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Abstract Tyrosine kinase receptor B (TrkB) gene
expression, a neurotrophic factor receptor expressed in the
brain and ovary, has recently been identified in deep
infiltrating endometriosis by gene array. TrkB is thought to
be important in resistance to anchorage independent
apoptosis (ANOIKIS) and thus could be important in the
pathogenesis of endometriosis. However, TrkB protein
expression in the eutopic endometrium of women with and
without endometriosis is unknown. Therefore, we exam-
ined TrKB protein expression in the endometrium by
Western blot (n = 50) and immunohistochemistry (n = 17).
Immunoblots of endometrial biopsies were prepared from
women with endometriosis (n = 21) vs. healthy controls
(n =29) undergoing benign gynecological surgery at
McMaster University Medical Centre. TrkB protein
expression was significantly higher in immunoblots from
women with endometriosis compared to women without
endometriosis. In samples of archived paraffin-embedded
endometrial tissue TrkB was localized to the cytoplasm of
epithelial cells of the eutopic endometrium from women
with endometriosis (n = 7) and without endometriosis
(n = 10). We conclude that TrkB protein is expressed in
human endometrium. Our results also suggest that TrkB
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expression may be greater in women with endometriosis
compared to women without endometriosis.
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Introduction

Endometriosis is an estrogen-dependent disease character-
ized by the growth of endometrial stromal cells and glands
outside of the uterine cavity. Between 1 and 7% of women
in the general population [1] and up to 30% of women
undergoing laparoscopy for chronic pelvic pain are diag-
nosed with endometriosis [2]. Although the cause of
endometriosis remains an enigma, retrograde menstruation
of shed endometrial cells and tissue fragments is thought to
be central to the development of this disease [3]. However,
regurgitation of menstrual effluent occurs to some degree
in all women of which only a fraction develop endome-
triosis. Hence, factors other than access of endometrial
contents to the pelvis via retrograde menstruation are
thought to contribute to the pathogenesis of this disease.
However, the critical event(s) or biochemical change(s)
that ultimately lead to the establishment of endometriosis
remains unknown.

Although an estrogen-dependent disease, endometriosis
is undoubtedly multifactorial in origin involving features of
immune modulation [4], adhesion [5. 6], angiogenesis [7-10],
invasion, proliferation, and decreased apoptosis [11-15].
Several distinct lines of evidence suggest that endometrial
cells destined to become endometriotic implants are
biochemically and functionally distinct from eutopic
endometrium of women without endometriosis. For exam-
ple, endometrial cells from women with endometriosis
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survived transplantation in athymic nude mice for months,
whereas normal proliferative endometrium from women
without disease did not implant and proliferate [16]. Fur-
thermore, the endometrium of women with endometriosis
aberrantly expresses cell adhesion molecules such as inte-
grins [17-20] and cadherins [21]. Dysregulation of the
endometrial growth inhibitory factor interleukin-6 and its
soluble receptor has been identified in ectopic endometrium
[22]. Moreover, aromatase is expressed in eutopic and ec-
topic endometrium from women with endometriosis but not
in endometrium from women without disease, thus pro-
viding a mechanism by which the ectopic endometrium can
synthesize its own estrogen to promote implant survival
[23]. We further suggest that an imbalance between pro-
liferation and apoptosis signals in the endometrium of wo-
men with endometriosis is potentially important in the
development of this disease. Of note, in women with
endometriosis, menstruated endometrial cells and tissue
fragments resist degradation [24, 25]. Moreover, compared
to women without endometriosis, rates of apoptosis are also
lower in the eutopic endometrium [13-15, 26, 27]. Differ-
ences in the expression of Bcl-2 (pro-survival) and Bax
(apoptotic signal) in the endometrium of women with
endometriosis compared to healthy controls has been doc-
umented [27]. However, no differences in either the amount
of apoptosis or Bcl-2 levels between the endometrium of
women with and without endometriosis has been reported
[28]. The mechanisms regulating apoptosis or promoting
cell survival in the endometrium are not known. We pro-
pose that the neurotrophin family and their respective
receptor tyrosine kinases could be important in endome-
trial-cell survival [29] and pain perception [30].

