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Abstract

Tubal ligation keeps the fimbriated end of the fallopian tube intact while interrupting the conduit for sperm and egg between the
uterus and ovary. Tubal ligation is associated with an approximately 20% decreased risk of high-grade serous ovarian cancers,
which mounting evidence suggests arise from the distal fallopian tube epithelium. We postulated that biological changes at the
epithelial cellular level of the distal fallopian tube may account for the surgical procedure’s observed risk reduction. We compared
the histology, presence of epithelial progenitors (basally located CD44-positive cells), and degree of epithelial proliferation (Ki67-
positive cells) of distal fallopian tube from |10 patients with previous tubal ligation and |10 age-matched patients with uncut fallopian
tubes. A significantly reduced population of proliferating epithelial progenitors (basally located CD44/Ki67 dual-positive cells) was
detected in the tubal ligated specimens (P = .0002). To functionally assess the effect of tubal ligation, a murine model was utilized
to compare the growth capacity of distal fallopian tube epithelial cells isolated from either ligated or sham-operated tubal epithelia.
Murine fallopian tube epithelial cells isolated after tubal ligation showed a significantly reduced capacity to grow organoids in
culture compared to sham-operated controls (P = .002). The findings of this study show that tubal ligation is associated with a
reduced presence and decreased proliferation of progenitor cells in the distal fallopian tube epithelium. These compositional and

functional changes suggest that tubal ligation induces quiescence of distal fallopian tube epithelial cells.
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Introduction

Tubal ligation has sustained popularity as one of the most com-
mon methods of contraception for women in the United States
since its peak usage in the 1970s." Initially a surgical proce-
dure that only involved laparotomy incisions, tubal ligation has
evolved to be less invasive with the utilization of laparoscopic
methods.” A laparoscopic tubal ligation may include cauteriza-
tion or the application of clips or rings to the fallopian tube in
order to block blood supply and cause scarring that blocks the
passage of sperm or egg.’ The fallopian tube may also be par-
tially removed, such as with the Pomeroy technique, or fully
removed via a salpingectomy.>* Despite differences in
approach, all these tubal ligation methods lead to gross mor-
phologic changes in the fallopian tube to render the organ no
longer functional. However, potential microscopic changes that
may occur in the fallopian tube epithelium following a tubal
ligation have not been widely investigated.

The fallopian tube is not just a passive conduit between the
ovary and uterus to facilitate the passage of sperm and egg. The
fallopian tube is an active organ that may undergo structural
changes in response to the menstrual cycle as well as to meno-
pause.” The epithelium has the capacity to proliferate and

change its cellular composition in preparation for ovulation.®
As a further demonstration of the organ’s dynamic nature, sur-
gical reversal of tubal ligation via reanastomosis may be effec-
tive in restoring a woman’s ability to become pregnant by
rehabilitating the function of the fallopian tube.””” Depending
on a multitude of factors including the remaining length of the
fallopian tube and type of tubal ligation performed, surgical
reanastomosis has pregnancy success rates ranging from 25%
to 83%.”* The success of surgical reanastomosis to recover
function following tubal ligation associated scarring and
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blockage of blood flow indicates that the fallopian tube has
regenerative capacity at the cellular level.'” As early descen-
dants of stem cells that can differentiate into different cell
types, progenitor cells enable a tissue to repair itself and may
thus likely account for the fallopian tube’s regenerative func-
tion."! Previous work in our laboratory has shown that progeni-
tor cells reside along the fallopian tube from the proximal to
distal end and are concentrated in the fimbriated epithelium."!
The presence of progenitor cells throughout the fallopian tube
may account for the organ’s regenerative capacity following a
surgical reanastomosis performed at any site.

Recent evidence strongly suggests that many serous ovarian
carcinomas arise from the distal fallopian tube rather than from
the ovarian surface epithelium.'*'® High-grade serous ovarian
tumors are the most prevalent and deadly histotype of epithelial
ovarian cancers, which are among the most aggressive and
deadly gynecologic malignancies.'”'? In a pooled analysis of
case—control studies, women with a history of tubal ligation
had a reduced risk of invasive serous cancer by 19%.2° This
procedure is also inversely associated with the development
of endometrioid, clear cell, and mucinous carcinomas with a
risk reduction of 32% to 52%.2° Although several mechanisms
have been proposed to explain tubal ligation’s observed risk
reduction of serous tumors, the existing literature does not spe-
cifically examine the possibility that changes at the tissue level
of the fallopian tube epithelium may contribute to this risk
reduction.

