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a b s t r a c t

Objective: Defects in L-selectin ligand (LSL) expression have been reported to cause implantation failure,
but little is known about LSL expression in adenomyosis. This study evaluates LSL expression throughout
the menstrual cycle in women with adenomyosis.
Materials and methods: Endometrial samples were obtained from reproductive-aged women with ade-
nomyosis who underwent hysterectomy. A total of 42 endometrial biopsies were included. There were 12
women in proliferative phase, 10 in early-secretory phase, 9 in mid-secretory phase, and 11 in late-
secretory phase. Immunohistochemistry, western blotting, and RT-PCR were performed to evaluate LSL
expression. A non-parametric KruskaleWallis one-way analysis of variance with multiple comparisons
was performed to examine differences among menstrual phases.
Results: Immunohistochemistry analysis with MECA-79 shows that LSL is expressed with weak intensity
in the endometrium in all phases. In the luminal epithelium, MECA-79 reactivity increased from the
proliferative to the late-secretory phase but decreased in the mid-secretory phase. There were significant
differences in the mean histological scores (HSCOREs) among the proliferative, early-secretory, and late-
secretory phases (p < 0.05). Five LSL genes were detected in the adenomyotic endometria: PODXL, EMCN,
CD300LG, GLYCAM1, and CD34. The mRNA expression of LSL genes occurred differentially among phases.
Moreover, PODXL differed significantly among phases (p < 0.05).
Conclusions: LSL expressions were downregulated in the luminal epithelium of adenomyotic endometria
in the mid-secretory phase. The mRNA expressions of LSL genes also had differential expression patterns
throughout the menstrual cycle, especially for PODXL. Our study showed that adenomyosis may cause
abnormalities of LSL production in the mid-secretory phase, which may contribute to impaired endo-
metrial receptivity and implantation failure.
© 2018 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Adenomyosis is a common but benign uterine disease charac-
terized by the presence of ectopic endometrial glands and stroma
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within the myometrium. In addition, the surrounding myometrium
usually reveals hypertrophy [1]. The manifestation of the disease
ranges from grossly visible nodules called adenomyoma to smaller
forms that are only detectable by microscopy. Adenomyosis affects
nearly 20% of the population of females of reproductive age. The
most common symptoms are dysmenorrhea, abnormal uterine
bleeding, hypermenorrhea, and infertility. Approximately 35% of
women with adenomyosis are asymptomatic [2].

The relationship between adenomyosis and infertility is still
unclear, but severe adenomyosis has a negative impact on fertility
and could impair pregnancy rates when using artificial reproduc-
tive techniques [3,4]. Some reports show that women with
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adenomyosis have poorer reproductive outcomes [5,6]. The path-
ophysiology of infertility associated with adenomyosis is related to
gene dysregulation, altered uterine peristaltic activity, altered
endometrial function, impaired implantation, altered decidualiza-
tion, and abnormal concentrations of intrauterine free radicals [7].
Thus far, there has been little molecular data to explain the
mechanism behind subfertility and infertility in adenomyosis.
Furthermore, little is known about the effects of adenomyosis on
known biomarkers of endometrial receptivity, such as L-selectin
ligand (LSL).

LSLs are glycoproteins that bind to L-selectin (CD62P) on leu-
kocytes in high endothelial venules (HEVs) of the lymph nodes [8].
Interestingly, evidence indicates that the initial attachment of an
embryo to the endometrium depends on the binding of L-selectin
expressed by the trophoblast and oligosaccharide-based ligands
expressed by the endometrium [9,10]. More and more evidence is
revealing that the expression of LSL might reflect endometrial
receptivity [11]. In our previous study, LSL was expressed differ-
entially between different phases of the natural cycle in the human
endometrium. It was upregulated in the secretory phase and
downregulated in the proliferative phase. The expression of LSL
reached its highest level in the luminal epithelium in the mid-
secretory phase, which coincides with the window of implanta-
tion [12]. Another study of our team revealed that oocyte donors
had lower LSL expression than controls on cycle day 19 in the
luminal epithelium and from cycle days 19e24 in the glandular
epithelium. This time frame corresponds with the implantation
window [13]. These results suggest that controlled ovarian hyper-
stimulation is associated with reduced LSL expression in the
secretory phase, particularly during the implantation window.

