0.009* 0.323
T Reg 0.832 0.071 0.008°* 0.516
Thl 0.270 0.811 0.023%* 0.605
Th2 0.179 0.020%* 0.131 0.864
Th17 0.626 0.727 0.871 0.481
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Table 5 Pregnancy per embryo

transfer stratified by lymphocyte Lymphocyte subset  High Normal Low Sig (p)
subset and associated centile
>90th C 25th-75th C <10th C
P ET CPR P ET CPR P ET CPR
uNK 21 58 36.2 103 311 33.1 16 66 24.2 0.29
pNK 24 70 343 89 281 31.7 21 70 30.0 0.85
CD4 24 67 35.8 111 298 37.2 17 69 24.6 0.14
CD8 24 64 37.5 107 302 354 17 65 26.2 0.30

P number of pregnancies, E7 embryo transfers, CPR clinical pregnancy rate (%)

immunology. Although flow cytometry is a widely used tech-
nique for assessing cell populations, it has not typically been
employed for endometrial evaluation, where immunohisto-
chemistry has traditionally been utilised. Flow techniques,
however, have the potential to provide population and sub-
population analysis in a rapid, detailed, quantitative assess-
ment of now, both cellular concentrations and proportions,
with minimal inter-observer subjectivity bias. Actual in situ
determination of the location of the examined cells is only
lacking. It should be said that consistency with sample timing
in menstrual cycle and the tissue preparation techniques are
extremely important when collecting and analysing endome-
trium in order to ensure robust results [29]. Additional poten-
tial benefits of flow cytometric evaluation include automation
of the analytical phase, further increasing reproducibility, as
well as the ability to analyse very small tissue samples, mak-
ing it a useful tool when assessing endometrium where a typ-
ical pipelle biopsy yields approximately 300 mg of tissue.

In this study, several significant differences in individual
endometrial lymphocyte subtype concentrations between
cases with adverse outcomes and a predefined control popu-
lation can be seen, as well as between patient populations
presenting specifically with miscarriage and implantation
failure (Figure 2). The underlying pathology of these latter
conditions in particular is still poorly understood but an im-
munological component has been frequently proposed and
may well be relevant in certain cases. Natural killer cells, for
example, uniquely exist at the frontier between innate and

adaptive immunity and have many characteristics in common
with CD8 T cells. They are large granular lymphocytes de-
rived from common lymphoid precursor cells expressing the
CD56 surface marker, maturing to produce CD56 bright or
dim cells, depending on surface receptor expression. Uterine
NKs are said to be intimately involved in trophoblast invasion
and spiral artery formation, clear requirements for successful
embryo implantation. All NKs, however, have the potential to
cause cytotoxic effects by releasing granular components
(such as perforin and granzymes) or a variety of potent cyto-
kines (e.g. TNFa, IFNg, GCSF) [30]. The cytotoxicity, gene
expression and cytokine profiles of different NK cell subsets
vary, possibly influenced by their location. Thus, uterine NKs
in general behave quite differently to peripheral type NKs.
These latter cells are mainly CD56%™ with strong expression
of the CD16 transmembrane receptor, while uNK cells are
exclusively CD56™€" and lack CD16 [31, 32]. CD56%™ cells
are also more mature with a higher cytotoxic potential than
CD56"€" [33] The immunoregulatory potential of uterine
NK cells is thought to be different to that of peripheral type
NKs [34]; however, under the influence of pro-inflammatory
cytokines, or other agents, a phenotypic switch to a more
aggressive profile is hypothesised [24]. It is likely that
pNKs, in particular, are recruited from the peripheral blood
as opposed to resident in endometrial tissue. Presence of the
CD57 maturity marker could support this theory, as the mat-
uration phases needed to become CDS57 positive are unlikely
to be completed over the length of one menstrual cycle. A

Table 6 Implantation rates

stratified by lymphocyte subset Lymphocyte subset ~ High Normal Low Sig (p)
and associated centile
>90th C 25th-75th C <10th C
EmT GS IR EmT GS IR EmT GS IR
uNK 91 22 242 499 91 18.2 109 14 128  0.12
CD4 115 23 200 479 106  22.1 110 15 13.6 033
CD38 114 21 184 464 103 22.2 107 13 12.1 0.058