The tyrosine receptor kinases (TrkA, TrkB, and TrkC)
are the functional receptors for neurotrophins. Specifically,
TrkA is the receptor for nerve growth factor (NGF),
whereas brain-derived neurotrophic factor (BDNF) and
neurotrophin-4/5 (NT-4/5) are the ligands for TrkB, and
neurotrophin-3 (NT-3) binds with TrkC. Of the tyrosine
receptor kinases, TrkB is a neurotrophic receptor best
known for its role in the nervous system where it regulates
cellular proliferation, differentiation and survival [31].
Moreover, TrkB expression in epithelial cancer cells was
shown to be obligatory for matrix-free escape from cas-
pase-associated apoptosis [29]. Aberrant tyrosine receptor
kinase gene expression has been described for the endo-
metrium of women with endometriosis [30, 32] but not
ovarian endometriosis [32]. Therefore, we propose that
TrkB expression could be important in the survival of
regurgitated endometrial cells and tissue fragments and
thus its expression may promote the development of
endometriosis. TrkB is expressed in many tissues
throughout the human body including the ovary [33-35].
While increased TrkB expression has been documented in

epithelial cells of deep infiltrating endometriosis [30, 32],
gene array studies are viewed by some as sophisticated
hypothesis generating experiments involving complicated
analyses and frequently poor reproducibility. Specific
limitations of gene array studies include the lack of spec-
ificity in gene expression, insight to the mechanisms reg-
ulating gene expression, and inability of the technique to
demonstrate that gene transcription is correlated with an
increase in translation to functional protein. Thus changes
in gene expression demonstrated by gene array techniques
may not predict increased protein expression in target tis-
sues. Therefore, the objective of the present study was to
investigate the expression of TrkB protein in archived
paraffin-embedded endometrial tissue samples from wo-
men with and without endometriosis. In addition, immu-
noblots prepared from eutopic endometrium of women
with and without endometriosis were studied for differ-
ences in TrkB expression.

Results

To examine TrkB protein expression in the endometrium of
women with and without endometriosis ethics approval
was obtained from the Faculty of Health Sciences Research
Ethics Board at McMaster University to collect archived
endometrial tissue for immunohistochemistry. Immuno-
histochemical localization of TrkB expression was inves-
tigated in archived paraffin-embedded endometrial tissue
samples from women with and without endometriosis.
Endometrial samples from both the proliferative and
secretory phases of women with a diagnosis of endome-
triosis as well as healthy controls were evaluated (Fig. 1).
TrkB protein expression was evident as a brown flocculent
precipitate in the cytoplasm of glandular epithelial cells in
both cycle phases of women with and without endometri-
osis (Fig. 1). While the majority of glands had staining in
all cells, some tissues had glands in which 50% or fewer
cells stained positively for TrkB. Although there was a
trend for increased numbers of TrkB positive cells in the
endometrium of women with endometriosis in the secre-
tory phase, no significant difference in the H-score was
found across the menstrual cycle (Table 1). Specifically,
comparison of H-score values for cycle stage (P = 0.18),
endometriosis diagnosis (P = 0.56), or for interaction be-
tween stage and diagnosis (P = 0.29) failed to reveal a
significant difference.

