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Abstract
Background  It has been hypothesized that the origin of early-onset endometriosis could be from endometrial 
mesenchymal stem cells (eMSCs) in neonatal uterine blood (NUB). There is no information on the possible 
mechanistic basis linking an association between NUB/neonatal endometrium and development of early-onset 
endometriosis. In this study we performed a series of experiments to clarify the mechanistic link between NUB and/or 
neonatal endometrium and development of early-onset endometriosis.

Methods  We retrospectively collected postmortem neonatal endometria (n = 15) and prospectively collected NUB 
(n = 18) of female babies for the analysis of different biological markers including eMSCs. Immunohistochemical 
analysis of neonatal endometria was performed to examine the expression patterns of ovarian steroid receptors 
(ER/PGR), decidualization (prolactin, IGFBP1), pre-decidualization (Glycodelin A, α-SMA), proliferation (Ki-67 index), 
vascularity (CD31 + cells), immunocompetent CD68+, CD45+, CD56 + cells and some putative markers of eMSCs. Cell 
transfer method and immunocytochemistry were used to investigate the eMSCs and/or endometrial cells in NUB.

Results  Immunohistochemical analysis of postmortem neonatal endometria revealed variable staining 
response to ER/PGR, decidual markers, and substantial proliferative and angiogenic activity. A moderate to strong 
immunoexpression of Glycodelin-A was found in both neonatal and adult endometria. The tissue infiltration of 
CD56+, CD45 + and CD68 + immunocompetent cells was significantly low in neonatal endometria than that in adult 
endometria (p = 0.0003, p < 0.0001, p = 0.034, respectively). No eMSCs or even endometrial cells were detected in NUB. 
However, a variable expression of some phenotypes of eMSCs (CD90/CD105) was found in neonatal endometria.

Conclusions  Based on our serial experiments we did not find any supporting evidence for the role of NUB in early-
onset endometriosis. Neonatal endometria showed variable expression of ovarian steroid receptors, decidualization, 
and a substantial amount of proliferative and angiogenic activity. As an alternative mechanism, a significantly 
less tissue accumulation of immunocompetent cells in neonatal endometria may explain the survival of ER + and 
PGR + cells should they make entry into the pelvis and consequent development of early endometriosis with the 
onset of ovarian function. Future study with large sample size and application of modified technological tools is 
warranted to test the NUB hypothesis and to clarify their biological or clinical significance.
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Introduction
Endometriosis is an estrogen-dependent chronic inflam-
matory disease affecting mostly women of reproductive 
age. First described over three centuries ago, endometri-
osis is classically defined as the presence of endometrial 
glands and stroma in extrauterine locations [1]. Endome-
triosis is a multifactorial condition and is difficult to uni-
formly explain its pathogenesis by a single factor. There 
is no consensus concerning the histologic origin of endo-
metriosis. Although retrograde menstruation and/or coe-
lomic metaplasia are the widely accepted hypotheses of 
its pathogenesis [2, 3], cases of pre-menarcheal endome-
triosis are apparently incongruent with these hypotheses. 
As such, the pathogenesis of pre-menarcheal endome-
triosis may differ from endometriosis in adolescent girls 
and adult women. It has been proposed recently that 
mesenchymal stem cells of endometrial origin (eMSCs) 
may contribute to the occurrence of early endometrio-
sis when transported to the pelvis [4, 5]. However, to the 
best of our knowledge, no study has been conducted so 
far to test this hypothesis.

To account for early-onset endometriosis, one hypoth-
esis that neonatal uterine bleeding (NUB) may be respon-
sible has been proposed. The hypothesis posits that, 
like retrograde menstruation in adult women, NUB that 
contains eMSCs can also be regurgitated into the perito-
neal cavity, remains dormant for years and then is reac-
tivated by the rising estrogen levels during thelarche or 
menarche and develops into early-onset endometriosis 
through a process of neo-angiogenesis under the influ-
ence of estrogens [6–10]. To further evaluate this hypoth-
esis, we recently found that NUB occurs in neonates 
on day 1–8 with a prevalence rate of 3.1%. In addition, 
a web-based questionnaire survey indicated that young 
women complain of various endometriosis-related symp-
toms who were born with NUB (Ogawa et al., unpub-
lished data). Although NUB has been hypothesized to be 
the origin and progression of early-onset endometriosis 
[11–14], the exact underlying mechanistic basis is poorly 
described, and the evidence for the hypothesis is com-
pletely absent as of today.

The link between endometriosis and NUB was first 
reported in a postmortem examination of an infant suf-
fering from McKusick-Kauffman syndrome, with an 
intact vaginal septum and a hemorrhagic endometrial 
reflux resulting in congenital endometriosis [15]. Despite 
this information in 1996, NUB is completely overlooked 
in clinical practice due to the belief that it is clinically 
inconsequential. NUB has been described in detail by 

various authors during the second half of the 19th cen-
tury and until 2016 [16]. However, due to its perceived 
clinical insignificance, further information on NUB and 
its possible role in early-onset endometriosis remains 
largely unclear. As of now, it is completely unclear as 
whether NUB and/or neonatal endometrium contain 
endometrial stem/progenitor cells. Similarly, evidence is 
lacking as whether NUB can be truly transported into the 
abdominal cavity. To prove or refute the NUB hypothesis, 
carefully designed prospective studies are warranted.

The pioneering postmortem study of Ober and Bern-
stein documented a broader spectrum of progesterone 
responses in uteri from neonates who had died soon 
after birth [17]. This study demonstrated that despite 
low incidence, decidual transformation and endome-
trial shedding do occur in the neonatal uterus [17]. Since 
the publication of this report in 1955, there is no further 
study demonstrating maternal hormonal response, pro-
liferative and angiogenic activity of postmortem neonatal 
endometrium, likely due to its perceived clinically incon-
sequential nature.

While NUB is hypothesized to contain eMSCs and lay 
dormant in pelvis for many years until “awakened” dur-
ing puberty [8, 9], the published literatures indicate that 
all these eMSCs lack ovarian steroid receptors [6, 10]. In 
the absence of steroid hormonal receptors, it is there-
fore difficult to understand that eMSCs in NUB can dif-
ferentiate into endometriosis-like tissues or cells under 
the influence of ovarian steroids during puberty. It is 
also unclear as why the dormant endometrial cells and/
or eMSCs, if any, in pelvis are not removed by the immu-
nocompetent cells until puberty. This issue has prompted 
us to evaluate alternative mechanism to establish a link, if 
any, between NUB/neonatal endometria and early-onset 
endometriosis.