Defects in LSL expression lead to implantation failure and early
pregnancy loss [9]. Recently, a study showed that the absence of LSL
during the implantation window in the secretory endometrium
could lead to recurrent implantation failure (RIF) in patients who
suffer from unexplained infertility [14]. A screening test for RIF's
patients who lack LSL had a predictive value of 100% with 50%
sensitivity and 100% specificity. The positive predictive value was
100%, and the negative predictive value was 87%. The study
concluded that LSL plays a vital role in early human implantation.
Screening for the absence of LSL might help many patients with RIF
to avoid repeatedly undergoing failed treatment cycles [14].

To date, little is known about the patterns of LSL distribution in
the different phases during the menstrual cycle in adenomyosis. In
addition, little is known about whether adenomyosis impairs LSL
expression in the human endometrium. Therefore, this study
evaluates the expression pattern of LSL in different phases during
the menstrual cycle in adenomyosis and explores the mRNA ex-
pressions of LSL genes in these phases. We hypothesized that
adenomyosis could impair endometrial LSL expression in the mid-
secretory phase (the period of embryo implantation).

Materials and methods

All procedures conformed to the Declaration of Helsinki for
research involving human subjects. The Institutional Review Board
of Cathay General Hospital approved the use of human specimens
(CGHIRB No.: CT9681). Formal informed consent was obtained from
all patients before sample collection. The medical records of all
patients were reviewed retrospectively.

Sample collection

Participants were included using the following criteria: 1) age
ranging from 35 to 50 years; 2) regular menstrual cycle (28e35
days); 3) body mass index (BMI) less than 28; 4) no hormone
therapy within at least 2 months before surgery; 5) no other gy-
necological diseases, such as pelvic inflammatory disease (PID),
cancers, endometrial hyperplasia, submucosal myoma or endo-
metrial polyps; 6) and no sexually transmitted diseases (STD). Pa-
tients were excluded from the study if they had 1) pregnancy, 2)
coagulopathy, 3) psychological diseases, or 4) any other apparent
reproductive tract pathology.

Endometrium tissue samples were collected from women with
adenomyosis who underwent hysterectomy from August 2008 to
July 2009. Samples with evidence of endometritis, endometrial
polyps, endometrial hyperplasia, or other endometrial pathologies
were excluded. There were 42 endometrial biopsies, which
included 12 from the proliferative phase (days 7e14), 10 from the
early-secretory phase (days 15e18), 9 from the mid-secretory
phase (days 19e24), and 11 from the late-secretory phase (days
S 25). In addition, 11 endometrial samples were obtained to
compare the LSL mRNA expression from menopausal women with
uterine prolapse who underwent vaginal hysterectomy. Tissue
samples were frozen at �80 �C until immunohistochemistry ana-
lyses and RNA isolation.

Immunohistochemistry

One portion of the obtained tissues was fixed in buffered
formalin and evaluated by a pathologist with experience in endo-
metrial dating. Separate dating of the luminal and glandular
epithelium was carried out according to the criteria reported by
Noyes et al. [15]. A second portion of each biopsy sample was used
to investigate the expression of LSL by immunohistochemistry. The
expression of LSL was examined by immunolocalization with rat
monoclonal antibody MECA-79 (BD Biosciences, San Jose, CA),
which recognizes a high-affinity LSL carbohydrate epitope con-
taining SO3 / 6GlcNAc [16].

The assaywas performed as described previously [12,17]. Briefly,
the samples were fixed in 10% buffered formaldehyde for 24 h and
embedded in paraffin. Paraffin sections with thicknesses of
3e4 mm were prepared on positively charged slides prior to the
immunohistochemical analysis. The sections were dewaxed with
xylene, followed by descending grades of methanol solutions to
distilled water. They were then pretreated at 90� for 20 min with
Citra Buffer (Vector H3300, Vector Laboratories, Burlingame, CA) in
a steamer (HA900; Black & Decker, Hampstead, MD).