TrkB protein expression was further examined by
Western blot in endometrial samples collected from a
second group of women (rn = 50). Specifically, endometrial
samples were collected from women between the ages of
18 and 45 undergoing hysterectomy for benign gyneco-
logical reasons. Two distinct immunoreactive TrkB bands
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Negative Control

Proliferative

Fig. 1 Archived paraffin-embedded samples from eutopic endome-
trium collected from the proliferative and secretory phases of the
menstrual cycle of reproductively aged women with and without
endometriosis. Sections were incubated overnight at 4°C with
polyclonal rabbit anti-human TrkB antibody (sc-8316; Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA) diluted 1:100 (2 pg/mL)
in PBS with 1% BSA. Negative controls were incubated with non-

Table 1 Mean H-scores for TrkB protein expression in eutopic
endometrium over the menstrual cycle in women with and without
endometriosis. No significant difference was observed upon compar-

No Endometriosis

immune rabbit IgG; serum (1:100). TrkB protein was localized by
diaminobenzidine as the chromagen which appeared as a flocculent
brown precipitate in the cytoplasm of epithelial cells (arrows) of
endometrial glands (G) but not the stroma (S). Insert demonstrates the
cytoplasm specific localization of TrkB in epithelial glands of the
endometrium

ison of H-score values for cycle stage (P = 0.18), endometriosis
diagnosis (P = 0.56), or for interaction between stage and diagnosis
(P =0.29) by 2-way ANOVA

Cycle stage N Endometriosis Dx H-Score
Proliferative 4 No 1.3+0.1
Proliferative 4 Yes 12 £0.1
Secretory 6 No 14 +0.1
Secretory 3 Yes 1.6 £ 0.3

were found on the immunoblots corresponding to the full-
length receptor (TrkB-FL; 145 kD) and the other repre-
sentative of the truncated isoforms (TrkB-T1 and T-shc;
95 kD). TrkB protein was abundantly expressed in endo-
metrial biopsies of women with endometriosis (P < 0.05)
compared to samples from a reference population without
endometriosis (Fig. 2). Interestingly, TrkB protein levels in
samples from women with menorrhagia (n = 6) with no
evidence endometriosis were comparable to those of
women with the disease (Fig. 2).

Discussion

Endometriosis is an estrogen-dependent disease that is
thought to arise from retrograde menstruation of endome-
trial tissue. However, it is unclear why some women with
retrograde menstruation develop endometriosis, whereas
others do not. Results of the present study demonstrate that

TrkB, a neurotrophin receptor important in regulating
resistance to ANOIKIS, attachment-free cell survival, is
expressed in the endometrium. Specifically, immunohisto-
chemical analysis of archived paraffin-embedded endo-
metrial tissue samples revealed TrkB protein in the
cytoplasm of endometrial epithelial and, to a lesser extent,
stromal cells. Moreover, TrkB protein was expressed at
higher levels in the endometrium of women with
endometriosis compared to women without endometriosis.
Indeed in women without endometriosis TrkB protein
expression was either not detectable or expressed at lower
levels compared to endometrial tissue from women with
endometriosis. To our knowledge this is the first study to
demonstrate that TrkB protein is expressed in the human
endometrium and to suggest a possible association with
endometriosis.

TrkB gene expression in human endometrium was
suggested previously on the basis of a gene array study
examining deep infiltrating endometriosis obtained via
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Fig. 2 A representative A
immunoblot demonstrating full-
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laser capture microdissection [30]. However, TrkB protein
expression in the endometrium has not been demonstrated
previously. In the present study, TrkB immunostaining was
localized to the cytoplasm of primarily epithelial cells of
endometrial glands. In the only other study to immuno-
histochemically examine eutopic endometrium for this
protein, TrkB expression was not found [36]. Reasons for
the divergent results may be explained by differences in the
immunohistochemical methods and tissues used in these
studies. For example, in the prior study [36], the authors
screened multiple organs and tissues for tyrosine receptor
kinase expression using immunohistochemical methods
optimized for this purpose. In the present study, the pro-
cedures used were optimized specifically for the endome-
trium where TrkB expression may be lower than in other
tissues and accordingly the primary antibody dilution used
was lower than in the previous study. Our results expand
those of a previous gene array study [32] in which higher
levels of TrkB mRNA expression were observed in deep
infiltrating endometriosis lesions only. In this prior study
TrkB expression was found in epithelial cells of endome-
triotic implants, with higher levels seen in samples ob-
tained from women in the secretory phase of the menstrual
cycle [32]. However, no TrkB expression was detected in
ovarian endometriosis [32]. Therefore, cycle stage and
source of ectopic endometrium (ovarian vs. peritoneal
endometriosis) could be important in detecting TrkB pro-
tein by immunoshistochemistry. Another factor that could