Although the immunocompetent cells of the adult 
human endometrium are well characterized, little is 
known about the infiltration of immunocompetent cells 
in neonatal endometria [18]. According to published 
reports, the distribution of immunocompetent cells, 
such as CD45 + leukocytes, CD68 + macrophages, and 
CD56 + natural killer (NK) cells in neonatal endome-
tria differs from that in adult endometria [18]. In adult 
endometria, these cells significantly increase in secretory 
phase. While NK cells play an important role for implan-
tation and early pregnancy loss in adult endometria [19, 
20], few or no CD56 + cells were found in neonatal/chil-
dren or in fetal endometria [18]. Therefore, the distribu-
tion of immunocompetent cells in neonatal endometria 
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and their possible involvement in the survival of endo-
metrial cells may clarify the mechanistic link between 
neonatal endometrium and early-onset endometriosis. 
Because once these cells are transported to the pelvis by 
reflux of NUB may remain dormant without clearance 
until the onset of ovarian function during thelarche or 
menarche.

In an attempt to address all these unclear issues as 
mentioned above, this study was set out to investigate 
the followings: (1) To investigated the expression pro-
files of different biological markers (EpCAM/CD10/
Ki-67/CD31), ovarian steroid receptors (ER/PGR) and 
decidual/pre-decidual markers (prolactin/IGFBP1/
Gd-A/α-SMA) in postmortem neonatal endometria 
by immunohistochemistry, (2) To examine the tissue 
infiltration of different immunocompetent cells such 
as CD68 + macrophages, CD45 + pan-leukocytes, and 
CD56 + NK cells in neonatal endometria by immuno-
histochemistry, and to further compare the expression 
profiles of all these markers in neonatal and adult endo-
metria. (3) Since Glycodelin-A (Gd-A) is reported to act 
as one of the immunosuppressive molecules in addition 
to behave as a pre-decidual marker [21–24], we were 
curious to know the association, if any, between Gd-A 
expression and tissue accumulation of immune cells in 
neonatal endometria, (4) To prospectively collect overt 
NUB and its morphological analysis with hematoxylin 
and eosin (H&E) stain or Papanicolaou (Pap) stain, (5) 
To identify different putative eMSCs markers (SUSD2/
PDGFR-β/CD90/CD105) in NUB by immunocytochemi-
cal analysis, (6) To localize different eMSCs, if any, in 
neonatal and adult endometria by immunohistochemical 
analysis, (7) To appraise the evidence of NUB, if any, in 
the development of early-onset endometriosis.

Materials and methods
Study design
This was a combined retrospective and prospective case-
controlled cohort study. The first part investigated the 
expression profiles of different biological markers and 
eMSCs in postmortem neonatal endometria and adult 
endometria in an attempt to understand any difference 
in the biological responses and/or the presence of eMSCs 
between these two groups of endometria. With this pur-
pose, we used uterine and endometrial samples of female 
neonates and adult women that were collected from 
autopsy cases and cases with different benign gyneco-
logical diseases during surgery, respectively. The second 
part of this study comprised of prospective collection of 
NUB in female babies after birth in an attempt to identify 
any eMSCs in NUB as well as in postmortem neonatal 
endometria. All retrospective collection of postmortem 
neonatal endometria and prospective collection of NUB 
and adult endometria were conducted in accordance 

with the guidelines of the Declaration of Helsinki and 
with informed consent where appropriate. This study was 
approved by the Ethics Committee of the Institutional 
Review Board (IRB) of Kyoto Prefectural University of 
Medicine (IRB approval No. ERB-C-1445-1).

Collection of neonatal uterine blood and identification of 
eMSCs
In order to collect visible uterine blood from newborn 
female babies, we made contact with different affiliated 
hospitals of our university and explained the purpose of 
our study to the concerned doctors, nurses and midwives 
of respective hospitals. When midwives discovered NUB 
during changing of diapers, they collected the blood on 
the diaper or vulva with tweezers or cut the area of blood 
stained diaper, immerged in Dulbecco’s modified essen-
tial medium (DMEM) and stored in a refrigerator until 
processing. During the period of 2019–2021, we could 
collect visible uterine blood samples from 18 newborn 
female babies. All samples were collected in DMEM 
except one that was collected in 4% paraformaldehyde 
(PFA). The blood adhering to diaper was washed with 
DMEM and centrifuged (450 g for 5 min). The cell pellets 
were transferred and smeared onto a slide glass and fixed 
with cytology fixative spray. Histological examination 
was performed by hematoxylin and eosin (H&E) stain or 
Papanicolaou (Pap) stain.

The immunocytochemical analysis was performed 
using target antibodies against EpCAM, CD10, ER, PGR, 
Gd-A, PRL, IGFBP1, αSMA, and a number of eMSCs 
markers such as SUSD2, PDGFRβ, CD90, and CD105. 
We applied cell transfer method for this analysis with 
following procedures: We used materials that had been 
stained with the Pap method. The slides were soaked in 
xylene to remove the coverslips. The slides were covered 
with 1: 1 mixture of xylene and mounting medium and 
dried. After warming the slides in a warm water bath 
(60℃), we peeled off the sheet on which target cells were 
attached with a cutter blade. We cut the sheet into small 
rectangular pieces for the designated number of antibod-
ies, attached each sheet to a new slide glass in a warm 
water bath (60℃) and dried. Finally, slides were soaked in 
xylene to remove mounting medium and to complete the 
process of cell transfer. After that, immunostaining was 
performed without antigen retrieval. A representative 
procedure of NUB collection and cell transfer method is 
shown in Suppl. Figure 1.

Collection of neonatal and adult endometria
We collected tissues blocks from 15 autopsy cases under-
going postmortem examination at the Department of 
Pathology of our University. These cases were born at 
the gestational age of 27–40 weeks and died 0–32 days 
after birth for different pathological conditions. All these 
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neonates were delivered by either elective Caesarian sec-
tion or normal vaginal delivery. One neonate died within 
uterus (stillbirth) and was vaginally delivered at the ges-
tational age of 34 weeks and 6 days. Among many cases, 
neonatal endometria from 15 autopsy cases were selected 
based on H&E-stained slides of intact endometrium and 
myometrium as confirmed by one expert histopatholo-
gist (KI) of our university. As a positive control, we col-
lected adult endometria and myometria from 13 women 
who underwent laparoscopic surgery for uterine fibroids 
at Saiseikai Nagasaki Hospital in Nagasaki, Japan. All 
these 13 women, aged 41.3 ± 3.5 (mean ± SD) had no hor-
monal therapy within three months before surgery. Adult 
endometrial samples were classified according to anam-
nestic and histological dating into early secretory (day 
15–22, n = 4) and late secretory (day 23–32, n = 9) phases.