The tissue sections were labeled with MECA-79 at a concen-
tration of 3.3 mg/mL using a dilution of 1:30 in phosphate-buffered
saline (PBS). Positive and negative (no antibody) controls were
established using a section of tonsil and a section of endometrium
tissue, respectively. For antigen retrieval, the slides were incubated
in CC1 buffer (Ventana) for 1 h on plates heated at 100 �C with a
Benchmark XT processor. The primary antibody incubation was
performed for 32 min at a dilution of 1:30 and 37 �C. Positive
binding of MECA-79 was detected by biotinylated rabbit anti-
mouse secondary antibody (at a dilution of 1:800 with PBS),
which cross-reacts with the rat primary antibody.

After the hybridization of primary and secondary antibodies, the
HRP conjugated avidin-biotin peroxidase (ABC) complex was
analyzed using a Ventana DAB Detection Kit (Ventana-Biotek So-
lutions Inc., Tucson, AZ). The slides were counterstained with he-
matoxylin, dehydrated, cleared, and mounted in DPX mountant.
Finally, theywere evaluated using an Eclipse 80i optical microscope
(Nikon, Tokyo, Japan). The intensity of staining of the antibody was
then analyzed in both the glandular and luminal epithelium by a
semi-quantitative histological scores (HSCOREs) system [18].
HSCOREs for the tissue section were derived as the sum of the
component HSCOREs weighted by the fraction of each component
observed in the tissue section. The HSCOREs were calculated using
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the equation HSCOREs ¼ S Pi (i þ 1), where i is the intensity of the
stained epithelium (1 ¼ weak, 2 ¼ moderate, and 3 ¼ strong), and
Pi is the percentage of stained epithelial cells for each intensity and
varies from 0 to 100%. This semi-quantitative analysis has been
shown to have low intra-observer and inter-observer error [19].

Western blot analysis

Western blot analysis was performed according to a previous
report [17]. Endometrial samples were homogenized in 10 mM
potassium homogenization buffer containing 250 mM of sucrose,
1 mMof EDTA, and 0.1mMof phenylmethylsulfonyl fluoride, which
was adjusted to pH 7.6. Homogenates were centrifuged at 3000 � g
for 5 min and 9000 � g for 15 min. The endometrial homogenates
(50 mg) were separated by electrophoresis on 10% sodium dodecyl
sulfateepolyacrylamide electrophoresis gel and transferred to a
nitrocellulose membrane in a transfer buffer (50 mM Tris, 95 mM
glycine, and 20% ethanol) at 100 V at 4 �C for 1 h.

The membranes were blocked overnight with 5% bovine serum
albumin (BSA) diluted in 0.1% Tween-20-Tris buffered saline (TTBS,
blocking buffer) for MECA-79 detection. Membranes were subse-
quently incubated for 1 h at 48 �C with rat anti-MECA-79 mono-
clonal antibody diluted to 1/1000 in 5% BSA-TTBS. After washing
five times with TTBS, blots were incubated for 1 h at room tem-
perature with the appropriated secondary antibody coupled to
horseradish peroxidase. Between the various incubation steps, the
membranes were washed several times with TTBS.

The samples were processed in parallel using rabbit anti-Glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH) antibody (Santa
Cruz Biotech) and the appropriated secondary antibody in order to
normalize the protein load in each well. The membranes were
washed with TTBS and then developed using enhanced chem-
iluminescence (Pierce Chemical Co., Rockford, IL). The relative in-
tensity of the bands was determined using UnScanit software (Silk
Scientific, Inc., Orem, UT). The background was subtracted from
each band volume using local background subtraction. The band
intensities acquired from each protein extract were normalized
against corresponding values for bands of the house-keeping pro-
tein GAPDH.

Reverse-transcription polymerase chain reaction (RT-PCR)

The mRNA expressions of LSL genes were analyzed using one-
step quantitative RT-PCR. There are 5 genes of LSL-peptide
Table 1
Sequences of primers used for RT-PCR in this study.

