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Abstract

Endometriosis is a benign chronic disease characterized by the presence of tissue resembling the endometrium
outside the uterine cavity. The etiology of endometriosis appears to be polygenic and multifactorial, but
the exact pathogenic mechanisms are still unclear. In recent years, adult stem cells have been identified in
various human tissues including the endometrium, and these cells may be associated with the pathogenesis of
proliferative gynecological diseases such as endometriosis. The identification of adult stem/progenitor cells
(SPCs) in tissues is highly complex and can be inferred from the identification of undifferentiated cell markers.
This study investigated the expression of undifferentiated markers Musashi-1, Oct-4, and c-kit in eutopic
endometria of patients with and without endometriosis and endometriotic lesions using immunohistochemistry
(IHC) on a non-biotin polymer detection system. Four tissue specimens of normal endometrium and six samples
of eutopic and ectopic endometria from patients with endometriosis were evaluated. Categorical variables were
analyzed by the chi-square test and immunoreactivity scores (IRS) were tested using the Kruskal-Wallis test.
Musashi-1 protein expression presented as cytoplasmic or nuclear staining, Oct-4 staining was predominantly
nuclear, and c-kit protein expression presented as transmembrane and cytoplasmic staining. The three markers
were positively immunostained in all endometrial compartments evaluated (glandular epithelium, stroma,
and endothelium). The percentage of Musashi-1 expressing cells was significantly higher in the endothelium of
patients with endometriosis (p < 0.05). Musashi-1 and c-kit demonstrated staining of cell groups, which may
correspond to stem cell clusters. Overall, the three markers demonstrated high staining intensity and percentage.
c-kit expression was significantly higher in glandular epithelium than in the stromal compartment (p < 0.05),
and stromal IRS was significantly higher in eutopic endometrial samples from patients with endometriosis (p
< 0.05). In conclusion, putative endometrial SPCs may play a role in the physiopathology of endometriosis, not
only in the origin of ectopic implants, but also through involvement in neoangiogenesis.
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INTRODUCTION

Endometriosis is a benign chronic disease that is
characterized by the presence of glandular and/or
stromal tissue resembling the endometrium outside
the uterine cavity. The incidence of endometriosis
varies widely according to the study population,
affecting 5-15% of women of reproductive age and
approximately 35-50% of infertile patients and/
or patients with chronic pelvic pain (GAZVANI and
TEMPLETON, 2002; JENSEN et al.,, 2002; VINATIER et
al.,, 2001).

Even though it has been extensively studied, the
pathogenesis still poorly
understood, and a combination of several aberrant
biological processes may be involved (BULUN, 2009).
Evidence for the existence of adult stem/progenitor
cells (SPCs) in the human endometrium is now
emerging (GARGETT, 2007), suggesting that these cells
may be involved in the physiopathology of endometrial
proliferative disorders such as endometriosis (DU
and TAYLOR, 2007; GARGETT and MASUDA, 2010;
MARUYAMA et al.,, 2010; Oliveira et al.,, 2012). Studies

of endometriosis is
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with SPCs have generated great interest over the last
decade due to their potential therapeutic implications
(MIMEAULT and BATRA, 2008), and somatic SPCs have
been identified in various tissues and organs including
bone marrow, breast, prostate, brain, liver (LI and
CLEVERS, 2002), and, more recently, endometrium
(CHAN, SCHWAB, and GARGETT, 2004).

Despite the large number of studies on stem cells,
cell markers that are specific for adult SPCs have not
yet been identified. Thus, the identification of a panel
of molecular markers would be of great importance
for the characterization of adult quiescent SPCs.
However, to date, SPCs have been characterized
phenotypically by the expression of markers typical
of undifferentiated progenitor cell lineages and the
absence of markers of more differentiated cell types
(GRITTI, VESCOVI, and GALLI, 2002; SOUZA et al,
2003). The nuclear transcription factor Oct-4 (PESCE
and SCHOLER, 2001) and the stem cell factor receptor
c-kit (SOGO et al., 1997) are two cell markers widely
used in stem cell studies. Expression of the RNA-
binding protein Musashi-1, which is associated with
self-renewal of progenitor cells, has been detected in
neural SPCs, and this molecule may be a promising
marker of endometrial SPCs (GOTTE et al., 2008).

This study aimed to correlate the presence of
endometrial SPCs with the pathogenesis of
endometriosis by analyzing the expression of Oct-4,
c-kit, and Musashi-1 markers in ectopic endometria of
women with endometriosis and eutopic endometria
of women with and without endometriosis.