Antibodies
In order to understand the biological behavior of neo-
natal endometria and its difference with adult endome-
tria, we performed immunohistochemical analysis using 
respective antibodies against target antigens as follows: 
epithelial cell adhesion molecule (EpCAM, marker of 
gland cells), CD10 (marker of stromal cells), estrogen 
receptor (ER), progesterone receptor (PGR), prolac-
tin (PRL), Insulin like growth factor binding protein 1 
(IGFBP1), Glycodelin-A (Gd-A, pre-decidual marker), 
α-smooth muscle actin (αSMA, pre-decidual marker), 
Ki-67 (cell proliferation marker), CD31 (vascular cell 
marker), CD68 (marker of macrophages), CD45 (marker 
of pan-leukocytes), CD56 (marker of natural killer (NK) 
cells). To identify endometrial mesenchymal stems cells 
(eMSCs) in neonatal and adult endometria/myometria, 

we also performed immunohistochemistry using respec-
tive antibodies against eMSCs markers such as Sushi 
domain containing 2 (SUSD2), platelet-derived growth 
factor receptor-beta (PDGFRβ), CD90, CD105. A com-
plete list of primary antibodies, concentrations used for 
each antibody, clonality, name of manufacturing com-
panies, and respective positive controls are shown in 
Table 1.

Immunohistochemistry
The details of immunohistochemical staining proce-
dures are described elsewhere [25, 26]. Briefly, 4 μm thick 
paraffin-embedded tissue sections were deparaffinized 
in xylene and rehydrated in graded ethanol and distilled 
water. Antigen retrieval was done for respective anti-
gens. After immersion in 0.3% H2O2-methanol to block 
endogenous peroxidase activity (30  min), sections were 
pre-incubated with blocking buffer for 1 h and then incu-
bated overnight at 4 °C with respective primary antibod-
ies. Sections then were incubated with the secondary 
antibody (90  min, room temperature) followed by visu-
alization with diaminobenzidine-H2O2. Finally, the tissue 
sections were counterstained with Mayer’s hematoxylin, 
dehydrated with serial ethanol, cleared in xylene, and 
mounted. A parallel staining of negative control for each 
slide was prepared and was incubated without primary 
antibody.

Quantification of immunoreactive cells
The immunoreactivities for ER, PGR, CD31, CD68, 
CD45, and CD56 in neonatal endometria were analyzed 
by counting the mean number of positive-staining cells 
in five different high power fields (HPF, x200) and were 

Table 1  List of antibodies used in our current study
Catalog No. Clonality Host Conc. used Name of Company Positive control

EpCAM (Ber-EP4) M0804 Monoclonal Mouse 1:200 Dako endometrium

CD10 (56C6) M7308 Monoclonal Mouse 1:100 Dako endometrium

ER (6F11) NCL-L-ER-6F11 Monoclonal Mouse 1:200 Novocastra endometrium

PGR (1A6) NCL-L-PGR Monoclonal Mouse 1:100 Novocastra endometrium

Ki-67 NCL-L-Ki67-MM1 Monoclonal Mouse 1:100 Novocastra endometrium

CD31 (JC70A) M0823 Monoclonal Mouse 1:400 Dako endometrium

Prolactin (PRL02) MA5-11998 Monoclonal Mouse 1:100 Invitrogen decidua

IGFBP1 NBP2-33475 Polyclonal Rabbit 1:100 Novus biological decidua

Glycodelin-A LS-B10557/ 73,691 Polyclonal Rabbit 1:400 LifeSpan BioSciences decidua

α-Smooth Muscle Actin
(1A4)

A2547 Monoclonal Mouse 1:4000 Sigma-Aldrich endometrium

CD68 (Mφ) (KP1) M0814 Monoclonal Mouse 1:200 Dako lymph node

CD45 (pan-leukocytes) GA751 Monoclonal Mouse 1:4 Dako endometrium

CD56 (NK cells) (123C3) M7304 Monoclonal Mouse 1 : 50 (neonates),　1 : 100 (adult) Dako endometrium

SUSD2 (W5C5) PA5-33064 Polyclonal Rabbit 1:25 Invitrogen neonatal lung

PDGFR-β (42G12) LS-B3667/144,912 Monoclonal Mouse 1:50 LifeSpan
BioSciences

neonatal lung

CD90 (EPR3133) ab133350 Monoclonal Rabbit 1:200 abcam endometrium

CD105 (EPR10145-12) ab169545 Monoclonal Rabbit 1:400 abcam neonatal lung
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compared with positive-staining cells in adult uterus or 
endometrium. The cell proliferation index (Ki-67 index) 
in each tissue was calculated by measuring the mean per-
centage of Ki-67-positive nuclei among total cells in five 
different microscopic fields (x200). The immunoreactivity 
for each of EpCAM, CD10, PRL, IGFBP1, Gd-A, αSMA, 
SUSD2, PDFGRβ, CD90, CD105 in the samples of endo-
metria was quantified by immunoreactive score (IRS) 
system as reported elsewhere [27, 28]. IRS is calculated 
by multiplying the staining intensity (category A) and 
the percentage of immunoreactive cells (category B). The 
staining intensity was graded as 0 (no staining), 1 (weak 
immunostaining), 2 (moderate immunostaining), and 3 
(strong immunostaining). The percentage of immunore-
active cells was graded as 0 (0%), 1 (< 10%), 2 (10 ~ 50%), 3 
(50 ~ 80%), 4 (> 80%). Multiplication of category A and B 
resulted in an IRS ranging from 0 to 12. We represented 
IRS in each endometrial sample by combined immuno-
reactive cells in surface epithelium, glandular epithelium 
and stromal compartment if not mentioned. We calcu-
lated the number of immunoreactive cells and mean IRS 
of five different fields of one section by light microscopy 
at moderate magnification (x200). Counting of all stained 
cells against respective markers and calculation of IRS in 
endometrial samples were performed by a single investi-
gator (KO) who was blind to clinical data.

Statistical analysis
All results are expressed as mean ± SD, mean ± SEM or 
median and interquartile ranges. The clinical charac-
teristics of the subjects between groups were analyzed 
by one-way analysis of variance (ANOVA). Any differ-
ence in the expression of biological markers and num-
ber of immune cells between groups was analyzed by the 
Mann-Whitney U test. Kruskal-Wallis test was used to 
determine any difference among groups. Any correlation 
in the expression of different markers between groups 
was analyzed by Pearson product-moment correlation 
coefficient. The distribution of each marker between 
groups was expressed using the box and whisker plots 
with the medians and inter-quartile range (IQR). A value 
of p < 0.05 was considered statistically significant. All data 
analyses were conducted using SAS software version 9.4 
(SAS Institute Inc. Cary, NC, USA).