Gene Symbol Accession No.a Sequence (50 to 30)b

PODXL NM_001018111 F_AAAGGCCAAAAGCTCAGACA
R_GGACGTTCCCACAACAGTCT

EMCN NM_001159694 F_GAGCGTGAAGCTTCTTACCG
R_GGTATGGAAGTCGGGATTGA

GLYCAM1 NR_003039 F_CTGCTACAGCTCCACCATGA
R_GTTCTGCAGCTTTCCACCTC

CD34 NM_001025109 F_GCAAGCCACCAGAGCTATTC
R_TGCATGTGCAGACTCCTTTC

CHST2 NM_004267 F_TCCAAGCCTTTCGTGGTATC
R_GGGAACCCCTTTTAGAGACG

CHST4 NM_001166395 F_TGGCCATCTTGGCTCTATTC
R_CTGCTTGAAGGTCATCCACA

CD300LG NM_001168322 F_GCCTGACCTAGAAGCGTTTG
R_CCTCAAACTCAAGTGCGACA

GAPDH NM_001256799 F_ACCACAGTCCATGCCATCAC
R_TCCACCACCCTGTTGCTGTA

a Accession No. refers to the registered number of each respected mRNA.
b F: Forward primer; R: Reverse primer.
c Amplicon size in base pairs.
components found in HEVs of the lymph node in mouse: podoca-
lyxin (PODXL), endomucin (EMCN), nepmucin (CD300LG), glycosyla-
tion-dependent cell adhesion molecule 1 (GLYCAM1), and CD34. Two
main HEV-expressed sulfotransferases are involved in the genera-
tion of LSL epitopes and LSL activity: carbohydrate sulfotransferase
2 (CHST2) and carbohydrate sulfotransferase 4 (CHST4) [8,20]. One-
step quantitative RT-PCR was also performed to analyze the gene
expression of CHST2 and CHST4.

Total RNA was isolated using 3-Zol reagent (MDBio, Taipei,
Taiwan). The RNA samples were treated with Dnase I (Promega,
Madison, WI) to remove traces of genomic DNA. The buffer con-
ditions in the RNA solutionwere adjusted to assure optimal Dnase I
activity. RNA absorbance at 260 nm was measured using a spec-
trophotometer to obtain a yield in micrograms per microliter (mg/
mL). Quantitative RT-PCRwas performedwith 1 mg of total RNA from
the endometrial specimens. The cDNA was synthesized and
amplified using a Titanium One-Step RT-PCR Kit (BD Biosciences
Clonetech, Palo Alto, CA). The cDNA levels of the genes of interest
were measured using specific primer pairs, which are described in
detail in Table 1. GAPDH was used as an internal control.

For quantitative analysis, it is necessary to determine the linear
correlation window of PCR cycles for each sample. Control experi-
ments were conducted to determine the range of PCR cycles where
the amplification efficiency remained constant. The gene products
were amplified using 30 s at 94 �C for denaturation, 30 s at 65 �C for
annealing, and 1 min of extension at 68 �C for 18 to 32 cycles,
depending on the transcript abundance and template complexity,
followed by a final extension step at 68 �C for 2 min (Table 1).

After an indicated number of PCR cycles (between 18 and 32), 3-
mL aliquots of PCR reaction mixtures were collected. PCR products
were separated by electrophoresis in 2% agarose gels and ethidium
bromide staining. Images of the electrophoresis gels were obtained
using a Typhoon 9410 multiple image scanner (GE, Little Chalfont,
Buckinghamshire, United Kingdom) with a 610-nm band-pass
emission filter. The densities of target bands in the electropho-
resis gel were measured and quantified using ImageQuant software
(Amersham Pharmacia Biotech).
Statistical analysis

A non-parametric KruskaleWallis one-way analysis of variance
was performed to compare the mean HSCOREs. When a significant
difference was identified in the main effect, a Dunn post-hoc test
Product (bp)c Cycle Annealing temp (�C)

154 29 56

193 26 56

215 37 56

181 29 56

209 29 56

203 29 56

487 29 60

480 18 56



Table 2
Demographic data of the subjects at different phases of the menstrual cycle.

Phases Proliferative Early-secretory Mid-secretory Late-secretory Menopause P valuea

(day 7e14) (day 15e18) (day 19e24) (day S 25)

No. of subjects 12 10 9 11 11
Mean ± (SE) age (y) 42.3 ± 3.7 46.8 ± 2.6 46.4 ± 2.8 41.0 ± 8.1 60 ± 7.6 0.07
Mean ± (SE) BMI (kg/m2) 23.1 ± 3.5 23.8 ± 3.8 23.8 ± 2.9 23.2 ± 1.8 23.9 ± 5.8 0.79

BMI: body mass index; No.: Number; SE: standard error.
a p value was KeW test between four phases in adenomyosis.