METHODS

This is a controlled cross-sectional study that included
eutopic endometrial samples from premenopausal
women who underwent hysterectomy for various
medical indications (n = 4), endometriotic tissue
samples (n = 6), and eutopic endometrial samples
from patients who underwent surgery for treatment
of deep infiltrating endometriosis with intestinal
involvement (n = 6) confirmed in the histopathological
study. The study was approved by the Research Ethics
Committee at Federal University of Minas Gerais
(COEP-UFMG), Belo Horizonte, Brazil, under protocol
number ETIC/0628.0.203.000-09. Patients with
polyps/endometrial hyperplasia and/or patients who
were under treatment for endometriosis or receiving
hormone suppression treatment in the previous six
months were not included in the study.

Tissue samples were fixed in 10% formalin and
embedded in paraffin blocks. Sections were incubated
at 56 °C for 24 h, deparaffinized in xylene, and
rehydrated in a decreasing ethanol series. Heat-
induced antigen retrieval was performed in a steamer
(98-100 °C) for 45 min to achieve optimal exposure of
the epitopes of interest in ethylenediaminetetraacetic
acid (EDTA) buffer (pH 8.0) for Oct-4 and c-kit and
citrate buffer (pH 6.0) for Musashi-1.

All immunohistochemistry steps were performed
using the Novolink™ nonbiotin polymer detection
system kit (Novocastra®, Newcastle Upon Tyne, UK).

Endogenous peroxidase activity was blocked with
peroxidase block for 5 min.

Sections were incubated for 5 min with protein block
to reduce background staining. Next, sections were
incubated with rabbit polyclonal primary antibody
(Abcam, Cambridge, UK) diluted 1:50 (Oct-4 and
c-kit) and 1:100 (Musashi-1). Following incubation
with the primary antibodies for 60 min at room
temperature in a moisture chamber, a post-primary
block was added for 5 min to enhance penetration of
the polymer reagent. Immunohistochemical reactions
were developed using 3,3’-diaminobenzidine (DAB)
and sections were counterstained with Harris’s
hematoxylin.

Human intestinal tissue sections were used as positive
controls for Musashi-1, Oct-4, and c-kit antibodies.
Two sections of eutopic endometrium from a healthy
patient were used as negative controls, which included
the omission of the primary antibody in one section
and incubation with rabbit normal serum (normal
rabbit IgG -0.1 mg/mL; Calbiochem, Darmstadt,
Germany) diluted 1:100 in the other section.

The slides were examined under an Olympus CX31
light microscope (Olympus, Tokyo, Japan) by two
independentobserversandthe medianscoresbetween
the two observers were considered. The percentage
of positive cells was estimated semiquantitatively
at 40x magnification. The stained sections were
scored for each marker evaluated according to
the immunoreactive score (IRS) (Remmele and
Stegner, 1987), which has been validated in human
endometrium for the Oct-4 antibody (BENTZ et al,
2010). The predominant cell staining pattern (nuclear,
transmembrane, and/or cytoplasmic), endometrial
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location (glandular epithelium, stroma, and vascular
endothelium), and immunostaining of cell clusters
were also evaluated.

Statistical analysis

Categorical variables were analyzed by the chi-
square test and corrected by the likelihood ratio test.
The immunoreactivity scores were tested using the
Kruskal-Wallis test, whereas nonparametric paired
samples were analyzed using the Wilcoxon test. The
significance level was set at p < 0.05.

RESULTS

Positive staining of Musashi-1 was found in the
cytoplasm and nucleus of 93.7% of samples, but not
in the cell membrane of any of the samples (Fig. [-A).
No staining of Oct-4 was found in the cell membrane,
little staining was found in the cytoplasm (6.7% of
samples), and the predominant staining pattern of

Oct-4 was nuclear (96.9%) (Fig. I-B). c-kit staining
was found in the membrane (43.0%) and cytoplasm
(75.0%), but not in the nucleus.

Musashi-1 demonstrated glandular and stromal
staining in a high percentage of samples (93.8%)
and endothelium staining in 50.0% of samples. Oct-4
staining signal was strong in glandular epithelium
(93.8%),moderateinstroma(75.0%),andintermediate
in vascular endothelium (46.2%). c-kit staining signal
was strong in glandular epithelium (81.3%), moderate
in stroma (43.8%), and only 6.7% of samples were
stained in vascular endothelium. Musashi-1 staining
was significantly higher in vascular endothelium
samples from the patients with endometriosis than
in normal and eutopic samples (p = 0.021) (Table 1).

Conversely, no significant differences in Oct-4 and
c-kit expression were observed across groups (p >
0.05, Table 1).