Results
Neonatal endometrial samples collected from autopsy 
cases
In an attempt to understand the possible mechanistic 
basis in the association between NUB and early-onset 
endometriosis in young women, we investigated a panel 
of biological and eMSCs markers in neonatal endome-
trium and NUB of newborn babies. At postmortem 
examination, neonatal cervical canal was found relatively 

longer than the length of the uterine cavity of corpus. 
Among 15 cases of neonatal endometria, 13 displayed 
secretory change (vacuolated glands and sparse stroma) 
and 2 cases showed proliferative change (dense gland 
cells and stroma). During histological examination of 
the uterus collected from these postmortem cases, hem-
orrhage in the endometrium was found in two cases 
(13.4%), and a few red blood cells in uterine stroma were 
detected in three cases (20.0%). No hyperemia or pete-
chial hemorrhage in endometrium was observed in any 
of the remaining cases. An image of a postmortem uterus 
and two representative cases of H&E-stained neonatal 
endometria showing secretory and proliferative changes 
with autologous vaginal wall are shown in Fig.  1. The 
clinical profiles of 15 autopsy cases, diagnosis at autopsy 
and histology of the uterus are shown in Table 2.

Expression profiles of EpCAM, CD10, ER, PGR, Ki-67 and 
CD31 in neonatal endometria
A slide image illustrating immunoexpressions of EpCAM, 
CD10, ER, PGR, Ki-67, and CD31 in neonatal and adult 
endometria is shown in Fig. 2A. Among 15 autopsy cases, 
the immunoreactivity rates of all biological markers in 
either gland cells and/or stromal cells of neonatal endo-
metria are shown in Suppl. Table  1. We quantified the 
immunoreactivity of these markers that showed a range 
of weak, moderate to strong staining intensity. After 
quantification of immunoreactivity for each marker, no 
significant difference was found in EpCAM- and CD10-
stained cells between neonatal and adult endometria 
(Fig. 2B, upper panel). Both gland cells and stromal cells 
showed a significantly lower immunoexpressions of ER 
and PGR in neonatal endometria as compared with the 
adult endometria (ER, gland cells, P = 0.0002, stromal 
cells, P = 0.010; PGR, gland cells, P = 0.003, stromal cells, 
P = 0 < 0.0001 (Fig.  2B, middle panel). While no differ-
ence was found in Ki-67-index in glandular epithelial 
cells between neonatal and adult endometria (P = 0.064), 
a significantly decreased Ki-67 index was observed in the 
stromal component (P = 0.017) (Fig. 2B, lower left panel). 
In contrast, the micro-vessel density (MVD) as measured 
by CD31-stained cells was significantly higher in neona-
tal endometria than that in adult endometria (P = 0.015) 
(Fig. 2B, lower right panel). The MVD appeared to be sig-
nificantly higher in neonatal endometria than in neonatal 
myometria (P = 0.004) (data not shown).

Expression profiles of decidual and pre-decidual markers 
in neonatal endometria
We were curious to know the decidual reaction in neo-
natal endometria by investigating immunoexpressions of 
two decidual markers (prolactin and IGFBP1) and two 
pre-decidual markers (Gd-A and α-SMA) and their dif-
ferences in expression with adult endometria.
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Table 2  Characteristics of 15 autopsy cases from whom neonatal endometria were collected for current study
Case 
No.

Gesta-
tional 
(wks)

age(d) Mode of 
delivery

BW 
(g)

Hormonal 
dating*

Death 
after birth 
(day)

Diagnosis at autopsy Histology of uterus

1 29 6 elective CS 1350 secretory change 17 Hydrops fetalis, pleural fluid Hyperemia (-)/Petechiae (-)

2 38 4 elective CS 2610 secretory change 32 Pulmonary atresia, VSD Hyperemia (-)/Petechiae (-)

3 30 1 elective CS 1428 secretory change 12 Ebstein anomaly, ELBW Hyperemia (-)/Petechiae (-)

4 32 3 elective CS 2152 secretory change 1 Polysplenia syndrome, AVC Hyperemia (-)/Petechiae (-)

5 38 0 normal VD 1942 secretory change 10 Ebstein anomaly Hyperemia (-)/Petechiae (-)

6 27 5 elective CS 715 secretory change 1 Twin preterm PROM, DORV Hyperemia (-)/Petechiae (-)

7 36 2 normal VD 2656 secretory change 18 Severe congenital ichthyosis Hyperemia (-)/Petechiae (-)

8 34 6 normal VD 1972 secretory change stillbirth Thanatophoric dysplasia 
(dwarfism)

Hyperemia (-)/Petechiae (-)

9 38 0 elective CS 2400 secretory change 2 Congenital diaphragmatic hernia RBCs in uterine stroma

10 39 0 selective CS 2500 secretory change 1 Congenital diaphragmatic hernia Hemorrhage in endo

11 40 0 normal VD 3330 secretory change 0 Sudden infant death syndrome RBCs in uterine stroma

12 28 4 elective CS 1419 secretory change 0 Congenital diaphragmatic hernia Hyperemia (-)/Petechiae (-)

13 36 1 normal VD 2280 secretory change 0 Tetralogy of Fallot RBCs in uterine stroma

14 37 6 selective CS 2994 proliferative 
change

0 CC adenomatoid malformation 
of lung

Hyperemia (-)/Petechiae (-)

15 38 6 normal VD 2500 proliferative 
change

8 Total anomalous PV connection, 
CHD

Hemorrhage in endo

*Hormonal dating was confirmed by hematoxylin-eosin stained slides of neonatal endometria. RBC, red blood cells;

CS, Caesarian section; VD, vaginal delivery; VSD, ventricular septal defect; ELBW, extreme low birth weight; AVC, atrio-ventricular

communis; PROM, premature rupture of membrane; DORV, double outlet RV; CC, congenital cystic, CHD, congenital heart disease

Fig. 1  Shows images of a postmortem neonatal uterus (upper row, left), hematoxylin and eosin (HE)-stained postmortem uterus (upper row, right), and 
two representative cases of HE-stained neonatal endometria showing secretory and proliferative changes with autologous vaginal wall (middle and lower 
rows). Scale bar = 50 and 100 μm
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The immunoexpression patterns of prolactin (PRL), 
IGFBP1, Gd-A and α-SMA in neonatal and adult endo-
metria are shown in Fig.  3A. Ten neonatal endome-
tria (66.7%) showed positive staining for PRL and were 
mainly observed in the apical surface of glandular lumen 
with a sparse distribution in stroma in 9 cases (60.0%). 
The immunoreactivity of PRL as measured by IRS in neo-
natal endometria was significantly higher than that in 
adult endometria (P = 0.018) (Fig.  3B, upper left panel). 
While PRL expression was found in both glandular epi-
thelial and stromal cells, IGFBP1 expression was confined 
to only stromal cells of adult endometria. In quantita-
tive analysis, the IRS of IGFBP1 in neonatal endometria 
was significantly lower than that in adult endometria 
(P = 0.0008) (Fig. 3B, upper right panel).