Fig. 1. Immunohistochemical staining with MECA-79 for LSL expression in adenomyotic endometria. LSLs were weakly expressed in the luminal and glandular epithelia of the
endometrium in all the phases. Luminal epithelium at (A) proliferative (cycle days 7e14), (B) early-secretory (cycle days 15e18), (C) mid-secretory (cycle days 19e24), (D) late-
secretory (cycle days S 25) phases, and (E) menopause. Glandular epithelium at (F) proliferative, (G) early-secretory, (H) mid-secretory, (I) late-secretory phases, and (J) nega-
tive control. Original magnification 40�. LSL: L-selectin ligand.
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was performed to identify the differences between the phases.
P < 0.05 was considered as statistically significant.

For the calculation of LSL mRNA expression, we assumed that
the LSL mRNA expression in menopausal endometria was as basic
expression dosages without sex hormone stimulation. The relative
fold changes of LSL mRNA expression in reproductive endometria
were divided by those in menopausal endometria, which can
represent the expression patterns of LSL mRNAs in different phases
during the menstrual cycle induced by cyclic sex hormone stimu-
lation. The values obtained from each sample were normalized to
GAPDH expression, and the data are presented as the means ± the
standard error of the mean.

A nonparametric KruskaleWallis (KeW) one-way analysis of
variance with multiple comparisons was performed to examine
differences betweenmenstrual phases. Findings with a two-sided P
value < 0.05 were considered to indicate statistically significant
differences between phases. All data analyses were performed us-
ing SPSS version 13.0 (Chicago, IL, USA).
Results

Table 2 summarizes the demographic data of the subjects. The
mean ages of cases in the proliferative, early-secretory, mid-
secretory, and late-secretory phases were 42.3 ± 3.7, 46.8 ± 2.6,
46.4 ± 2.8, and 41.0 ± 8.1 years, respectively. The average BMIs were
23.1 ± 3.5 kg/m2 for the proliferative phase, 23.8 ± 3.8 kg/m2 for the
early-secretory phase, 23.8 ± 2.9 kg/m2 for the mid-secretory
phase, and 23.2 ± 1.8 kg/m2 for the late-secretory phase. The
mean age and BMI of the menopausal group were 60.0 ± 7.6 years
and 23.9 ± 5.8 kg/m2, respectively. The mean age and BMI of the
patients were not significantly different between phases (p > 0.05).

Immunohistochemistry analysis withMECA-79 showed that LSL
was weakly expressed in the luminal and glandular epithelium of
the endometrium in all phases (Fig. 1). Interestingly, weak immu-
nostaining was also found in the luminal epithelium of the
menopausal endometria (Fig.1E). In the luminal epithelium,MECA-
Fig. 2. Mean (±SEM) HSCOREs of MECA-79 for LSL in adenomyotic endometria throughout m
in the luminal epithelium. Significant differences were found between the proliferative
*p < 0.05. (B) LSLs increased gradually from the proliferative to mid-secretory phases and the
was observed among the phases. P: proliferative phase; ES: early-secretory phase; MS: mid
79 reactivity was relatively weak in the proliferative phase (Fig. 1A).
The reactivity increased by the early-secretory phase (Fig. 1B) but
fell during the mid-secretory phase (Fig. 1C) and then rose to its
peak level during the late-secretory phase (Fig. 1D).

The mean HSCOREs among the proliferative, early-secretory,
and late-secretory phases were significantly different (P < 0.05)
(Fig. 2A). In the glandular epithelium, LSLs increased gradually to
reach their peak level in the mid-secretory phase and then fell by
the late-secretory phase (Fig. 1FeI). No significant differences were
observed in the mean HSCOREs of the glandular epithelium among
phases (Fig. 2B). No immunoreactivity was detected when mono-
clonal antibody MiTF was used as the primary antibody in the
negative control staining (Fig. 1J).