Figure L. Eutopic endometrial sample from a healthy patient (200x) showing the cell staining pattern of Musashi-1,

Oct-4, and c-kit antibodies. The arrow indicates the predominant immunostaining pattern for each antibody. (A)

Cytoplasmic and nuclear expression of Musashi-1 protein. (B) Predominantly nuclear expression of Oct-4. (C)
Cytoplasmic and transmembrane expression of c-kit protein.
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Tablel. Expression of Musashi-1, Oct-4, and c-kit proteins according to endometrial location and tissue type

(number of stained samples/total number of samples).

Protein/location Normal tissue Eutopic with endometriosis Lesion
Musashi-1
Glandular epithelium 4/4 5/6 6/6
Stroma 4/4 5/6 6/6
Vascular endothelium* 0/4 4/5 3/5
Oct-4
Glandular epithelium 4/4 6/6 5/6
Stroma 4/4 4/6 4/6
Vascular endothelium 3/4 2/4 1/5
c-kit
Glandular epithelium 4/4 4/6 5/6
Stroma 1/4 3/6 3/6
Vascular endothelium 0/4 1/5 0/6

*p < 0.05, Chi-square test.

Analysis of the pooled samples for Musashi-1 staining
showed a moderate percentage of stained cells and
staining intensity, and no significant difference in
staining intensity was observed between glandular
and stromal compartments. Additionally, there
were no significant differences in immunostaining
percentage, intensity, and IRS for Musashi-1 across
sampling groups/tissue types.

Analysis of the pooled samples for Oct-4 expression

showed a high proportion of stained cells (> 80%) and
high staining intensity (moderate and strong) (Fig.
II), resulting in high IRS for all samples. In addition,
no significant difference in IRS between glandular
and stromal compartments was observed for Oct-4
(pooled samples). Similarly, there were no significant
differences in immunostaining percentage, intensity,
and IRS for Oct-4 across sampling groups/tissue

types.
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Figure II. (A) Endometrial sample from a healthy patient showing strong glandular and stromal staining. (B)

Eutopic endometrial sample from a patient with endometriosis showing strong staining. Stained endothelial

cells. (C and D) Endometriotic lesions with strong and moderate immunostaining. Transition zone between the
endometriotic lesion and normal tissue. (E) Positive control. (F) Negative control. (200x - Oct-4).
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Analysis of the pooled samples for c-kit staining
showed heterogeneity in the percentage of stained
cells (10-50%) and intensity ranging from weak
to moderate staining. The comparison between
glandular and stromal compartments for c-kit staining
(immunoreactive scores) showed that protein
expression was significantly higher in the epithelial

compartment than in the stromal compartment (Fig III).

Additionally, stromal IRS was significantly higher
in eutopic endometrial samples than in normal and
lesion samples (p < 0.05). Conversely, no significant
differences in total and glandular IRS were observed
for c-kit staining across sampling groups/tissue types
(Fig. IV).
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Figure IIL. Glandular and stromal immunoreactive scores (IRS) for c-kit staining (pooled samples, p < 0.05).
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Figure IV. Immunoreactive scores (IRS) for c-kit staining between sampling groups. (A) Total IRS, (B) glandular
epithelium IRS, and (C) stromal IRS.

Clustered staining was observed only for Musashi-1 and c-kit.
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DISCUSSION

In this study, we show that the pattern of cellular
expression of the three markers evaluated (Musashi-1,
Oct-4, and c-kit) was partially consistent with their
known cellularlocations. Musashi-1proteinexpression
presented as cytoplasmic or nuclear staining, a similar
pattern to the one described by Gotte et al. (2008).
Because Oct-4 is a transcription factor, its pattern of
cellular expression was, as expected, predominantly
nuclear (96.7% of samples). Conversely, c-kit protein
expression presented as transmembrane and
cytoplasmic staining, but no nuclear staining was
observed, and these results are consistent with the
known function of c-kit as a transmembrane tyrosine-
kinase receptor (SOGO et al., 1997).

The three markers were positively immunostained in
all endometrial compartments evaluated (glandular
epithelium, stroma, and endothelium). A similar
staining proportion was observed between glandular
epithelium and endometrial stroma for Musashi-1
and Oct-4, but staining was predominantly epithelial
for c-kit.

Staining positivity for Musashi-1 was higher in samples
of endometriotic lesions than in samples of eutopic
endometrium with and without endometriosis,
suggesting a possible correlation between SPCs and
neoangiogenesis. Even though Gotte et al. (2008) did
not examine the vascular compartment, Musashi-1
expression was significantly higher in the stroma of
endometriotic lesions than in normal endometrium.
Similarly to our findings, the authors of that study
also found strong staining in cell groups, which may
correspond to SPC clusters.