EmT number of embryos transferred, G:S number of gestational sacs seen, /R implantation rate (%)
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Table 7 Miscarriage rates i -
stratified by lymphocyte subset Lymphocyte subset  High Normal Low Sig (p)
and associated centile
>90th C 25th-75th C <10th C
CP OP MR CP OP MR CP OP MR
pNK 24 62.5 87 42 51.7 21 13 38.1 0.26
B Cell 24 66.7 84 39 53.6 10 5 50.0 048
CD4 24 12 50.0 108 54 50.0 17 58.8 0.79
CD8 24 8 66.7 105 52 504 17 64.7 0.24

CP Total clinical pregnancies, OP ongoing (viable) pregnancies, MR miscarriage rate (%)

local endometrial origin for uNK cells is, therefore, supported
by the consistent observed absence of CD56%™ and CD57
markers in this cell type.

Many studies focusing on these cells in reproductive failure
have reported NK cell populations as either numbers or per-
centages of peripheral blood lymphocytes (flow cytometry),
or endometrial stromal cells (immunohistochemistry or flow
cytometry), but are often conflicting. A large meta-analysis,
for example, found no differences in the percentage of pNK or
ulNK cells in infertile women compared to controls, no differ-
ence in uNK percentage between RPL and controls, but did
find a higher pNK percentage in RPL [30]. Lymphocyte con-
centrations per milligram of tissue presented in this study
show similar trends, with no differences in uNK populations
between groups, and a trend towards higher pNK concentra-
tions in RPL. Previous work using this same flow technique as
described, but for analysing lymphocyte proportions rather
than concentrations, identified that the relative total lympho-
cyte uNK proportion was significantly elevated in RIF, and
reduced in RPL [33]. Interestingly, when cellular concentra-
tions are compared, no significant difference in counts is seen
between patient aetiologies. Rather than being highest, as was
reported with percentages, there are in fact similar uNK con-
centrations in RIF (4917 vs 5696 cells/mg, p = 0.985). These
marked differences between techniques in largely the same
patients highlight the challenges encountered when trying to
determine if counts or proportions are the more appropriate
marker. Previous, studies have also associated lower levels of
CD56™€" yNK cells with reproductive failure [35]. Although
differences are not significant, there could be a possible trend
to lower numbers of uNK, Treg, and Th2 concentrations in
patients with implantation failure specifically.

Natural killer cell numbers are, of course, only one compo-
nent of the numerous complex immunological pathways in-
volved in implantation and fetal development. The
alloimmune balancing act between T regulatory cells, cyto-
kines, NKTs and Th2 cell bias, for example, in the production
of IgG blocking antibodies (to protect the developing embryo
and placenta from maternal circulating NKs and T cells) is
well established [36], while the third trimester is actually

characterised by strong maternal systemic inflammation
[37]. T lymphocytes, therefore, are also believed to be in-
volved in the complex interplay that leads to implantation. A
higher endometrial CD4/CD8 ratio, elevated CD4 levels and
lower CD8 have all been reported in women with implantation
failure when compared to controls [38]. Reduced CDS levels
have also been reported in recurrent pregnancy loss [39].
Examining concentrations in this study has shown that CD4
and CD8 counts are significantly lower in implantation failure
perhaps supporting a role, either directly or indirectly, for
these cells in this complex process. Endometrial B lympho-
cytes have long been proposed as having an association with
recurrent pregnancy loss [21]. Analysing endometrial concen-
trations confirms that B cells are significantly elevated in all
subfertile groups, with high levels seen in cases with RPL,
supporting a possible role as a diagnostic marker. Unlike pe-
ripheral blood, the uterine environment does not appear to
produce B1 cells (CD5+, CD19+) often associated with
auto-antibody formation. CD5+ represents a T cell maturity
marker and so may indicate a local origin for these lympho-
cytes. B cell presence itself may not always be deleterious,
however, as murine models suggest that the production of
protective IL-10 producing B cells (B10 cells) is desirable
[40], additionally, blocking antibody production, a corner-
stone of materno-fetal tolerance most likely occurs at the
synctiotrophoblast level.