LSL expression was confirmed via MECA-79 antibody detection
using western blot in all four phases of the menstrual cycle
(Fig. 3A). Five LSL genes were detected in adenomyotic and
menopausal endometria: PODXL, EMCN, CD300LG, GLYCAM1, and
CD34 (Fig. 3B). The mRNA expressions of the LSL genes occurred
differentially among the phases, but only PODXL differed signifi-
cantly. A post-hoc test revealed PODXL differed significantly be-
tween the proliferative, early secretory, and mid-secretory phase.
PODXL also had statistically significant differences between the
late-, early-, and mid-secretory phases (p < 0.05) (Fig. 4A).

Comparison of the mRNA expression in the proliferative and
mid-secretory phases indicated that the expression of all LSL genes
were higher in the mid-secretory phase than in the proliferative
phase. Moreover, PODXL expressionwas significantly different from
that of EMCN and CD34 (p < 0.05) (Fig. 4B). The mRNA expressions
of the CHST2 and CHST4 genes were expressed without significant
differences among phases (Fig. 5).
Discussion

Immunohistochemistry analysis with MECA-79 revealed that
LSL was expressed in the luminal and glandular epithelium of the
adenomyotic endometrium throughout the menstrual cycle (Fig. 1).
enstrual cycle. (A) Decreased expression of LSL was found in the mid-secretory phase
and early-secretory phases and between the proliferative and late-secretory phases.
n fell by the late-secretory phase in the glandular epithelium. No significant difference
-secretory phase; LS: late-secretory phase; LSL: L-selectin ligand.



Fig. 3. A. Western blot to confirm LSL expression via MECA-79 antibody detection in
different phases during the menstrual cycle in adenomyotic endometria. Strong band
density at 79k Da was observed in the four phases. The band density was normalized to
GAPDH. P: proliferative phase; ES: early-secretory phase; MS: mid-secretory phase; LS:
late-secretory phase; LSL: L-selectin ligand; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase. B. Examples of RT-PCR gel electrophoresis for the mRNA expressions
of LSL genes in different phases during the menstrual cycle in adenomyotic endome-
tria. Cropped gels of RT-PCR products in selected samples showed that the LSL genes
PODXL, EMCN, GLYCAM1, CD34, and CD300LG were differentially expressed in the four
phases of the menstrual cycle and menopausal endometria. The mRNA expressions of
CHST2 and CHST4 were also found in the four phases of the menstrual cycle and
menopausal endometria. The mRNA levels were normalized to GAPDH mRNA levels. P:
proliferative phase; ES: early-secretory phase; MS: mid-secretory phase; LS: late-
secretory phase; LSL: L-selectin ligand.
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The expression pattern and immunostaining intensity were
different from those found in the normal endometrium of the
natural cycle in our previous study [12]. In that study, LSL had
differential but strong expression in the endometrium among the
phases of the natural cycle in women with myoma. However, the
immunostaining intensity of LSL was relatively weak in the luminal
epithelium of the adenomyotic endometrium compared to a
normal endometrium using HSCOREs (Fig. 2A). Moreover, the LSL
expression decreased in the mid-secretory phase (the period of
embryo implantation).

Statistically significant differences were found between the
proliferative, early-secretory, and late-secretory phases (Fig. 2A).
These results suggested that weak LSL expression in the luminal
epithelium throughout the menstrual cycle, especially decreased
LSL expression in the mid-secretory phase, might be related to
impaired endometrial receptivity and cause implantation failure in
women with adenomyosis. In addition, we also found that LSL
expression was very weak in the luminal epithelium of the
menopausal endometrium (Fig. 1F). In summary, these results
indicate that LSL may usually be present in the endometrium,
regardless of whether a woman is at reproductive or menopausal
age as well as with adenomyosis. This implies that LSL might serve
as a basic adhesion molecule in the human endometrium, which is
not only largely expressed during the window of embryo implan-
tation but also in normal, adenomyotic, and menopausal
endometria.