EUN EUE EUN E
TrkB 145

TrkB 95

affect TrkB expression in the target tissue is the extent and
duration of endometriosis. For example, FOS expression
was found to decline during the progression of endome-
triosis in a baboon model [37]. Therefore, biochemical
changes documented in women with endometriosis relative
to healthy controls may not be stable over the course of the
disease.

Results from our immunoblots confirm our immunohis-
tochemical investigations and extend the findings of gene
array studies [30, 32] revealing increased TrkB protein
expression in the endometrium of women with endometri-
osis. In the current study, two distinct bands were found on
the immunoblots, one representative of the full-length
receptor (TrkB-FL; 145 kD) which signals through an
intracellular tyrosine kinase domain and the other of two
truncated isoforms (TrkB-T1 and T-shc; 95 kD) generated
through alternate splicing of TrkB pre-mRNA [38, 39]. Li-
gand binding to TrkB-FL results in the activation of up to
three signaling pathways involving phosphatidylinositol 3-
kinase, mitogen-activated protein kinase and/or phospholi-
pase Cy. While the truncated receptors are identical to the
full-length form but lack the intracellular kinase domain,
they are still able to initiate signaling [40]. Immunoblot
detection of TrkB-FL and the truncated isoforms in our study
suggests that multiple neurotrophin signaling pathways
may be important in the pathogenesis of endometriosis.

While the role of TrkB in the endometrium is cur-
rently unknown, previous studies have suggested that its
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expression could be associated with pain perception [30].
Alternatively, we propose that endometrial TrkB expres-
sion could play an important role in the development of
endometriosis through the promotion of a pro-survival
signal. In a recent study [29], TrkB expression was shown
to be obligatory for malignant epithelial cell resistance to
ANOIKIS in culture, a phenomenon that was increased
further in the presence of the TrkB ligand, brain-derived
neurotrophic factor (BDNF). Therefore, we speculate that
TrkB expression is an early step in the progression of
changes leading to the development of endometriosis.
Apoptosis is known to be attenuated in the endometrium of
women with endometriosis and thus alterations in the
regulation of this process have been suggested to play a
role in the pathobiology of this disease [13, 15, 41].

Regulation of TrkB expression in the endometrium is
unknown. In the brain, levels of TrkB mRNA are enhanced
following limbic seizure [42, 43] and long-term potential-
induced tetanic stimulation [44], phenomena linked to the
entry of calcium through voltage-gated channels which
activates calcium-response elements in the promoter region
of the gene [45]. Interestingly, rapid surface expression of
TrkB may occur without protein synthesis in response to
neuronal stimulation, as receptor recruitment to the plasma
membrane can take place from intracellular stores [46].
This activity-dependent insertion of the TrkB receptor ap-
pears to occur independently of ligand binding [47], al-
though acute exposure to BDNF can also rapidly increase
TrkB surface expression while chronic treatment leads to
decreased levels [48]. Expression of BDNF itself is induced
via two adjacent calcium-response elements, one of which
is regulated by cAMP-response element binding protein
(CREB) [49, 50]. Thus, calcium and cAMP appear to play
important roles in the expression of TrkB and its ligand.
Several studies have indicated that estradiol treatment alters
the expression of TrkB and/or its ligand, BDNF, in various
types of neural tissue [51-53]. However, at the current time,
BDNF expression in the endometrium and the mechanisms
regulating TrkB expression are unknown.

Interpretation of our results is limited by the retrospec-
tive nature of the present study. Since site of tissue col-
lection [32] and duration of disease [37] could be factors
important in the expression of TrkB, prospective assess-
ment of TrkB expression over the course of the menstrual
cycle is essential. Furthermore, the relationship between
TrkB expression and severity of endometriosis is unknown.
Therefore, the relationship between TrkB expression and
severity of endometriosis according to American Fertility
Society classification of endometriosis [54] and scores of
pain perception in women with endometriosis is needed.