A strong immunoreactivity of Gd-A was found in the 
cytoplasm of glands cells of neonatal and adult endo-
metria collected from all cases with a sparse weak stain-
ing in surrounding stromal cells (Fig.  3A). A moderate 
to strong expression of α-SMA was found in vascular/

perivascular area and stromal cells of both neonatal and 
adult endometria with a moderate to strong staining at 
the apical surface of gland cells in neonatal endometria 
(Fig. 3A). Due to weak staining in stromal cells, we ana-
lyzed immunoreactivity of Gd-A in only gland cells and 
found that IRS of Gd-A was significantly lower in neona-
tal endometria compared with that of adult endometria 
(P = 0.003) (Fig. 3B, lower left panel). The IRS of α-SMA 
was analyzed in both gland cells and stromal compart-
ment. While IRS of α-SMA did not show any significant 
difference between gland cells and stromal cells of neona-
tal endometria, stromal compartment of adult endome-
tria showed a significantly higher IRS of α-SMA than that 
in gland cells (P = 0.010) (Fig. 3B, lower right panel).

Expression profiles of immune cells in neonatal 
endometria
A slide image illustrating the CD68 (Mφ)-, CD45 (pan-
leukocytes)-, and CD56 (NK cells)-immunostained cells 
in neonatal and adult endometria is shown in Fig.  4A. 

Fig. 2  Hematoxylin and eosin staining (HE stain) and immunohistochemical staining of EpCAM, CD10, ER, PGR, Ki-67, and CD31 in neonatal and adult 
endometria are shown in panel (A). The quantitative analysis of EpCAM-, CD10-, ER-, PGR-, Ki-67-, and CD31-stained cells and significance between groups 
for each marker is shown on the right panel (B). The details of quantitative analysis of each marker are described in methods. A slide of negative controls 
without use of first antibody is shown on the extreme right row of panel (A). The boxes represent the interquartile ranges and horizontal lines in the boxes 
represent median values. EpCAM, marker of glandular epithelial cells; CD10, marker of stromal cells; ER, estrogen receptor; PGR, progesterone receptor; 
Ki-67, marker of cell proliferation; CD31, marker of vascular cells. Scale bar = 50 and 100 μm
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The tissue infiltrations of each of these immune cells in 
respective endometria and myometria were counted 
and expressed as the mean number of immunostained 
cells per HPF. We found that numbers of CD68-, CD45-, 
and CD56-immunostained cells in neonatal endometria 
were significantly less than those in adult endometria 
(P = 0.0003, P < 0.0001, P = 0.034, respectively (Fig.  4B, 
left column). Considering the thinness of neonatal endo-
metrium, we analyzed tissue infiltration of these three 
immune cells in the combined endometria and myome-
tria of neonatal uterus and compared them with those 
of adult endometria. We found that the numbers of 
CD68 + and CD45 + cells in the combined neonatal endo-
metria and myometria were still significantly less than 
those in adult endometria (P = 0.0009 and P < 0.0001, 
respectively) without showing any significant difference 
for CD56 + cells (P = 0.12) (Fig. 4B, right column).

Considering that Gd-A has strong immunosuppres-
sive effects on several human tissues and immune cells 
[24, 29–32], we were curious to know the tissue infil-
tration of different immune cells (Mφ, pan-leukocytes 
and NK cells) in neonatal and adult endometria and 
their relationship with Gd-A expressions in respective 
endometria.

We found that neonatal endometrial tissue showed 
weakly negative correlation between Gd-A expression 

and CD68 + cells or between Gd-A expression and 
CD45 + cells (Suppl. Figure  2). The correlation between 
Gd-A expression and CD56 + cells was lost in neonatal 
endometria. This negative association was not observed 
in adult endometria (Suppl. Figure  2). In order to dem-
onstrate the existence of a possible immunosuppressive 
environment in the pelvis of newborn babies, we mea-
sured concentration of Gd-A in the peritoneal fluid (PF) 
of six newborn babies (n = 6) who were operated on for 
benign conditions and compared them with that in the 
neonatal uterine blood (n = 5) by ELISA. We found a 
small amount of Gd-A in both PF (median, 58.4 ng/mL) 
and NUB (median, 43.5 ng/mL) without any significant 
difference between them (data not shown).

The morphological appearance and cellular contents of 
NUB
The collected NUB from 18 cases was morphologically 
analyzed by H&E stain or Pap stain. A large number 
of non-keratinized squamous cells were seen in NUB 
against the background of erythrocytes (Fig. 5A, B). The 
cytoplasm staining of most squamous cells appeared 
as turquoise (greenish blue color) and some of them 
appeared to be intermediate squamous cells (Fig.  5B). 
There were a few scattered leukocytes among other cells. 
There was no columnar epithelial cell appearing to be of 

Fig. 3  Hematoxylin and eosin staining (HE stain) and immunohistochemical staining of PRL, IGFBP1, Gd-A, and α-SMA in neonatal and adult endometria 
are shown in panel (A). The quantitative analysis of PRL-, IGFBP1-, Gd-A-, and α-SMA-stained cells and significance between groups for each marker is 
shown on the right panel (B). The details of quantitative analysis are described in methods. A slide of negative controls without use of first antibody is 
shown on the extreme right row of panel (A). In addition to adult endometria, decidual tissue and pituitary gland were used as positive controls (inset). 
The boxes represent the interquartile ranges and horizontal lines in the boxes represent median values. PRL, prolactin-decidual marker; IGFBP1, insulin 
growth factor binding protein 1- decidual marker; Gd-A, Glycodelin-A (also named placentral protein 14)-pre-decidual marker; α-SMA, alpha-smooth 
muscle actin-pre-decidual marker. Scale bar = 50 and 100 μm
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endometrial origin. Following the morphological analy-
sis, we cut the sheet and transferred the cells to several 
new slides by cell transfer method and performed immu-
nocytochemistry using the respective antibodies. Squa-
mous cells in NUB showed strong positive cytoplasmic 
reaction to PGR, Gd-A, and SUSD2 but weak or no stain-
ing for other markers (EpCAM, CD10, ER, PRL, IGFBP1, 
α-SMA) and/or other eMSCs markers (PDGFRβ, CD90, 
CD105) (Suppl. Figure 3). All these findings indicate the 
absence of any epithelial/stromal cells and/or eMSCs in 
NUB. Interestingly, findings of PGR- and PRL-stained 
squamous cells in NUB (Fig. 5C, D) were well coincided 
with the immunostaining of PGR and PRL in several neo-
natal endometria and neonatal vaginal epithelia (Fig. 5F, 
H, J, K). Moreover, superficial and deeper part of neona-
tal vaginal wall showed abundant CD31-stained micro-
vessels (Fig. 5M, N). From these findings, we cannot rule 
out the possibility that part of the NUB may originate 
from the neonatal vaginal wall and coincides with the 
findings of previous reports [7, 11, 16].