Oct-4 was not differentially expressed in endometrial
compartments across sampling groups/sample types.
Similar results were reported by Matthai et al. (2006),
who detected Oct-4 expression in all endometrium
samples using reverse transcriptase polymerase chain
reaction (RT-PCR), buta variable pattern of expression
using immunohistochemistry (IHC). Moreover, Oct-4
demonstrated expression in epithelial cells of eutopic
endometrium and ectopic epithelial cells of stage IV
endometriotic lesions, and protein expression was
significantly higher in the latter (Sbracia et al., 2007).
Bentz et al. (2010) investigated Oct-4 expression
using RT-PCR and IHC in the different phases of
the menstrual cycle and found that Oct-4 was not

differentially expressed in follicular and lutheal phase
endometrium.

The expression of c-kit was predominantly
glandular, but the protein was also expressed in the
stromal compartment, and, rarely, in the vascular
endothelium.

Additionally, in endometrial stroma, c-Kit expression
was significantly higher in samples of eutopic
endometrium from patients with endometriosis
than in samples from normal endometrium and
endometriotic lesions. Nevertheless, evidence of
c-kit expression in the endometrium is conflicting.
For instance, Lammie et al. (1994) found no evidence
of c-kit expression in the endometrium. Conversely,
Elmore et al. (2001) reported that 93% of benign
proliferative glandular endometrial samples and 79%
of secretory endometria immunostained positively
for c-kit. Later, Cho et al. (2004) reported that c-kit
was not detected in the fetal endometrium, but it
was prominently expressed in the stroma and basalis
glands in all other lifetime endometrium samples.

Osuga et al. (2000) investigated the expression of
c-kit in peritoneal fluid of women with and without
endometriosis and suggested that SPCs may play a role
in the pathogenesis of endometriosis. Moreover, Uzan
et al. (2005) suggested that the higher expression of
c-kit in deep endometriosis indicates that SPCs are
involved in the pathogenesis of endometriosis, and
similar findings were also reported by Sbracia et al.
(2007).

The three markers evaluated in our study showed
high staining intensity and percentage for candidate
SPC markers. Based on the results of other assays
for SPCs such as clonogenic assays (CHAN, SCHWAB,
and GARGETT, 2004), the expected expression for
Musashi-1 should be lower than was observed in
our study, whereas our findings for Oct-4 and c-kit
expression are consistent with other studies (Sbracia
et al, 2007; Bentz, 2010; Elmore et al,, 2001). Taken
together, these results suggest that Musashi-1, Oct-4,
and c-kit have low specificity for the identification of
SPCs and may be expressed in cells other than SPCs.
Thus, novel molecules that have greater specificity for
undifferentiated cells and are validated by other trials
must be identified in future studies.

In conclusion, our results suggest a possible role for
putative endometrial SPCs in the physiopathology of
endometriosis, because the proportion of stained cells
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with undifferentiated markers was equal to or greater
than in specimens from patients with endometriosis.
The higher staining intensity for Musashi-1 in the
vascular endothelium compartment of endometriotic
lesions may be related to the angiogenesis of
endometriosis, and the high percentage of c-kit-
expressing cells in eutopic endometrial samples from
patients with endometriosis may represent further
evidence for the participation of reflowed SPCs in the
origin of ectopic endometrial implants.

ACKWODGEMENT

Research supported by and Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (CNPq)
through the National Institute of Hormones and
Women'’s Health.

REFERENCES

[1] BENTZ, EK. et al. OCT-4 expression in follicular
and luteal phase endometrium: a pilot study.
Reprod Biol Endocrinol, v. 8, n. 1, p. 38, Apr. 22,
2010.

[2] BULUN, S.E. Endometriosis. N Engl ] Med, v. 360,
n. 3, p. 268-79, Jan. 15, 2009.

[3] CERVELLO,I.etal.Identification, characterization
and co-localization of labelretaining cell
population in mouse endometrium with typical
undifferentiated markers. Hum Reprod, v. 22, n.
1, p. 45-51, 2007.

[4] CERVELLO, I; SIMON, C. Somatic stem cells in the
endometrium. Reprod Sci, v. 16, n. 2, p. 200-205,
2009.

[5] CHAN,R.W, GARGETT, C.E. Identification of label-
retaining cells in mouse endometrium. Stem
Cells, v. 24, n. 6, p. 1529-1538, 2006.