We first reported the mRNA expression of the LSL genes (PODXL,
EMCN, CD300LG, GLYCAM1, and CD34) in human endometrium
throughout the menstrual cycles in women with myoma and in
menopausal women. Among the LSL genes, EMCN is the only one
that is significantly different between the proliferative and early-
secretory phases [21]. Interestingly, these LSL genes are the same
as those found in the HEVs of mouse lymph nodes in previous
studies [8,22e24]. LSLsmay serve as common adhesionmolecule in
the immune and reproductive systems in mammals [24].

As far as we know, this is the first study to examine the mRNA
expression patterns of LSL genes in adenomyotic endometria
throughout the menstrual cycle. The discoveries in our serial
studies suggest that LSL genes that translate the peptide compo-
nents of LSL molecules are relevant in the production and modifi-
cation of LSL molecules. Recent studies on endometriosis or
adenomyosis show that endometrial receptivity is affected by cell
adhesion molecules and their ligands, apoptosis, homeobox genes,
and the direct action of gonadotrophin-releasing hormone ana-
logues [25]. Moreover, impaired expressions of adhesion molecules
during the implantation window were observed in women with
adenomyosis and endometriosis [19,26,27]. Abnormal expression
of adhesion molecules, such as integrin and LSL in the endome-
trium of adenomyosis, may contribute to subfertility and infertility.

The mRNA expressions of the LSL genes revealed differential
patterns among phases. PODXL showed statistically significant dif-
ferences between the proliferative, early-secretory, and mid-
secretory phases, as well as between the late-, early-, and mid-
secretory phases (p < 0.05) (Fig. 4A). Moreover, PODXL had statis-
tically significant differences from EMCN and CD34 (p < 0.05)
(Fig. 4B). These results suggest that PODXL plays a relatively vital
role in the production of LSL in adenomyosis.

PODXL is a transmembrane sialomucin that is similar in struc-
ture to CD34 and belongs to the CD34 family of sialomucins. It has
previously been shown to be present in the foot processes of
podocytes in the kidney glomerulus, as well as the vascular endo-
thelium in other organs. It acts as an adhesionmolecule andmay be
important for LSL function [28]. PODXL plays an essential role in the
regulation of endothelial permeability by influencing the mecha-
nisms involved in restoring the integrity of the endothelial barrier
after injury [29]. In addition, Chen et al. reported that PODXL that is
likely derived from maternal endothelial cells is present in preg-
nant serum and is significantly increased in early onset pre-
eclampsia [30]. Recently, several studies reported that PODXL and
CD34 are markers of stem cells and are involved in differentiation
and migration in embryonic, cancer, and induced pluripotent stem
cells [31e36]. To date, the role of PODXL in endometrial receptivity
is unclear. Further studies should be conducted to examine the



Fig. 4A. The mRNA expression patterns of LSL genes in the four phases during the menstrual cycle in adenomyotic endometria. The mRNA expressions of LSL genes including PODXL,
EMCN, GLYCAM1, CD34 and CD300LG were different between phases. PODXL differed significantly between the proliferative, early-secretory, and mid-secretory phases. PODXL also
had significant differences between the late-secretory, early-secretory, and mid-secretory phases. *p < 0.05. Results are expressed as mean ± SE. P: proliferative phase; ES: early-
secretory phase; MS: mid-secretory phase; LS: late-secretory phase. LSL: L-selectin ligand.
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Fig. 4B. The mRNA expression patterns of LSL genes between the proliferative and mid-secretory phases in adenomyotic endometria. The mRNA expressions of LSL genes were all
higher in the mid-secretory phase than in the proliferative phase. PODXL was significantly different from EMCN and CD34 in the proliferative and mid-secretory phases (p < 0.05),
(A) and (B). LSL: L-selectin ligand.
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mechanism of local regulation on the expression of PODXL in
relation to endometrial receptivity in adenomyosis.