Mechanisms that have been proposed to explain risk reduc-
tion of epithelial ovarian cancers by tubal ligation include the
prevention of ascending carcinogens (eg, talc) through the Miil-
lerian system toward the ovaries, possible changes in ovarian
function, and potential development of protective antibodies.
Two population-based analyses have not demonstrated any
clear association between exposure to talc use and ovarian can-
cer development.?'*? These studies suggest that interruption of
the ascent of carcinogens by tubal ligation is unlikely to be a
significant contributing factor to the procedure’s risk reduction.
Moreover, although existing studies have reported lower hor-
mone levels in women postligation compared to women with-
out tubal ligation, they did not examine preligation hormone
levels (reviewed in®®). This makes it difficult to draw any
conclusion regarding the effect of tubal ligation on ovarian
function as a possible explanation for the risk reduction of
ovarian cancer. Another proposed theory is that increased
anti-Mucin-1 (MUC1) antibodies seen in women with tubal liga-
tion may have a protective effect against ovarian cancer in
younger women.>**> Although this is an interesting population-
based observation, the functional role of anti-MUC]1 antibodies
in the prevention of ovarian cancer remains to be investigated.

The greatest risk reduction following tubal ligation among
the various epithelial ovarian cancers is observed for endome-
trioid and clear cell ovarian tumors.? A suggested theory for
the risk reduction in these 2 histologic subtypes is that tubal
ligation prevents the migration of ascending cells originating
in the endometrium from reaching and implanting onto the
ovary by interrupting the conduit.'** However, this theory

does not shed light on the mechanism underlying the risk
reduction of high-grade serous cancers that are thought to arise
from the distal fallopian tube, which remains intact following
tubal ligation.

We hypothesized that changes in the cellular composition
and activity of the distal fallopian tube epithelium following
tubal ligation may explain why there is a risk reduction of ser-
ous cancers associated with this surgical procedure. Since the
fimbriated end of the fallopian tube is left intact following tubal
ligation and is the proposed site for serous cancer initiation, our
study focused on analyzing the presence and activity of distal
fallopian tube epithelial progenitor cells. Through analyses of
human patient samples and in vitro growth assays using a mur-
ine model, here we investigate whether tubal ligation leads to
quiescence of distal fallopian tube epithelium.

Materials and Methods
Patient Cohorts

This retrospective study was approved by the University of
California Los Angeles (UCLA) Office for the Protection of
Research Subjects (IRB 12-001213). Of approximately 600
reviewed medical records of patients that had undergone sal-
pingectomy at UCLA in the past 10 years, 580 were excluded
from our study due to either (1) history of any malignancy
including gynecologic cancers, (2) any hormone replacement
therapy including oral contraceptives since exogenous hor-
mones may affect cellular composition of the fallopian tube,
or (3) unavailability of histologic sections containing distal
fallopian tube. This study consists of 2 cohorts with equal age
distributions: 10 patients with a history of tubal ligation and 10
age-matched controls (Table 1). Both pre- and postmenopausal
patients were selected for this study. An expert gynecologic
pathologist (PS) reviewed all samples and determined them
to be normal and without any evidence of pathology.

Immunohistochemistry

Formalin-fixed and paraffin-embedded histologic sections
were stained with hematoxylin and eosin to observe tissue mor-
phology. Paraffin sections were prepared for immunohisto-
chemistry through a process of heat-induced epitope retrieval
as previously described.!’ Both the control and tubal ligation
cohorts were immunostained for CD44 and Ki67 with antibo-
dies and substrates listed in Supplementary Table 1. Staining
quality and specificity for CD44 and Ki67 were evaluated
against serous ovarian tumor as a positive control (high
CD44 and Ki67 expression) and endometrial myometrium as
a negative control (minimal CD44 and Ki67 expression). Clo-
nal epithelial organoids regenerated from mouse fallopian tube
epithelia were prepared in a similar fashion and immunostained
for 2 antigens that mark the differentiated cells of the fallopian
tube: Pax8, a transcription factor marking secretory cells,**
and B-tubulin, a structural protein that marks ciliated cells.?®
Endometrial stroma was used as a negative control for Pax8
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Table I. Patient Cohorts.