[6] CHAN, RW,; SCHWAB, KE.; GARGETT, C.E.
Clonogenicity of human endometrial epithelial
and stromal cells. Biol Reprod, v. 70, n. 6, p. 1738-
1750, 2004.

[7] CHO, N.H. et al. Lifetime expression of stem cell
markers in the uterine endometrium. Fertil Steril,
v. 81, n. 2, p.403-407, 2004.

[8] CHRISTODOULAKOS, G. et al. Pathogenesis
of endometriosis: the role of defective
immunosurveillance. Eur ] Contracept Reprod
Health Care, v. 12, n. 3, p. 194-202, 2007.

[9] COBELLIS L. et al. The pattern of expression
of Notch protein members in normal and
pathological endometrium. ] Anat, v. 213, n. 4, p.
464-72, Oct. 2008.

[10] CRAMER, D.W.etal. The relation of endometriosis
to menstrual characteristics, smoking, and
exercise. JAMA, v. 255, n. 14, p. 1904-8, Apr. 11,
1986.

[11] DAKO EDUCATION GUIDE.Immunohistochemical
Staining Methods. 2006. 4. ed., Disponivel em:
pri.dako.com/08002_25may06_ihc_guide_book.
pdf. Acesso em julho de 2010.

[12] DARROW,S.L.etal. Menstrual cycle characteristics
and the risk of endometriosis. Epidemiology, v. 4,
n. 2, p. 135-42, Mar. 1993.

[13] DEB, K.D. et al. Embryonic stem cells: from
markers to market. Rejuvenation Res, v. 11, n. 1,
p- 19-37, Feb. 2008.

[14] DIAS JR,, J.A. et al. Endometriose: a importancia
da classificacdo histolégica. Cap. 4. In: ABRAO,
M.S. Atlas de cirurgia ginecolégica. Sao Paulo:
Planmark, 2006.

[15] DU, H. ; TAYLOR, H.S. Contribution of bone
marrow-derived stem cells to endometrium and
endometriosis. Stem Cells, v. 25, n. 8, p. 2082-
2086, 2007.

[16] DU, H. ; TAYLOR, H.S. Stem cells and female
reproduction. Reprod Sci, v. 16, n. 2, p. 126-139,
20009.

[17] ELMORE, L.W. et al. Expression of c-kit (CD117)
in benign and malignant human endometrial
epithelium. Arch Pathol Lab Med, v. 125, n. 1, p.
146-51, Jan 2001.

[18] FORTE, A. et al. Expression pattern of stemness-
related genes in human endometrial and
endometriotic tissues. Mol Med, v. 15, n. 11-12,
p-392-401, 2009.

[19] FRASER, LS. Recognising, understanding and
managing endometriosis. ] Hum Reprod Sci, v. 1,
n. 2, p. 56-64, Jul. 2008.

[20] GARGETT, C.E.; MASUDA, H. Adult stem cells
in the endometrium. Mol Hum Reprod, Jul. 13,
2010.

[21] GARGETT, C.E. Stem cells in gynaecology. Aust N
Z ] Obstet Gynaecol, v. 44, n. 5, p. 380-386, 2004.

Archives of Reproductive Medicine and Sexual Health V1.12.2018 42



Undifferentiated Cell Markers in the Endometrium of Women with Endometriosis

[22] GARGETT, C.E. Uterine stem cells: what is the
evidence? Hum Reprod Update, v.13, n. 1, p. 87-
101, 2007.

[23] GAZVANI, R,; TEMPLETON, A. New considerations
for the pathogenesis of endometriosis. Int ]
Gynaecol Obstet, v. 76, n. 2, p. 117-26, Feb. 2002.

[24] GOODELL, M.A. et al. Isolation and functional
properties of murine hematopoietic stem cells
that are replicating in vivo. ] Exp Med, v. 183, n. 4,
p-1797-806, 1996.

[25] GOTTE, M. et al. Increased expression of the adult
stem cell marker Musashi-1 in endometriosis
and endometrial carcinoma. ] Pathol, v. 215, n. 3,
p.317-29, 2008.

[26] GRITTI, A.; VESCOVI, A.L.; GALLI, R. Adult
neural stem cells: plasticity and developmental
potential. ] Physiol Paris, v. 96, n. 1-2, p. 81-90,
Jan.-Mar., 2002.

[27] GRUENWALD, P. Origin of endometriosis from the
mesenchyme of the coelomic walls. Am ] Obstet
Gynecol, v. 44, p. 470-4, 1942.