In summary, results of the present study demonstrate
that TrkB protein is expressed in human endometrium and
thus extend the results of previous gene array studies.

Moreover, our results suggest that TrkB expression is
greater in women with endometriosis compared to healthy
controls.

Materials and methods
Study subjects and tissue sample collection

Approval to collect archived endometrial tissue for immi-
nuohistchemistry was obtained from the Faculty of Health
Sciences Research Ethics Board at McMaster University.
Archived samples of formalin-fixed, paraffin-embedded
endometrium from 17 female patients of reproductive age
(42 £ 2.5 years) were obtained from the Department of
Pathology at McMaster University Medical Centre. The
diagnosis of endometriosis was confirmed by review of
pathology reports.

Endometrial biopsies were obtained from a second
group of women (n = 50) between the ages of 18 and 45
undergoing benign gynecological surgery at McMaster
University Medical Centre. All women were cycling nor-
mally and had not received hormonal therapy for at least
1 month prior to surgery. Informed consent was obtained
prior to surgery and all procedures were conducted in
accordance with McMaster University Research Ethics
Board approval.

Routine histology and immunohistochemistry

A 5 pm paraffin sections were stained with hematoxylin
and eosin to identify the reproductive cycle stage (prolif-
erative or secretory) of each patient at the time of surgery.
While blinded to patient diagnosis (i.e., endometriosis or
endometriosis-free), immunohistochemical staining was
undertaken to identify the presence of TrkB. Sections were
deparaffinized using xylene, brought to water through
graded ethanol solutions, rinsed in phosphate buffered
saline (PBS), then incubated in a 1% solution of H,O, in
methanol for 30 min to inhibit endogenous peroxidases.
Non-specific binding was blocked for 1 h using 1.5%
normal goat serum (Vectastain ABC kit, Vector Labora-
tories Inc., Burlingame, CA, USA) in PBS with 1% bovine
serum albumin. Sections were then incubated overnight at
4°C with polyclonal rabbit anti-human TrkB antibody (sc-
8316; Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA) diluted 1:100 (2 pg/mL) in PBS with 1% BSA.
Negative controls were incubated with non-immune rabbit
IgG, serum (1:100). Sections were washed three times with
PBS followed by incubation in biotinylated secondary
antibody for 2 h at room temperature. The slides were
washed and incubated with Vectastain ABC Reagent
(avidin DH and biotinylated horseradish peroxidase H;
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Vector Laboratories Inc.) for 2 h at room temperature.
Diaminobenzidine tetrahydrochloride (DAB; Sigma-Al-
drich Chemical Co., St. Louis, MO, USA) was used as the
chromagen for color development, followed by counter-
staining with Carazzi’s hematoxylin. Sections were dehy-
drated through graded ethanol solutions, cleared in xylene,
and mounted with Permount for bright-field microscopy.
Images were acquired digitally using an Olympus micro-
scope coupled to an image analysis system (Image Pro
Plus, Media Cybernetics, Silver Spring, MD, USA).

To quantify the immunohistochemical staining for
TrkB, H-scores were determined for each section by one
investigator who was blinded to the endometriosis diag-
nosis of each patient. Approximately 1000 glandular cells
were counted per section using an orthogonal gridmask
placed over images captured at 40x magnification using
Image Pro Plus. The following equation was used to cal-
culate the H-scores: H=2 Pi (i + 1), where i is the
staining intensity of the cells (with 0, 1, 2, and 3 repre-
senting zero, weak, moderate and strong staining, respec-
tively) and Pi is the percentage of cells stained at each
intensity (0-100%).

