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With the exception of germ-line mutations in ovarian cancer susceptibility genes, genetic predictors for women

destined for ovarian serous cancer cannot be identified in advance of malignancy. We recently showed that

benign secretory cell outgrowths (SCOUTs) in the oviduct are increased in frequency with concurrent serous

cancer and typically lack PAX2 expression (PAX2-null). The present study examined the relationship of PAX2-

null SCOUTs to high-grade serous cancers by comparing oviducts from women with benign gynecologic

conditions and high-grade serous cancers. PAX2-null SCOUTs were identified by immunostaining and

computed as a function of location, frequency (F) per number of cross-sections examined, and age. Six hundred

thirty-nine cross-sections from 35 serous cancers (364) and 35 controls (275) were examined. PAX2-null

SCOUTs consisted of discrete linear stretches of altered epithelium ranging from cuboidal/columnar, to

pseudostratified, the latter including ciliated differentiation. They were evenly distributed among proximal and

fimbrial tubal sections. One hundred fourteen (F¼ 0.31) and 45 (F¼ 0.16) PAX2-null SCOUTs were identified in

cases and controls, respectively. Mean individual case-specific frequencies for cases and controls were 0.39

and 0.14, respectively. SCOUT frequency increased significantly with age in both groups (P¼ 0.01). However,

when adjusted for age and the number of sections examined, the differences in frequency between cases and

controls remained significant at P¼ 0.006. This study supports a relationship between discrete PAX2 gene

dysregulation in the oviduct and both increasing age and, more significantly, the presence of co-existing

serous cancer. We propose a unique co-variable in benign oviductal epithelium—the PAX2-null SCOUT—that

reflects underlying dysregulation in genes linked to serous neoplasia.
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Ovarian cancer affects 423 000 and kills 415 000
women each year in the United States.1 The majority
of these tumors are high-grade serous cancers
(‘serous cancer’). The absence of effective screening
or risk prediction, coupled with the very high

percentage presenting with advanced disease has
resulted in a low cure rate and high mortality.2

Efforts to identify the source of serous cancers have
revealed that the oviduct, particularly the fimbriated
end, is responsible for a larger proportion of serous
cancers than previously thought, both in women
with BRCA1 or BRCA2 mutations and the general
population.3–7 A serous cancer precursor has been
proposed to arise in the distal oviduct. It may begin
with TP53 mutations in secretory cells, leading to a
clonally derived population with altered expression
of p53 in the setting of DNA damage (H2AX). This
precursor, termed the ‘p53 signature,’ shares several
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attributes with serous cancer and has been demon-
strated to exist in anatomic continuity with serous
intraepithelial carcinoma, the earliest form of serous
cancer.8–10 Serous intraepithelial carcinoma is the
most common (B80–85%) gynecologic malignancy
detected in risk reducing salpingo-oophorectomies
of women at genetic risk (BRCA1 or BRCA2
mutations) and has been detected in approximately
one-half of randomly selected women with
advanced serous cancer.3,7,11 For this reason, the
distal tube is now considered an important site of
origin for serous cancer.

The existence of the p53 signature and its
association with mutation or dysregulation of multi-
ple genes (TP53, PAX2, HMGA2) is consistent with
the disruption of multiple molecular pathways
during serous carcinogenesis.12,13 The precursor
harboring these gene alterations is typically a
discrete expansion of secretory cells. Recently, Chen
et al14 described another secretory cell outgrowth
(SCOUT) in the tube that stained strongly with BCL2
and, frequently, negative for PAX2 (PAX2-null). In
contrast to the p53 signature, SCOUTs contained
wild-type p53 by sequence analysis. SCOUTs were
prevalent in equal frequency throughout the ovi-
duct, and the authors concluded that molecular
pathway disturbances leading to SCOUTs were not
restricted to the distal tube.14

A compelling finding by Chen et al14 was the
observation that SCOUTs were found in a signifi-
cantly higher frequency in tubes from serous cancer
patients, present in B30% of histologic sections
of these oviducts vs o5% from women without
malignancy. They concluded that the SCOUTs might
signal, by their greater frequency, a greater like-
lihood of co-existing serous cancer.14 The purpose of
this study was to further scrutinize the relationship
between PAX2-null SCOUTs and serous cancers by
including a more homogeneous control population,
with attention to differences in age and tissue
localization as potential confounders.