[28] GRUMMER, R. Animal models in endometriosis
research. Hum Reprod Update, v. 12, n. 5, p.
641-9, Sep-Oct., 2006.

[29] GRUPPO  ITALIANO PER LO  STUDIO
DELLENDOMETRIOSI. Prevalence and
anatomical distribution of endometriosis in
women with selected gynaecological conditions:
results from a multicentric Italian study. Hum
Reprod, v.9, n. 6, p. 1158-62, Jun. 1994.

[30] HALME, ]. et al. Retrograde menstruation
in healthy women and in patients with
endometriosis. Obstet Gynecol, v. 64, n. 2, p.
151-4, Aug. 1984. HIRSCHMANN-JAX, C. et al.
A distinct “side population” of cells with high
drugefflux capacity in human tumor cells. Proc
Natl Acad Sci USA, v. 28, 101, n. 39, p.14228-33,
2004.

[31] HONORE, G.M. Extrapelvicendometriosis. Clin
Obstet Gynecol, v. 42, n. 3, p. 699-711, Sep. 1999.

[32] HOUSTON, D.E. et al. The epidemiology of pelvic
endometriosis. Clin Obstet Gynecol, v. 31, n. 4, p.
787-800, Dec. 1988.

[33] HOUSTON, D.E. Evidence for the risk of pelvic
endometriosis by age, race and socioeconomic
status. Epidemiol Rev, v. 6, p. 167-91, 1984.

[34] IKEGAMI, Y. et al. Serum-independent cardio
myogenic trans differentiation in human
endometrium-derived mesenchymal cells. Artif
Organs, v. 34, n. 4, p. 280-8, Apr. 2010.

[35] JENSEN, J.R. et al. A potential role for colony-
stimulating factor 1 in the genesis of the early
endometriotic lesion. Fertil Steril, v. 93, n. 1, p.
251-6, Jan. 2010.

[36] JOSEPH, N.M.; MORRISON, S.J. Toward an
understanding of the physiological function of
Mammalian stem cells. Dev Cell, v. 9, n. 2, p. 173-
83, Aug. 2005.

[37] KATO, K. etal. Characterization of side-population
cells in human normal endometrium. Hum
Reprod, v. 22, n. 5, p.1214-23, 2007.

[38] KIM, ].Y,; TAVARE, S.; SHIBATA, D. Counting human
somatic cell replications: methylation mirrors
endometrial stem cell divisions. Proc Natl Acad
Sci USA, v.102, n. 49, p. 17739-44, Dec. 6, 2005.

[39] LAMMIE, A. etal. Expression of c-kit and kit ligand
proteins in normal human tissues. ] Histochem
Cytochem, v. 42, n. 11, p. 1417-1425, Nov. 1994.

[40] LEYENDECKER, G, WILDT, L, MALL G.
The pathophysiology of endometriosis and
adenomyosis: tissue injury and repair. Arch
Gynecol Obstet, v. 280, n. 4, p. 529-38, Oct. 2009.

[41] LI, L.; CLEVERS, H. Coexistence of quiescent and
active adult stem cells in mammals. Science, v.
327,n.5965, p. 542-5, Jan. 29, 2002.

[42] LYMAN, S.D.;JACOBSEN, S.E. c-kit ligand and
FIt3 ligand: stem/progenitor cell factors with

overlapping yet distinct activities. Blood, v. 91, n.
4,p.1101-34, Feb. 15, 1998.

[43] MARTIN ]JR., ].D.; HAUCK, A.E. Endometriosis
in the male. Am Surg, v. 51, n. 7, p. 426-30, Jul.
1985.

[44] MARUYAMA, T. et al. Human uterine stem/
progenitor cells: their possible role in uterine
physiology and pathology. Reproduction, v. 140,
n.1,p.11-22,Jul. 2010.

[45] MARUYAMA, T. Stem/progenitor cells and the
renegation potentials in the human uterus.
Reprod Med Biol, v. 9, p. 9-16, 2010.

[46] MASUDA, H. et al. Noninvasive and real-time
assessment of reconstructed functional human

43 Archives of Reproductive Medicine and Sexual Health V1.12.2018



Undifferentiated Cell Markers in the Endometrium of Women with Endometriosis

endometrium in NOD/SCID/gamma c(null)
immunodeficient mice. Proc Natl Acad Sci USA, v.
104, n. 6, p. 1925-30, Feb., 6, 2007.

[47] MASUDA, H. et al. Stemcell-like properties of
the endometrial sidepopulation: implication in
endometrial regeneration. PLoS One, v. 5, n. 4, p.
€10387, Apr, 28, 2010.