Tissue sample preparation and Western blotting

Endometrial biopsy samples from women with endome-
triosis (n = 21; 39.0 £ 1.8 years) and women without
endometriosis (n = 29; 40.5 £ 0.9 years) were immedi-
ately frozen and stored at —85°C until use. Proteins were
extracted from tissues by homogenization in RIPA buffer
containing 1% Triton-X, 3.5 mM SDS, 0.2 M NaCl, 0.2 M
Tris—HCI, 0.01 M deoxycholic acid sodium salt (Sigma
Aldrich, Oakville, Ont., Canada) and Complete Mini pro-
tease inhibitor (1 tablet per 10 mL; Roche Diagnostics,
Laval, Que., Canada). Homogenates were centrifuged at
2,000x g for 15 min at 4°C. The supernatants were col-
lected and protein concentration was determined using Bio-
Rad protein assay dye reagent (Bio-Rad Laboratories,
Hercules, CA, USA) and the Bradford method [55]. Pro-
teins (15 pg) were electrophoresed by 10% SDS-PAGE
under reducing conditions and transferred onto nitrocellu-
lose membranes. Equal loading in each lane was confirmed
by staining the blots with 2% Ponseau S. Non-specific
binding was blocked by incubation with phosphate-buf-
fered saline (PBS) containing 0.5% Tween-20 with 5%
nonfat powdered milk overnight at 4°C. Membranes were
incubated for 1 h with TrkB polyclonal antibody (sc-8316;
Santa Cruz Biotechnology Inc.) diluted 1:200 in blocking
buffer. This antibody recognizes both full-length
(145 kDa) and truncated (95 kDa) forms of the receptor.
Following incubation with the primary antibody, mem-
branes were washed with PBS/Tween and incubated with
horseradish peroxidase conjugated secondary antibody

(1:5000 anti-rabbit IgG; Amersham Biosciences Inc., Pis-
cataway, NJ, USA) in blocking buffer for 1 h. Enhanced
chemiluminescent detection (ECL; Amersham Bioscienc-
es) was used to visualize the protein bands.

Statistical analyses

Summary statistics and group comparisons were made by
2-way analysis of variance (ANOVA) using SigmaStat
(Systat Software, Inc., Richmond, CA, USA). A P value of
<0.05 was considered significant.

Acknowledgments The authors would like to sincerely thank the
members of McMaster’s Department of Pathology for their help in
obtaining endometrial biopsy samples and retrieving archived
embedded samples. The technical assistance of Ms Stephanie Bulk for
running the immunoblots in this study is gratefully appreciated.
Financial support for this project was provided by the Natural Sci-
ences and Engineering Research Council of Canada (261905-03 to
WGF). Salary support for Dr. Foster from the CIHR and the Ontario
Women’s Health Council is gratefully acknowledged.

References

. R.L. Barbieri, Am. J. Obstet. Gynecol. 162(2), 565-567 (1990)

. F.M. Howard, Obstet. Gynecol. Surv. 48(6), 357-387 (1993)

. J. Sampson, Am. J. Obstet. Gynecol. 14, 422-469 (1927)

. D.P. Braun, W.P. Dmowski, Curr. Opin. Obstet. Gynecol. 10(5),

365-369 (1998)