Patient  Age Indication for Surgery

A. Tubal ligation cohort

| 31 Pelvic pain, menorrhagia, ruptured luteal cyst

2 54 Benign ovarian cyst

3 35 Benign cystadenoma

4 50 Benign fibrothecoma

5 62 Benign cystadenoma

6 53 Benign cystadenoma

7 37 Benign sclerosing stromal tumor

8 38 Benign hemorrhagic corpus luteum cyst, BRCA+

9 50 Hemorrhagic luteinized cyst

10 62 Risk-reducing bilateral salpingo-oophorectomy
B. Control cohort

| 34 Teratoma

2 54 Adenomyosis

3 35 Benign cystic follicles

4 50 Benign cystadenoma

5 62 Benign mucinous cystadenoma

6 53 Prolapse, stress urinary incontinence

7 34 Simple serous ovarian cyst

8 40 Risk-reducing salpingo-oophorectomy, BRCA+

9 50 Adenomyosis

10 62 Benign fibrothecoma

and B-tubulin staining. Human fallopian tube was used as a
positive control for the Pax8 and B-tubulin stains.

Stained slides were submitted to the Translational Pathology
Core Laboratory, a research facility in the UCLA Department
of Pathology and Laboratory Medicine, for digital imaging.
Using Aperio ScanScope linear-array scanning technology,
high-quality scans of each slide were obtained at 20-fold
magnification.” Scanned samples were then analyzed using
Definiens Tissue Studio, in which unique solutions were con-
structed for each stain in order to identify positively stained
cells and to obtain a total cell count.*° For the single and dual
stains, the total numbers of CD44-positive, Ki67-positive, and
CD44/Ki67 dual-positive basal epithelial cells were manually
verified independently by 2 researchers.

Images of the stains seen in the figures were produced on an
Olympus BX51 upright microscope (Olympus, Melville, New
York, http://www.olympusamerica.com) equipped with Optro-
nics macrofire charge-coupled device camera and Optronics
PictureFrame software.

Animals

Wild-type (C57BL/6), green transgenic (C57BL/6-Tg[ACT-
bEGFP]10sb), and red transgenic (C57BL/6-Tg[ACTB-
DsRed.MST]1Nagy/J) mice were obtained from Jackson
Laboratory. Color-marked mice were only used for clonal
assays related to the formation of fallopian tube organoids.
For all other assays, wild-type mice were utilized. Mice were
maintained in accordance with Division of Laboratory Animal
Medicine guidelines at UCLA. All animal experiments were
approved by the Animal Research Committee at UCLA.

In Vitro 3-Dimensional Organoid Assay of
Fallopian Tube Epithelia

Microscopic tubal ligations mimicking a modified Pomeroy
method and sham operations were performed on 6- to 8-
week-old reproductive wild-type mice, followed by a 4-week
recovery period. Distal fallopian tubes of 5 mm were harvested
from both the sham and tubal ligation cohorts. This measure-
ment ensured that an equal amount of fallopian tube was uti-
lized in both experimental groups. These tubes were cut into
fragments and suspended in Dulbecco modified Eagle medium
(DMEM) plus 10% fetal bovine serum (FBS). They were then
washed in phosphate-buffered saline and 5 mmol/L EDTA,
incubated at 4°C for 45 minutes in 1% trypsin, then stopped
with DMEM plus 10% FBS. Distal fallopian tube epithelial cell
sheets were mechanically isolated from fragments using two
25-gauge needles and were then incubated at 37°C in 0.8 mg/
mL collagenase in DMEM and 5 pg/mL insulin for 1 hour 30
minutes. Cells were harvested, washed, and resuspended in
0.5% trypsin-EDTA for 5 minutes before being dissociated into
single cells using a syringe. Dissociated cells were incubated
on ice for 15 minutes with antibodies in preparation for sorting
(Supplementary Table 2). Fluorescence activated cell sorting
was utilized to isolate all epithelial cells that expressed the
epithelial cell marker epithelial cell adhesion molecule
(EpCAM). Cells expressing lineage markers TER119 (red
blood cells), CD45 (hematopoietic cells), and CD31 (endothe-
lial cells) were excluded. Five thousand cells were then plated
in 1:1 PREGM Matrigel and cultured for 11 days in an organoid
assay as previously described.'!