Expression profiles of eMSCs in neonatal endometria
Since Pap stain, cell block and cell transfer methods and 
immunocytochemical analysis could not identify any 
expected eMSCs in NUB, we extended further study to 
identify the presence of any eMSCs in neonatal endo-
metria using the similar target markers of eMSCs. While 
immunohistochemical analysis could identify some 
CD90 + and CD105 + eMSCs in neonatal/adult endome-
tria and myometria (Fig. 6A, upper and middle column), 
our analysis could not detect any SUSD2+ (Fig. 6A, lower 
column) and PDGFRβ + cells (data not shown) in neo-
natal/adult endometria and myometria. The immuno-
reaction of CD90- and CD105-stained cells was mostly 
localized to the spindle shaped pericytes of vascular wall 
and/or perivascular area both in endometria and myo-
metria. Our quantification analysis revealed that IRS 
of CD90-stained cells did not show any significant dif-
ference between endometria (E) and myometria (M) of 
neonatal and adult uterus (Fig.  6B). In contrast, IRS of 
CD105-stained cells displayed a statistically significant 
increased distribution in the neonatal endometria (E) 

Fig. 4  Hematoxylin and eosin staining (HE stain) and immunohistochemical staining of CD68, CD45, and CD56 in neonatal and adult endometria are 
shown in panel (A). The quantitative analysis of CD68-, CD45-, and CD56-stained cells and significance between groups for each marker are shown on 
the right panel (B). The details of quantitative analysis are described in methods. A slide of negative controls without use of first antibody is shown on 
the extreme right row of panel (A). In addition to adult endometria, lymph node tissues were used as positive controls (inset). The boxes represent the 
interquartile ranges and horizontal lines in the boxes represent median values. CD68, marker of macrophages; CD45, marker of pan-leukocytes; CD56, 
marker of natural killer cells. Scale bar = 50 and 100 μm
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(P < 0.001) and adult endometria (E) (P = 0.002) than that 
in corresponding myometria (M) (Fig.  6C). Considering 
the thinness of the neonatal endometria, we compared 
CD90- and CD105-stained cells in the combined endo-
metria + myometria (E + M) of neonatal uteri with that 
in adult endometria. We found a significantly higher 
distribution of CD90-stained cells in the neonatal E + M 
compared with that in the adult endometria (P = 0.003) 
(Fig. 6D). This difference was lost for CD105-immunore-
active cells (Fig. 6E).

Discussion
In this study, we investigated a long overlooked issue 
regarding the involvement of NUB in the develop-
ment of early-onset endometriosis. Based on our serial 

experimental evidences, we did not find any supporting 
evidence for the role of NUB in early-onset endometrio-
sis. While our data suggest that neonatal endometrial 
cells may have some potential in early-onset endome-
triosis, it is unclear as this moment as how they could 
be transported and deposited into the peritoneal cavity, 
seemingly resistant to removal, and stay in the cavity for 
years and then at the onset of thelarche become activated 
and form endometriotic lesions.

It is hypothesized that there is a different mechanism in 
early-onset endometriosis in pre-menarcheal girls [33]. 
The presence of eMSCs in NUB has been thought to be 
the origin of early-onset endometriosis [8]. In our cur-
rent study, however, we could not detect either of endo-
metrial epithelial/stromal cells or eMSCs cells in NUB, 

Fig. 5  Hematoxylin and eosin staining (HE stain) (A, E, G, I, L), Papanicolaou (Pap) stain (B) and immunocytochemcial/histochemical staining of PGR (C, 
F, J), PRL (D, H, K), and CD31 (M, N) in neonatal uterine blood (NUB), neonatal endometria, and neonatal vaginal epithelium. An abundant collection of 
vaginal squamous cells (VSCs) in NUB and a variable positive PGR- and PRL- stained cells were observed in VSCs (C, D), neonatal endometria (F, H) and 
in neonatal vaginal epithelial cells (J, K). Both superficial and deeper part of vaginal wall shows increased number of CD31-stained micro-vessels (M, N). 
Scale bar = 50 and 100 μm
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even though we did detect markers of eMSCs in neona-
tal endometrium. More surprisingly, we found abundant 
number of squamous cells of vaginal origin, instead of 
endometrial epithelial/stromal cells, in NUB. In our sepa-
rate experiments with postmortem neonatal endome-
tria, we found that similar to adult endometria, neonatal 
endometria expressed EpCAM-positive and CD10-pos-
itive cells, exhibited decidual reaction, and displayed 
a substantial amount of proliferative and angiogenic 
activity. Unlike NUB, we could detect some phenotypes 
of eMSCs such as CD90 + and CD105 + cells in neonatal 
endometria. Therefore, with these data, we found no evi-
dence in support for the hypothesis that NUB contains 
eMSCs, which are the putative seeds responsible for 
early-onset endometriosis [8, 12–14].

NUB is considered to be the withdrawal bleeding due 
to a sudden decrease of placental progesterone after par-
turition, a physiological phenomenon similar to adult 
menstruation. The fetal or neonatal endometrium is 
influenced by the maternal circulating hormones rather 

than by the own ovaries. It is controversial whether NUB 
comes from endometrium or from cervix but the widely 
accepted theory is that it originates from the endome-
trium. In this study, the ER and PGR expression was seen 
in 50% and 15%, respectively, of neonatal endometria and 
the PGR expression was increased at term. The neona-
tal endometria showed positive reaction to ER and PGR, 
although the expression in terms of intensity was signifi-
cantly lower than that of adults. There was also a single 
layer of endometrial epithelium and morphologically 
showed the secretory change in most cases, consistent 
with the previous report [17].

Of note is the apparent discrepancy in ER staining 
between NUB and neonatal endometria, highlighting our 
observation that NUB is highly likely to originate from 
vaginal epithelial cells, not from endometrium as previ-
ously thought. As such, the NUB hypothesis may be in 
need of a complete overhaul.