5. M. Nisolle, F. Casanas-Roux, J. Donnez, Fertil. Steril. 74(2),
306-312 (2000)

6. A. Beliard, A. Noel, F. Goffin, F. Frankenne, J.M. Foidart, Fertil.
Steril. 78(5), 973-978 (2002)

7. J. Donnez, P. Smoes, S. Gillerot, F. Casanas-Roux, M. Nisolle,
Hum. Reprod. 13(6), 1686-1690 (1998)

8. A. Akoum, A. Lemay, C. Brunet, J. Hebert, Fertil. Steril. 63,
322-328 (1995)

9. A. Akoum, C.N. Metz, M. Al-Akoum, R. Kats, Fertil. Steril.
85(5), 1379-1385 (2006)

10. A. Kharfi, A. Boucher, A. Akoum, Biol. Reprod. 66, 401-406
(2002)

11. A. Beliard, A. Noel, J.M. Foidart, Fertil. Steril. 82(1), 80-85
(2004)

12. D.P. Braun, J. Ding, J. Shen, N. Rana, B.B. Fernandez, W.P.
Dmowski, Fertil. Steril. 78(4), 830-835 (2002)

13. W.P. Dmowski, J. Ding, J. Shen, N. Rana, B.B. Fernandez, D.P.
Braun, Hum. Reprod. 16(9), 1802-1808 (2001)

14. W.P. Dmowski, H. Gebel, D.P. Braun, Hum. Reprod. Update.
4(5), 696-701 (1998)

15. H.M. Gebel, D.P. Braun, A. Tambur, D. Frame, N. Rana, W.P.
Dmowski, Fertil. Steril. 69(6), 1042—-1047 (1998)

16. N.M. Zamah, M.G. Dodson, L.C. Stephens, V.C. Buttram Jr.,
P.K. Besch, R.H. Kaufman, Am. J. Obstet. Gynecol. 149(6), 591-
597 (1984)

17. B. Lessey, A. Castlebaum, S. Sawin, C. Buck, R. Schinnar, W.
Bilker, B. Strom, J. Clin. Endocrinol. Metab. 79, 643-649 (1994)

18. V. Rai, J. Hopkisson, S. Kennedy, A. Bergqvist, D.H. Barlow,
H.J. Mardon, J. Pathol. 180(2), 181-187 (1996)

19. Mdel M. Vernet-Tomas, C.T. Perez-Ares, N. Verdu, M.T. Fer-

nandez-Figueras, J.L. Molinero, R. Carreras, J. Soc. Gynecol.

Investig. 13(4), 292-296 (2006)

A LN =



Endocr (2007) 31:167-173

173

20.

21.

22.

23.
24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

P.J.Q. van der Linden, E.P.M. van der Linden, A.F.P.M. de Goeij,
F.C.S. Ramaekers, G.A.J. Dunselman, J.L.H. Evers, Fertil. Steril.
61, 85-90 (1994)

S.E. Rier, P.N. Zarmkoupis, X. Hu, J.L. Becker, J. Clinical
Endocrinology & Metabolism 80, 1431-1437 (1995)

L.S. Noble, E.R. Simpson, A. Johns, S.E. Bulun, J. Clin. Endo-
crinol. Metab 81(1), 174-179 (1996)

E. Attar, S.E. Bulun, Fertil. Steril. 85(5), 1307-1318 (2006)
W.C. Keetel, R.J. Stein, Am. J. Obstet. Gynecol. 61(440), 442
(1951)

D. Bartosik, S.L. Jacobs, L.J. Kelly, Fertil. Steril. 46(5), 796-800
(1986)

M.C. Johnson, M. Torres, A. Alves, K. Bacallao, A. Fuentes, M.
Vega, M.A. Boric, Reprod. Biol. Endocrinol. 3, 45 (2005)

G.F. Meresman, S. Vighi, R.A. Buquet, O. Contreras-Ortiz, M.
Tesone, L.S. Rumi, Fertil. Steril. 74(4), 760-766 (2000)

R.K. Jones, R.F. Searle, J.N. Bulmer, Hum. Reprod. 13(12),
3496-3502 (1998)

S. Douma, T. Van Laar, J. Zevenhoven, R. Meuwissen, E. Van
Garderen, D.S. Peeper, Nature 430(7003), 1034-1039 (2004)

S. Matsuzaki, M. Canis, C. Vaurs-Barriere, J.L. Pouly, O. Boes-
pflug-Tanguy, F. Penault-Llorca, P. Dechelotte, B. Dastugue, K.
Okamura, G. Mage, Mol. Hum. Reprod. 10(10), 719-728 (2004)
R. Klein, L.F. Parada, F. Coulier, M. Barbacid, EMBO 1J. 8(12),
3701-3709 (1989)