Statistical Methods

Median percentages of positive cells per antigen (CD44 and
Ki67) were calculated from the total number of distal fallopian
tube epithelial cells. For the CD44/Ki67 dual stains, median
percentages of CD44/Ki67 dual-positive cells were calculated
from the total number of CD44-positive basally located distal
fallopian tube epithelial cells. Because the distribution of the
antigens did not necessarily follow the normal distribution with
constant variance, P values were computed using the nonpara-
metric Wilcoxon rank sum test. Mean values of the number of
organoids were compared between ligation and no ligation
groups using a two-by-two repeated measure analysis of var-
iance model. The criterion for statistical significance among all
comparisons was set at an o of .05.

Results

Epithelia of Ligated Fallopian Tubes had a Lower
Percentage of Basal Progenitors in the Fimbriated

End Compared to Nonligated Samples

Previous work by this laboratory has shown that CD44 is

expressed by a population of basally located epithelial cells
with progenitor activity present throughout the fallopian tube
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Figure |. A lower number of progenitors was detected in the distal fallopian tube epithelium of patients who underwent tubal ligation. (A)
Immunohistochemistry demonstrated the representative distribution of CD44 expression in the fimbria of intact fallopian tubes (a and c) versus
ligated patient samples (b and d). A lower number of basally located CD44-positive cells was seen in both pre- (a vs b) and postmenopausal (c vs
d) tubal ligation patient samples. Arrows point to individual CD44-positive basal epithelial cells. (B) The median percentage of distal fallopian
tube epithelial progenitors (basally located CD44-positive epithelial cells) was reduced with tubal ligation. Dot plot summarizes and compares
data points of all clinical samples, confirming a statistically significant difference at P = .0113. Horizontal bars represent the median for each

cohort and the vertical bars denote interquartile range.

and concentrated in the distal fimbria.'' Here we examine
whether tubal ligation is associated with a change in the num-
ber of these progenitor cells specifically in the fimbria. Sec-
tions of distal fallopian tube epithelia from patients that had
undergone tubal ligation and aged-matched controls were
stained for CD44 (Figure 1A). Although no obvious histologic
differences were observed between the ligated and nonligated

human fallopian tube samples, the fimbriated fallopian tube
epithelium of patients with previous tubal ligation had an
approximately 9-fold decrease in the median percentage of pro-
genitor epithelial cells compared to that of patients without
tubal ligation. The epithelial lining of the tubal ligation cohort
contained 0.05 median percent basal CD44-positive progeni-
tors compared to the 0.46 median percent seen in control
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samples (P = .0113; Figure 1B). This suggests a significant
reduction in progenitors in the distal fallopian tube epithelium
with tubal ligation.

Tubal Ligation is Associated With Decreased Proliferation
in the Progenitor Cells of the Fimbriated Fallopian Tube

Increased proliferation as measured by Ki67 expression has
been associated with the progression from normal tissue to dys-
plasia to malignancy in the Miillerian duct epithelium.®' It has
also been shown that the expression of Ki67 can be a biomarker
of aggressive behavior in tumors and may impact prognosis of
disease.>*>? Even in preneoplastic tissue, a high level of Ki67
expression may portend an increased risk of developing malig-
nancy at a later time.>* For example, a study of breast tissue
found that a higher Ki67 index correlated with a significantly
increased risk of developing invasive breast cancer in women
with a diagnosis of atypical hyperplasia.** These observations
imply that the Ki67 index may be used as a surrogate measure
of a tissue’s risk for becoming dysplastic.

Distal fallopian tube specimens from the tubal ligation and
control cohorts were immunostained for Ki67 (Supplementary
Figure 1A). Although the control group had a median Ki67
index of 0.44%, patients with tubal ligation had a median index
of 0.14% (P = .0140; Supplementary Figure 1B). Decreased
Ki67 expression indicated that the proliferation in the distal fal-
lopian tube epithelium was significantly reduced in patients
with tubal ligation compared to normal controls.

To investigate whether tubal ligation specifically affected
the proliferation of the progenitor cells, histologic sections
of distal fallopian tubes from patients with previous tubal
ligation and their age-matched controls were dual stained for
CD44 and Ki67 expression (Figure 2A). Although 16% of
basally located CD44 cells stained positive for Ki67 in the
control group, only 3% of basal CD44 cells were dual positive
for Ki67 in the tubal ligation cohort (median values; P =
.0002; Figure 2B). This indicated a 5-fold reduction in the
proliferative progenitor cells of the distal fallopian tube
epithelium following tubal ligation. Within both control and
ligation cohorts in our study, the median percentages of basal
CD44/Ki67 dual-positive epithelial cells was not significantly
different between the pre- and postmenopausal patients (P >
.05; Supplementary Figure 2). Collectively, we observed
changes in both the composition and the proliferative index
of epithelial progenitor cells in the distal fallopian tube when
comparing age-matched cohorts of patients who had intact or
ligated fallopian tubes.