Decidualization is a reaction that occurs around vessels 
in the stroma under the influence of progesterone. In this 

Fig. 6  Hematoxylin and eosin staining (HE stain) and immunohistochemical staining of CD90 (upper row), CD105 (middle row), and Sushi domain 
containing 2 (SUSD2) (lower row) in the neonatal endometria/myometria and adult endometria/myometria of panel A. Arrows indicate CD90- or CD105-
stained cells in respective endometria or myometria. No SUSD2-stained cells were identified in neonatal and adult endometria or myometria. In addition 
to adult endometria, neonatal brain tissue (inset) and lung tissue (inset) were used as positive controls for CD90, CD105, and SUSD2. Respective slides 
of negative controls (inset) without the use of first antibody are shown on the extreme right slides of panel (A). The quantitative analysis of CD90- and 
CD105-stained cells in endometria (E), myometria (M) and combined endometria + myometria (E + M) and significance between groups for each marker 
are shown on the panel (B, C, D, E). The details of quantitative analysis are described in methods. The boxes represent the interquartile ranges and hori-
zontal lines in the boxes represent median values. Scale bar = 50 and 100 μm
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study, PRL, one of the decidual markers, was significantly 
higher in neonatal endometria than in adult endometria. 
As for IGFBP, another decidual marker, was significantly 
higher in adult endometria than in neonatal endometria. 
These findings seem to suggest that decidualization in 
endometria may differ between adults and neonates.

One of the interesting findings of our study is that tis-
sue infiltration of three different immunocompetent cells 
was significantly lower in neonatal endometria than that 
in adult endometria. These findings echo to a previous 
report that the distribution of immunocompetent cells, 
such as CD68 + macrophages, CD45 + leukocytes, and 
CD56 + natural killer (NK) cells in neonatal endometria 
differs from that in adult endometria [18]. This decreased 
accumulation of immune cells showed an apparent asso-
ciation with the strong expression of Glycodelin A (Gd-
A) in neonatal endometria. It has been reported that in 
addition to behave as a pre-decidual marker, Gd-A exhib-
its strong immunosuppressive action in different human 
tissues and immune cells such as monocytes, T-cells, 
and NK cells [21–24, 31]. In fact, Gd-A expression was 
observed in almost all of the neonatal endometria. This 
finding in neonatal endometria may possibly suggest the 
pro-survival propensity of ER + and PGR + cells should 
they gain the entry into the pelvis. However, how they 
can be transported, presumably in a piecemeal fash-
ion, into the peritoneal cavity remains unclear. This is 
of particularly interest since the window of NUB is in a 
matter of days, practically a very short time window as 
compared with many opportunities of retrograde men-
struation in adult women. Moreover, even if they gain 
the entry to the pelvic cavity, how they can gain supply of 
nutrients, macromolecules, and oxygens, and thus secure 
their long-term survival remains completely unknown. 
Therefore, our findings, in conjunction of these consider-
ations, suggest that while NUB might be responsible for 
early-onset endometriosis, much more data are needed 
to establish this causal link.

Regulatory T (Treg) cells are potent suppressors of 
inflammatory immune responses and are essential in 
preventing destructive immunity in all tissues thereby 
protecting our body against infection or development of 
a lesion [34, 35]. A delicate balance between pro-inflam-
matory molecule (Th17 cells) and anti-inflammatory 
molecule (Treg cells) operates in pelvic environment 
and may be involved in the onset of early endometrio-
sis as recently reported in adult women [36]. Manipula-
tion of NK and NK T cells (NKT) is considered to be a 
useful tool for immunotherapy in endometriosis and 
cancer [37–39]. As one of the immunosuppressive mol-
ecules, our knowledge on Gd-A in neonatal endome-
tria is insufficient and scarcely described. Traditionally, 
Gd-A, known previously as placental protein 14 (PP14), 
a secreted immunosuppressive glycoprotein, has been 

considered as an indispensable macromolecule in the 
maternal system for the establishment, maintenance, 
and progression of pregnancy [40, 41]. Down-regulation 
of glycodelin leads to increased activation of the mater-
nal immune system and can result in abortion during the 
first trimester [42].

Gd-A suppresses the function of T cells and/or NK 
cells by its direct anti-proliferative and/or pro-apoptotic 
action on these immune cells [29–31, 40, 41]. It has been 
reported that endometriosis patients had significantly 
higher serum and peritoneal fluid (PF) concentrations of 
Gd-A compared with control women without endome-
triosis and displayed Gd-A expression in endometriosis 
lesions [43, 44]. All these findings indicate that Gd-A 
exhibits a potential role in creating an immunosuppres-
sive environment in pelvis and in the pathogenesis of 
endometriosis. Based on decreased number of immune 
cells in neonatal endometria in our current study, we can 
postulate that a decreased immune environment in neo-
nates may prevent eMSCs and/or endometrial cells from 
being eliminated by immune cells if they flow back to the 
pelvis. The significantly less distribution of immune cells 
in neonatal endometria as an alternative mechanistic 
basis of early-onset endometriosis may well coincide with 
the accepted hypothesis of endometriosis that a defective 
immune response contributes to the implantation of ret-
rograde endometrial cells in pelvis during menstruation 
[45].

Endometrial stem/progenitor cells were found in the 
menstrual blood and PF of women with and without 
endometriosis [46]. It is expected that eMSCs in men-
strual blood retrogrades into pelvis and may play a role 
in the pathogenesis and progression of endometrio-
sis. However, eMSCs have not been identified in NUB 
in our study. As an observation study with small sam-
ples, we could not detect any eMSCs in PF of newborn 
babies (Ogawa et al., unpublished data). SUSD2, CD146, 
PDFGRβ are the markers used for separating eMSCs by 
FACS analysis [46]. CD146, CD90, CD105 positive cells 
were found in perivascular stroma in adult endometria 
[10]. We demonstrated that CD90 + and CD105 + cells 
are similarly located in the perivascular area in neona-
tal endometria, while we could not find any CD90 + or 
CD105 + cells in NUB by our current methodology. Even 
CD90 + and CD105 + eMSCs cells in neonatal endometria 
remain dormant in pelvis until puberty after their retro-
grade transport, these cells lack ER and PGR [9, 10]. In 
the absence of steroid hormonal receptors, it is there-
fore difficult to understand that eMSCs in NUB and/or 
in neonatal endometria can differentiate into endome-
triosis-like tissues or cells under the influence of ovar-
ian steroids during puberty. Therefore, the role of eMSCs 
in NUB and/or in neonatal endometria in early-onset 
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endometriosis still remains to be an equivocal issue yet to 
be confirmed by future study.