S. Matsuzaki, M. Canis, J.L. Pouly, R. Botchorishvili, P.J.
Dechelotte, G. Mage, Fertil. Steril. (2006)

R.A. Anderson, L.L. Robinson, J. Brooks, N. Spears, J. Clin.
Endocrinol. Metab 87(2), 890-897 (2002)

E.Y Adashi, 62(20-27), (1994)

D.B. Seifer, B. Feng, R.M. Shelden, S. Chen, C.F. Dreyfus, J.
Clin. Endocrinol. Metab 87(2), 655-659 (2002)

E. Shibayama, H. Koizumi, Am. J. Pathol. 148(6), 1807-1818
(1996)

J.M. Hastings, K.S. Jackson, P.A. Mavrogianis, A.T. Fazleabas,
Biol. Reprod. 75(2), 176-182 (2006)

R. Klein, D. Conway, L.F. Parada, M. Barbacid, Cell 61(4), 647—
656 (1990)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

D.S. Middlemas, R.A. Lindberg, T. Hunter, Mol. Cell Biol. 11(1),
143-153 (1991)

G.T. Baxter, M.J. Radeke, R.C. Kuo, V. Makrides, B. Hinkle, R.
Hoang, A. Medina-Selby, D. Coit, P. Valenzuela, S.C. Feinstein,
J. Neurosci. 17(8), 2683-2690 (1997)

T. Arimoto, T. Katagiri, K. Oda, T. Tsunoda, T. Yasugi, Y. Os-
uga, H. Yoshikawa, O. Nishii, T. Yano, Y. Taketani, Y. Na-
kamura, Int. J. Oncol. 22(3), 551-560 (2003)

M.M. Dugich-Djordjevic, F. Ohsawa, T. Okazaki, N. Mori, J.R.
Day, K.D. Beck, F. Hefti, Neuroscience 66(4), 861-877 (1995)
N. Lindefors, E. Brodin, M. Metsis, Neuroscience 65(3), 661-670
(1995)

M. Dragunow, E. Beilharz, B. Mason, P. Lawlor, W. Abraham, P.
Gluckman, Neurosci. Lett. 160(2), 232-236 (1993)

T.J. Kingsbury, P.D. Murray, L.L. Bambrick, B.K. Krueger, J.
Biol. Chem. 278(42), 40744-40748 (2003)

A. Meyer-Franke, G.A. Wilkinson, A. Kruttgen, M. Hu, E.
Munro, M.G. Hanson Jr., L.F. Reichardt, B.A. Barres, Neuron
21(4), 681-693 (1998)

J. Du, L. Feng, F. Yang, B. Lu, J. Cell Biol. 150(6), 1423-1434
(2000)

A. Haapasalo, I. Sipola, K. Larsson, K.E. Akerman, P. Stoilov, S.
Stamm, G. Wong, E. Castren, J. Biol. Chem. 277(45), 43160—
43167 (2002)

X. Tao, S. Finkbeiner, D.B. Arnold, A.J. Shaywitz, M.E.
Greenberg, Neuron 20(4), 709-726 (1998)

P.B. Shieh, S.C. Hu, K. Bobb, T. Timmusk, A. Ghosh, Neuron
20(4), 727-740 (1998)

M.J. Cambiasso, J.A. Colombo, H.F. Carrer, Eur. J. Neurosci.
12(7), 2291-2298 (2000)

M.K. Jezierski, F. Sohrabji, Neurobiol. Aging 22(2), 309-319
(2001)

D.T. Solum, R.J. Handa, J. Neurosci. 22(7), 2650-2659 (2002)
The American Fertility Society, Fertil.Steril. 43(3), 351-352
(1985)

M.M. Bradford, Anal. Biochem. 72, 248-254 (1976)



	Tyrosine receptor kinase B (TrkB) protein expression �in the human endometrium
	Abstract
	Introduction
	Results
	Discussion
	Materials and methods
	Study subjects and tissue sample collection
	Routine histology and immunohistochemistry
	Tissue sample preparation and Western blotting
	Statistical analyses

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