Tubal Ligation Reduced In Vitro Growth Capacity of
Murine Distal Fallopian Tube Epithelia

The decreased number and lower proliferation of progenitor
cells detected in the human distal fallopian tube epithelia was
correlational and may have been confounded by small sample
size. Work by other investigators demonstrated that similar to
the human tubal epithelium, mouse fallopian tubes also contain

a progenitor stem-like population.**-*® Therefore, here a mur-
ine model was utilized to functionally test the effects of tubal
ligation on the growth capacity of distal fallopian tube epithelia
to determine whether the observations seen in the human sam-
ples correspond to biological changes in the tubal epithelium.
Two cohorts of 10 reproductive mice (aged 6-8 weeks) each
underwent either tubal ligation using a surgical technique
that mimics a modified Pomeroy method or sham operation.
In the modified Pomeroy method, 2 independent knots were
placed in the ampullary region of the fallopian tube to allow
excision of an approximately 5 mm portion while leaving the
proximal and distal regions of the fallopian tube intact. After
4 weeks of recovery time, 5 mm sections of the distal fallopian
tube were harvested from both cohorts. Using methods previ-
ously established in our laboratory,'" fallopian tube epithelium
was isolated based on expression of EpCAM through a cell sor-
ter. These epithelial cells were then plated in an in vitro
3-dimensional organoid growth assay that allowed for the
quantification of individual epithelial cells with the capacity
to give rise to fallopian tube epithelial organoids (Supplemen-
tary Figure 3A)."" Fallopian tube organoids were clonal in ori-
gin (arose from a single epithelial cell) and histologically
resembled normal fallopian tube epithelium based on expres-
sion of epithelial markers Pax8 (secretory cells) and B-tubulin
(ciliated cells; Supplementary Figure 3B and C). Equal num-
bers of enumerated epithelia isolated from mice with tubal liga-
tion or sham operation were plated in the in vitro organoid
assay. After 11 days, growth capacity was assessed as percent-
age of epithelial cells that gave rise to organoids (Figure 3A).

In 2 independent repeats of this experiment, an approxi-
mately 2-fold reduction in the number of tubal epithelial cells
with regenerative capacity was detected upon tubal ligation
with 1.6% of epithelial cells giving rise to organoids in ligated
mice versus 3% in the sham-operated cohort (P = .002; Figure
3B). This functional analysis mirrors the findings seen in the
human specimens where a reduction in epithelial progenitors
of fimbriated fallopian tube was seen in patients with tubal liga-
tion compared to controls. Findings here using the mouse
model demonstrated that tubal ligation decreased the overall
growth capacity of fimbriated epithelium.

Discussion

Pathologic changes in the fallopian tube following tubal liga-
tion have been documented.'® Distortion and loss of muscula-
ture, thickening of epithelial folds, and dilation of the lumen of
the remaining fallopian tube contribute to the organ’s loss of
function following the surgical procedure.'® To our knowledge,
however, it has not been greatly investigated how tubal ligation
may lead to changes at the cellular level of the fallopian tube
epithelium. We found that tubal ligation is associated with both
a decreased number and reduced proliferative index of epithe-
lial progenitors in the distal fallopian tube. Our observations of
a decreased number and proliferation of progenitor cells in
human distal fallopian tube specimens were corroborated by
in vitro growth assays in a murine model that showed that distal
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Figure 2. The percentage of proliferating epithelial progenitors was diminished in the distal fallopian tube of patient samples with tubal ligation.
(A) Immunohistochemistry revealed a lower expression of proliferating progenitors (basally located CD44/Ki67 dual-positive epithelial cells) in
the distal fallopian tube of ligated patient samples (b and d) compared to intact fallopian tubes (a and c). Light brown staining corresponds to
CD44 expression and magenta staining indicates Kié7 nuclear expression. Tubal ligation samples from both pre- (b) or postmenopausal (d)
patients showed a reduction in CD44/Ki67 dual expression compared to the control cohort. (B) The median percentage of proliferating pro-
genitors was significantly lowered in the fimbria of tubal ligated patient specimens compared to age-matched controls at P = .0002. Each dot on
the chart represents the percentage of basally located CD44-positive epithelial cells that also expressed Ki67. Horizontal bars represent the
median for each cohort and the vertical bars denote interquartile range.