It is also unclear as why the presumably dormant 
endometrial cells and/or eMSCs, if any, in pelvis are not 
removed by the immunocompetent cells until puberty. 
Our current findings of decreased immunocompetent 
cells and their association with strong expression of 
Gd-A in neonatal endometria may, at least in part, clarify 
this issue. Although a proportion of niche cells among 
eMSCs do express ER and PGR [10], their existence and 
viability in NUB and in neonatal endometria is unknown 
and yet to be determined. However, we cannot exclude 
the possibility that retrograde flow of ER+/PGR + cells as 
niche cells may affect the growth of eMSCs, because it 
has been reported that proliferation of some phenotypes 
of eMSCs is induced by the niche cells in cell co-culture 
system [47, 48]. Future application of different method-
ological tool may address this unclear issue. Alternatively, 
it is possible, at least theoretically, that the proportion of 
eMSCs is genuinely low, hence we could not detect them. 
Indeed, if the proportion of eMSCs + NUB is 1%, then we 
would have a very high probability (83.5%) of seeing no 
eMSCs in our 18 samples. Hence our data ruled out the 
possibility that a high proportion of NUB samples con-
tain eMSCs.

We collected NUB by a non-invasive way in which 
blood was gently collected from diapers or vagina. NUB 
contains numerous squamous cells but no endometrial 
cells or eMSCs. Intrauterine hemorrhage and decidual 
change in female babies occur [17]. We also demon-
strated that hemorrhage was seen in some cases of neo-
natal endometria. In addition to overt NUB, occult NUB 
occurs in 21–61% of female neonates [7, 8]. The rela-
tively long neonatal cervix as compared with adult one 
may block the cervix by mucus plug. These features of 
neonatal uterus may facilitate the regurgitation of NUB. 
Accordingly, “no visible NUB” does not mean that “no 
bleeding in endometrium”. At this moment, overt NUB 
cannot be a reliable biomarker of future endometriosis. 
On the other hand, the pattern of expression of higher 
PGR and PRL expression in neonatal vaginal wall with 
increased vascularity is suggestive of the possibility that 
part of the NUB could originate from the vaginal wall. 
Similar to the effect on neonatal endometria, surface 
vaginal mucosal tissue may become fragile and cause 
bleeding that is enriched with vaginal squamous cells as 
a result of maternal P withdrawal during parturition. In 
fact, uterine bleeding in the neonate was first described 
as vaginal bleeding by Carus in 1822 and later by Drake 
in 1907 [11] and may support our current findings. Fur-
ther studies are indeed necessary to clarify this issue.

This study has several strengths. First, the combined 
use of NUB samples and the neonatal endometrial tis-
sue samples was performed. Second, we analyzed both 

eMSCs and endometrial cells in NUB and neonatal endo-
metrial samples. Third, we analyzed different immuno-
competent cells and an immunosuppressive molecule 
(Gd-A) in neonatal endometrial tissue samples. There 
are some potential limitations in our current study: (1) 
Sample size of NUB and postmortem neonatal endome-
tria is rather small; (2) The sample volume of NUB was 
scant to confirm the presence of endometrial stem/pro-
genitor cells and/or endometrial epithelial/stromal cells 
by mRNA expression or FACS assay; (3) We could not 
clarify one important issue as whether NUB truly enters 
into the pelvis of female babies via the Fallopian tubes. 
Our unpublished data with PF (n = 6) showed presence of 
occult blood in a proportion of PF using H&E and Pap 
stain. This finding should be interpreted with caution. 
The presence of blood in PF could be the result of ret-
rograde flow of NUB or contamination during surgical 
manipulation. (4) We did not investigate occult NUB nor 
did we clarify the association between non-NUB cases 
resulting from P resistance and occurrence of pregnancy-
related complications as described before [8, 11]. In fact, 
this was not the focus of our current study. Future stud-
ies, with larger sample size and improved methodological 
tools, are warranted to address these unclear issues.

Conclusions
Our current findings may have some biological implica-
tion to better understand the biology and pathophysiol-
ogy of neonatal endometrium. Our serial experimental 
findings suggest that while neonatal endometria contain 
eMSCs and Gd-A, no eMSCs or even endometrial cells 
were found in NUB. Therefore, at this moment, NUB 
hypothesis is not supported by our current data. The ori-
gin of NUB should be carefully considered, whether it is 
from endometrium or from vaginal wall. As an alternative 
mechanism, decreased infiltration of immunocompetent 
cells and increased expression of Gd-A may support the 
possibility that neonatal endometrial cells may remain 
dormant in pelvis for years until puberty without being 
removed by immune cells. Although it is premature to 
conclude unequivocally as of now, we can, at least, sug-
gest that some ER + and PGR + residual cells of neonatal 
endometria can be reactivated with the onset of thelar-
che and may culminate in the development of early-onset 
endometriosis. Our current study may open new avenue 
for future NUB study with large sample size and applica-
tion of modified technological tools to confirm the exis-
tence of any eMSCs and/or endometrial cells in NUB and 
to clarify their biological or clinical significance.
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Supplementary Material 1: Suppl. Figure 1 Shows cell transfer methods. 
A representative procedure of neonatal uterine blood (NUB) collection 
(A, B, C) and steps of cell transfer method (D-H) are shown in this figure. 
The details of NUB collection and cell transfer procedure are mentioned in 
method section.

Supplementary Material 2: Suppl. Figure 2. Correlation between im-
munoreactive scores (IRS) of Glycodelin-A (Gd-A) expression and tissue 
infiltration of CD68 (macrophages)-, CD45 (pan-leukocytes)-, and CD56 
(natural killer cells, NK)-stained cells (mean numbers per high power field) 
in neonatal endometria (A) and adult endometria (B). A weakly negative 
correlation between IRS of Gd-A expression and tissue infiltration of CD68-
stained macrophages (r = 0.01) and CD45-stained pan-leukocytes (r = 0.22) 
was found in neonatal endometria but not between IRS of Gd-A expres-
sion and CD56-stained NK cells (r = 0.31) (A). A weakly positive correlation 
was observed between IRS of Gd-A expression and CD68/CD45-stained 
cells in adult endometria (B).

Supplementary Material 3: Suppl. Figure 3 Shows expression of different 
biological markers in neonatal uterine blood. Immunocytochemical stain-
ing of different biological markers (A-H) and epithelial mesenchymal stem 
cells (eMSCs) (I-L) in prospectively collected neonatal uterine blood (NUB). 
Squamous cells in NUB showed strong positive cytoplasmic reaction to 
PGR (D), Gd-A (G), and SUSD2 (I) and weak or no staining for other mark-
ers (EpCAM, CD10, ER, PRL, IGFBP1, α-SMA) and/or other eMSCs markers 
(PDGFRβ, CD90, CD105). The respective abbreviation for each of these 
biological markers is mentioned in the text.

Supplementary Material 4: Suppl. Table 1. Shows immunohistochemical 
staining rates of different biological markers in neonatal endometria.
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