[48] MATSUURA, K. et al. Coelomic metaplasia theory
of endometriosis: evidence from in vivo studies
and an in vitro experimental model. Gynecol
Obstet Invest, v. 47 Suppl 1, p. 18-20; discussion
20-2,1999.

[49] MATTHAI, C. et al. Oct-4 expression in human
endometrium. Mol Hum Reprod, v. 12, n. 1, p.
7-10, Jan. 2006.

[50] MIMEAULT, M.; BATRA, S.K. Recent progress on
tissue-resident adult stem cell biology and their
therapeutic implications. Stem Cell Rev, v. 4, n. 1,
p- 27, Spring, 2008.

[51] MINTS, M.et al. Endometrial endothelial cells are
derived from donor stem cells in a bone marrow
transplant recipient. Hum Reprod, v. 23, n. 1, p.
139-43, Jan. 2008.

[52] MISSMER, S.A.;CRAMER, D.W. The epidemiology
of endometriosis. Obstet Gynecol Clin North Am,
v. 30, n. 1, p. 1-19, vii, Mar. 2003.

[53] MORSCH, D.M.et al. c-fos gene and protein
expression in pelvic endometriosis: a local
marker of estrogen action. ] Mol Histol, v. 40, n. 1,
p. 53-8, Feb. 2009.

[54] NEME, R.M. et al. Epidemiological study on risk
factors of pelvic endometriosis in Brazil. Fertil
Steril, v. 77, n. 2, p. Supl.1, p. S37, 2002.

[55] Oliveira FR, Dela Cruz C, Del Puerto HL, Vilamil
QT, Reis FM, Camargos AF. Stem cells: are
they the answer to the puzzling etiology of
endometriosis? Histol Histopathol. 2012 Jan;
27(1): 23-9. Review.

[56] OKANO H. et al. Function of RNA-binding protein
Musashi-1 in stem cells. Exp Cell Res. v. 306, n. 2,
p- 349-56, Jun. 2005.

[57] OSUGA, Y. et al. Stem cell factor (SCF)
concentrations in peritoneal fluid of women with
or without endometriosis. Am ] Reprod Immunol,
v. 44, n. 4, p. 231-5, Oct. 2000.

[58] PADYKULA, H.A. Regeneration in the primate
uterus: the role of stem cells. Ann NY Acad Sci, v.
622, p.47-56,1991.

[59] PESCE, M.; SCHOLER, H.R. Oct-4: gatekeeper
in the beginnings of mammalian development.
Stem Cells, v. 19, n. 4, p. 271-8, 2001.

[60] PINKERT, T.C,;CATLOW, C.E; STRAUS, R.
Endometriosis of the urinary bladder in a man
with prostatic carcinoma. Cancer, v. 43, n. 4, p.
1562-7, Apr. 1979.

[61] RAMOS-VARA, J.A.; MILLER, M.A. Comparison
of two polymer-based immunohistochemical
detection systems: envision+ and immpress. ]
Microsc, v. 224, n. Pt 2, p. 135-9, Nov. 2006.

[62] RAMOS-VARA, J.A. Technical aspects of
immunohistochemistry. Vet Pathol, v. 42, p. 405-
426, 2005.

[63] REMMELE, W,; STEGNER, H.E. Recommendation
for uniform definition of an immunoreactive
score (IRS) for immunohistochemical estrogen
receptor detection (ER-ICA) in breast cancer
tissue. Pathologe, v. 8, n. 3, p. 138-40, May, 1987.

[64] RO, S.; RANNALA, B. Methylation patterns and
mathematical models reveal dynamics of stem
cell turnover in the human colon. Proc Natl Acad
Sci USA, v. 98, n. 19, p. 10519-21, Sep. 11, 2001.

[65] SAMPSON, J.A. Heterotopic or misplaced
endometrial tissue. Am ] Obstet Gynecol, v. 10, p.
649-664, 1925.

[66] SAMPSON, J.A. Metastatic or embolic
endometriosis, due to the menstrual
dissemination of endometrial tissue into the
venous circulation. Am | Pathol, v. 3, n. 2, p. 93-
110.43, Mar. 1927.

[67] SAMPSON,].A.Ovarianhematomasofendometrial
type (perforating hemorrhagic cysts of the ovary)
and implantation adenomas of endometrial type.
Boston Med Surg ], v. 186, p. 445, 1922,

[68] SASSON, LE.; TAYLOR, H.S. Stem cells and the
pathogenesis of endometriosis. Ann N Y Acad Sci,
v. 1127, p. 106-15, Apr. 2008.