fallopian tube epithelial cells have a decreased growth capacity
following tubal ligation. Similarly, work by others has demon-
strated that following a surgical procedure, changes do occur in
the composition and proliferation in the epithelia of the colon, a
tubular organ containing an intraepithelial lining similar to the
fallopian tube.*”® In these studies, a substantial decrease in

number and mitotic activity of cells in the progenitor region
of the colonic crypts was detected when comparing rats that
had underwent a colostomy procedure to those with sham
operations.®’=®

Since our findings suggest that the epithelium is less active
in proliferation following tubal ligation, we think the surgical
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Figure 3. Epithelial cells residing in the fimbriated end of ligated fallopian tubes had a decreased capacity for forming in vitro organoids in
a murine model. (A) Experimental schema for isolation and in vitro 3-dimensional growth of fallopian tube epithelia from both ligated
and intact murine fallopian tubes. (B) Epithelia obtained from ligated murine fallopian tubes showed a significant decrease in number
of cells capable of organoid formation compared to intact tubes. Cumulative results from 2 independent experiments are shown with

mean + standard deviation (SD).

procedure causes the distal fallopian tube epithelial progeni-
tors to become quiescent. Given that high-grade serous
tumors can initiate in the distal fallopian tube epithelium,'*"
16 quiescence of the epithelial progenitors in the fimbriated
end of the fallopian tube may be one mechanism accounting
for the risk reduction of serous cancer following tubal liga-
tion. Recent evidence investigating squamous carcinomas
demonstrated that tumorigenesis only begins when hair folli-
cle stem cells are released from quiescence.>® Work from
these researchers suggests that mechanisms that maintain the
quiescent state prevent these cells from being susceptible to
loss of tumor suppressor genes or gain of oncogenes.*® One

can imagine that less active cell cycling of fallopian tube
epithelial progenitors may play a protective role by reducing
the frequency of cumulative genetic changes that can initiate
disease. Such genetic changes may include functional inacti-
vation of tumor suppressor genes BRCA1, BRCA2, and p53
that are seen in many serous cancers.

We think tubal ligation protects against epithelial ovarian
cancers in a potential 2-pronged mechanism: (1) it interrupts
the conduit and halts the migration of ascending endometrial
cells from implanting on the ovary and developing into endo-
metrioid and clear cell cancers as others have described® and
(2) work in this article suggests that tubal ligation leads to
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Figure 4. A model for risk reduction in epithelial ovarian tumors following tubal ligation. (A) We propose that the progenitors of the
distal fallopian tube are normally cycling. This may allow for accumulation of genetic mutations that lead to serous cancer initiation, such
as inactivation of tumor suppressors BRCAI, BRCA2, and p53. It has been proposed by other studies that when the fallopian tube is left
intact, ascending endometrial cells are able to migrate and implant onto the ovary, which may lead to the development of endometrioid
and clear cell cancers. (B) Our findings suggest that tubal ligation induces a state of quiescence in epithelia of distal fimbria by leading to a
decreased population of progenitor cells with a lower proliferative index. A diminished number of proliferating progenitors may lower
the frequency of cumulative genetic changes associated with serous cancer. As others have previously proposed, tubal ligation may prevent the
migration of endometrial cells from initiating endometrioid and clear cell cancers on the ovary by interrupting the conduit between the uterus

and ovary.

compositional and functional changes in the distal fallopian
tube epithelium that renders it quiescent and possibly less
likely to initiate serous carcinomas (Figure 4). Our findings
reported here provide the basis for further validating these
observations in a larger cohort of patients, which may require
a multicentered analysis.

Although our study did not specifically explore mechanisms
that can lead to quiescence in the distal fallopian tube epithe-
lia, we think that 2 possible mechanisms based on review of
literature may include changes in oxygenation of the fallopian

tissue due to alterations in microvasculature*®** and/or

decreased exposure to soluble cytokines and growth factors
following tubal ligation.** A continuation of this study focused
on mechanisms that regulate growth and regression of fallo-
pian tube epithelial progenitor cells could shed insight on the
factors that regulate their proliferation versus quiescence.
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