Variations in lymphocyte counts and proportions, across
differing patient aetiologies, are of course interesting, but there
is controversy regarding whether lymphocyte levels them-
selves have any effect on clinical outcome. A large systematic
review has reported that neither uNK or pNK levels had any
correlation with either implantation failure or miscarriage
[14]. There are however numerous other individual studies
suggesting a positive correlation [35, 41, 42]. Potential trends
such as the effects of lower uNK/CD4/CDS8 concentrations on
implantation, or elevated pNK/B/CD8 counts on miscarriage,
did not show any statistically significant effect on the subse-
quent ART outcome in this study population. The reasons for
this may be multifactorial; many elements must come together
for a successful live birth to be realised in an infertile patient;

@ Springer



844

J Assist Reprod Genet (2019) 36:837-846

102

102

101

10°

10°

102

10°

aos3oeiad

10°

10%

102 ——

10!

10° —]

—56-16+ 56+16+
1 1.3% 3.5%
5 Normal i pNK
- 0.8%
—56-16- : - 56+16-
—151.1% . - 44.1% -

[ |

10'

—56-16+ 56+16+
— 0.8% R P L 2.3%
=
1 2.1%

\ IIIIIII‘ LI

—h6-16+
— 0.4%

56+16+
0.9%

NI
PNK

0.6%

—56-16-
—133.0%

CD56 PE

Fig. 2 Flow cytometer montage of the uNK, pNK distribution percentages/counts from three individuals presenting as either “normal”, recurrent

implantation failure (RIF) or recurrent pregnancy loss (RPL)

@ Springer



J Assist Reprod Genet (2019) 36:837-846

845

additionally, the sample size chosen here was not initially
determined to evaluate these (tertiary) outcome measures.
Nonetheless, the findings can be useful to generate additional
hypotheses to guide further trials. Perhaps, the associated cy-
tokine production profiles or identification of inhibitory/
activation markers may be a more relevant area for further
research. These highly variable findings suggest that rather
than immunosuppressive therapeutic agents, which seem to
be the “catch all” response in many cases, focusing on
stimulatory techniques such as endometrial scratch or G-
CSF administration may be more useful in some individuals,
particularly in those presenting with implantation failure.
Personalised treatment has, indeed, shown success at improv-
ing the clinical pregnancy rate in this patient population [22,
43], but it is unclear whether systemic changes are reflected in
modifications at the uterine level.

A strength of this study is the fact that the same patient
population has previously been examined using immune cell
percentages, and now, albeit in a slightly smaller cohort, are
being examined using a cell count technique, ostensibly
allowing a direct comparison of both methods in the same
group of patients. Unfortunately, there are also several limita-
tions to the study. In the absence of preimplantation embryo
genetic screening or post-miscarriage cytogenetic analysis, we
cannot determine which patients had aneuploid embryos
transferred. Limiting the inclusion criteria to proven chromo-
somally normal embryos would strengthen the data set by
excluding the largest cause of implantation failure.
Significant numbers of primary and secondary infertility pa-
tients were also studied, and these groups have the potential to
be more heterogeneous in aetiology than strict RIF or RPL
cases. As these groups may have higher rates of embryo an-
euploidy, due to less rigid classification criteria, it is possible
that many of these cases would have normal endometrial lym-
phocyte populations. When analysing post-biopsy treatment
outcomes as a tertiary measure, the sample size was unfortu-
nately a major limitation. To fully evaluate these findings,
larger prospective multicentre data collection is necessary, to
allow stratification between fresh or frozen transfers, and fe-
male age groups, for example, to confirm if any impact of
variations on reproductive outcome is substantive.

Further understanding of the normal endometrial
immunophenotype is required to advance this interesting area,
and when combined with a more detailed interpretation of vari-
ous abnormal deviations, it could potentially diagnose a sub-
group of infertility patients currently labelled as unexplained.
Failure to achieve a live birth despite transferring morphological-
ly high grade or proven euploid blastocysts is a major challenge
in reproductive medicine. The development and validation of
more detailed endometrial profiling techniques, assessing both
receptivity and immunological factors, could help to discover
research areas and identify therapeutic interventions for the im-
plantation failure and recurrent miscarriage populations.
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