[69] SBRACIA, M. et al. Arduini Stem cell antigens in
ectopic epithelial cells of endometriotic lesions:
is endometriosis a disease originated from stem
cells? Fertil Steril, v. 88, Suppl. 1, p. S61, Sep.
2007.

Archives of Reproductive Medicine and Sexual Health V1.12.2018 44



Undifferentiated Cell Markers in the Endometrium of Women with Endometriosis

[70] SCHWAB, KE.; CHAN, RW, GARGETT, C.E.
Putative stem cell activity of human endometrial
epithelial and stromal cells during the menstrual
cycle. Fertil Steril, v. 84, Suppl. 2, p. 1124-30, Oct.
2005.

[71] SCHWAB,K.E.; GARGETT,C.E.Co-expressionoftwo
perivascular cell markers isolates mesenchymal
stem-like cells from human endometrium. Hum
Reprod, v. 22, n. 11, p. 2903-11, Nov. 2007.

[72] SIGNORELLO, L.B. et al. Epidemiologic
determinants of endometriosis: a hospitalbased
case-control study. Ann Epidemiol, v. 7, n. 4, p.
267-741, May. 1997.

[73] SIMPSON, ].L. et al. Heritable aspects of
endometriosis. I. Genetic studies. Am ] Obstet
Gynecol, v. 137, n. 3, p. 327-31, Jun. 1, 1980.

[74] SOGO, S.et al. Induction of c-kit molecules
on human CD34+/c-kit < low cells: evidence
for CD34+/c-kit < low cells as primitive
hematopoietic stem cells. Stem Cells, v. 15, n. 6,
p. 420-9, 1997.

[75] SOUZA, VE et al. Células-tronco: uma breve
revisdo. Rev Cién Méd Biol, v. 2, p. 251-56, 2003.
TAYLOR, H.S. Endometrial cells derived from
donor stem cells in bone marrow transplant
recipients. JAMA, v. 292, n. 1, p. 81-5, Jul. 2004.

[76] TEMPFER, C.B. et al. Functional genetic
polymorphisms reproductive
disorders: part Il--endometriosis. Hum Reprod

Update, v. 15, n. 1,p. 97-118, Jan.-Feb., 2009.

and female

[77] TRELOAR, S.A. et al. Genetic influences on
endometriosis in an Australian twin sample.
Fertil Steril, v. 71, n. 4, p. 701-10, Apr. 2009.

[78] UZAN, C. et al. Endometrium from women with
and without endometriosis, and peritoneal,
ovarian and bowel endometriosis, show different
c-kit protein expression. ] Reprod Immunol, v. 65,
n. 1, p. 55-63, Feb. 2005.

[79] VAN 0OS, R.; KAMMINGA, L.M.; DE HAAN, G. Stem
cell assays: something old, something new,
something borrowed. Stem Cells, v. 22, n. 7, p.
1181-90, 2004.

[80] VIGANO, P. et al. Endometriosis: epidemiology
and aetiological factors. Best Pract Res Clin Obstet
Gynaecol, v. 18, n. 2, p. 177-200, Apr. 2004.

[81] VINATIER, D. et al. Theories of endometriosis.
Eur | Obstet Gynecol Reprod Biol, v. 96, n. 1, p.
21-34, May 2001.

[82] VON RECKLINGHAUSEN, F. Adenomyomas and
cystadenomas of the wall of the uterus and tube
their origin as remnants of the wolffian body.
Wien Klin Wochenschr, v. 8, p. 530, 1896.

[83] VOSSE, B.A. et al. Background staining of
visualization systems in immunohistochemistry:
comparison of the Avidin-Biotin Complex system
andtheEnVision+system.ApplImmunohistochem
Mol Morphol, v. 15, n. 1, p. 103-7, Mar. 2007.

[84] WOLFF, E.E. et al. Demonstration of multipotent
stem cells in the adult human endometrium by
in vitro chondrogenesis. Reprod Sci, v. 14, n. 6, p.
524-33, Sep. 2007.

Citation: Oliveira FR, Dela Cruz C, Del Puerto HL, Silva AC, Abrao MS, Reis FM, Camargos AF. Undifferen-
tiated Cell Markers in the Endometrium of Women with Endometriosis. Archives of Reproductive Medicine and

Sexual Health . 2018; 1(2): 36-45.

Copyright: © 2018 Oliveira FR, Dela Cruz C, Del Puerto HL, Silva AC, Abrdao MS, Reis FM, Camargos
AF. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

45 Archives of Reproductive Medicine and Sexual Health V1.12.2018