In addition, we compared the expression patterns of LSL genes
at different phases of the menstrual cycles between myotic and
adenomyotic endometria with the data presented in our previous
study [21]. We assumed that the LSL mRNA expression in meno-
pausal endometria was as basic expression dosages without sex
hormone stimulation. The relative fold changes of LSL mRNA
expression in myotic and adenomyotic endometria were divided by
those in menopausal endometria, which can represent the
expression patterns of LSL mRNAs in different phases during the
menstrual cycle induced by cyclic sex hormone stimulation. The
relative fold changes of EMCN in women with myoma are signifi-
cantly different between the proliferative and early-secretory
phases (p < 0.05). However, in women with adenomyosis, PODXL
showed statistically significant differences between the prolifera-
tive, early-secretory, and mid-secretory phases, as well as between
the late-, early-, and mid-secretory phases (p < 0.05). These find-
ings revealed that there are different mechanisms regulating the
gene expressions of LSL subtypes between myoma and adeno-
myosis in human endometrium throughout the menstrual cycle.
Fig. 5. The mRNA expression patterns of CHST2 and CHST4 in the phases during the menstr
different between phases. However, there was no significant difference between the phas
sulfotransferase 2; CHST4: the gene of carbohydrate sulfotransferase 4. P: proliferative phase
selectin ligand.
Our data showed that all LSL genes showed higher expression in
the mid-secretory phase than in the proliferative phase (Fig. 4B).
However, in the mid-secretory phase, there was no significant
decrease in the mRNA expressions of two sulfotransferase genes,
CHST2 and CSHT4, which are involved in the generation of LSL
epitopes and LSL activity (Fig. 5). These results suggest that the
decrease of LSL expression in the luminal epithelium in the mid-
secretory phase may be a key event in the impairment of endo-
metrial receptivity in adenomyosis.

It is reasonable to infer that decreased LSL expression in the
luminal epithelium may result from the impact of adenomyosis. A
series of metabolic and molecular abnormalities that increase
angiogenesis and proliferation and decrease apoptosis allow for the
local production of estrogens, create progesterone resistance, and
impair cytokine expression in the eutopic and ectopic endometria
of women with adenomyosis [3,37]. We speculate that abnormal
cytokines, chemokines, inflammatory factors, free radicals and
paracrines produced by adenomyotic lesions may affect LSL pro-
duction in the luminal and glandular epithelium of the endome-
trium. Further studies in vitro and in vivo are needed to elucidate
the possible mechanisms.
ual cycle in adenomyotic endometria. The mRNA expression of CHST2 and CHST4 were
es (A and B). Results are expressed as mean ± SE. CHST2: the gene of carbohydrate
; ES: early-secretory phase; MS: mid-secretory phase; LS: late-secretory phase. LSL: L-
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In humans, during a natural cycle, the embryo enters the uterine
cavity about 4e5 days after ovulation. The endometrium becomes
receptive to blastocyst implantation 6e8 days after ovulation and
remains receptive for 4 days (cycle days 20e24) [38,39]. The
duration of receptive endometrium for implantation coincides with
the mid-secretory phase. Several reports had mentioned that de-
fects in LSL expression during mid-secretory phase could lead to
implantation failure and early pregnancy loss [9,14,17,40]. In this
study, we found that LSL expression decreases in the luminal
epithelium of adenomyotic endometria in the mid-secretory phase.
Our findings showed that adenomyosis may cause abnormalities in
the production of LSL during the mid-secretory phase, which may
contribute to impaired endometrial receptivity and implantation
failure.

There are certain limitations in this study that need to be
addressed. The small number of samples could potentially limit the
power of the study. Furthermore, the heterogeneity of the samples
in each phase of the menstrual cycle could impact the results.
Finally, there are no normal endometrial samples available in each
phase as control to compare the differences with samples from
adenomyosis. It is very difficult to obtain endometrial samples from
healthy women. Moreover, endometrial biopsies from healthy
womenmay raise ethical concerns. Therefore, we used endometrial
samples collected from menopausal women who underwent hys-
terectomy as controls to compare the mRNA expressions of LSL
genes. This is the most feasible approach to obtaining human
endometrial tissue and has also been used in previous studies.

In conclusion, LSL expressions were downregulated in the
luminal epithelium of adenomyotic endometria in the mid-
secretory phase. The mRNA expressions of LSL genes also had dif-
ferential expression patterns throughout the menstrual cycle,
especially for PODXL. Our study showed that adenomyosis may
cause abnormalities of LSL production in the mid-secretory phase,
which may contribute to impaired endometrial receptivity and
implantation failure. Further studies in vitro and in vivo are required
to determine the mechanisms related to the decrease in LSL
expression in adenomyosis.
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