Materials and methods

A series of consecutively identified cases from 2005
to 2010 were culled from pathology files of Brigham
and Women’s Hospital and Children’s Hospital in
Boston, MA. These studies were approved for
human subjects study by their respective institu-
tional review boards. The controls consisted of
hysterectomies performed for benign disease (ie
prolapse, leiomyomata). Advanced pelvic high-
grade serous cancers were the cases. In both cases
and controls, both fimbrial and proximal tubes were
submitted for evaluation. All available sections of
oviduct from each case were retrieved for PAX2
immunostaining.

Immunostaining for PAX2 was performed as
previously described, reviewed by two observers
(CMQ and JB) and discrepancies adjudicated by a

third observer (CPC).14 The slides were scored for
the absence of PAX2 (PAX2-null) in the setting of a
SCOUT. Histologically, PAX2-null SCOUTs were
defined as linear arrays of at least 30 consecutive
cells that showed a population of predominately
secretory cell phenotype, in which PAX2 was absent
or conspicuously reduced in a homogenous fashion
relative to the adjacent epithelium (Figure 1). Linear
arrays of ciliated cells, which are typically PAX2
negative, were not counted.

Data were analyzed statistically by negative
binomial regression analysis. For each slide, the
number of cross-sections reviewed and total number
of PAX2-null SCOUTs were recorded. Scoring was
performed by two observers independently. The
following were calculated: (1) frequency (F, in
average number of SCOUTs per section) of PAX2-
null SCOUTs in cases and controls; (2) distribution
of SCOUTs in proximal and fimbrial cross-sections;
(3) average frequencies of SCOUTs in cross-sections
as a function of 10-year groups in cases and controls;
and (4) statistical significance of frequencies of
PAX2-null SCOUTs in cases and controls after
correcting for age and number of sections examined.
To account for age differences and the varying
numbers of sections examined for each subject, the
data were modeled on the assumption that the
number of SCOUTs in each section follows a
Poisson distribution, with Poisson rate depending
on group and age, with an offset term used to
account for the number of sections examined. The
data were adjusted for age in the model, using
10-year groupings (26–35, 36–45, etc). The Poisson
probability distribution is commonly used to model
count data; it is a one-parameter distribution and it
fixes the variance to be equal to the mean. As this is
often overly restrictive, it may be extended by
assuming variability of the Poisson parameter across
subjects, which yields a negative binomial model.
For comparisons as a function of patient age, the age
data were stratified into 10-year groups (ie 26–35,
36–45, etc).

Results

PAX2-Null SCOUTs are Discrete Alterations in the
Oviductal Mucosa Characterized by Variable
Pseudostratification and Associated Ciliation

PAX2-null SCOUTs were visible by light micro-
scopic examination and could usually be distin-
guished from the adjacent mucosa as a discrete
population of cells ranging from cuboidal/columnar
to pseudostratified, the latter showing variable cilia.
Some exhibited pseudostratification and prominent
cilia, suggesting that some retained the capacity for
terminal (ciliated) differentiation. The loss of PAX2
staining was typically complete, or at the most equal
to background cytoplasmic staining of adjacent
stroma. The latter, which occurred in some staining

The oviduct and serous cancer

450 CM Quick et al

Modern Pathology (2012) 25, 449–455



runs, could be eliminated by further dilution of the
primary antibody.

PAX2-Null SCOUTs are Evenly Distributed Between
Fimbrial and Proximal Areas of the Oviduct

Two hundred sixty-five and 199 sections from cases
and controls were designated specifically in the
pathology reports as either fimbrial or proximal in
location. Figure 2 graphically illustrates the differ-
ences in frequency of SCOUTs in these sections
only. In all, 23% (9/39) of fimbrial and 27% (60/226)
proximal sections from cases averaged a PAX2-null
SCOUT in contrast to 18 (7/39) and 25% (40/160)
of controls, respectively. Adjusting for subject
and number of sections of each type examined,
the difference in frequencies between fimbrial and
proximal areas overall was not significant (P¼ 0.24).
This confirmed a prior report showing an equivalent

Figure 1 (a) PAX2-null secretory cell outgrowth (H&E) occupies an entire plica in the center. (b) Note the sharp lines of demarcation
between PAX2 positive and the PAX2-null epithelium along the plica (arrows). (c) At higher magnification, the stratified epithelium of
the secretory cell outgrowth (lower) contrasts to the normal (upper) in the boxed area. (d) The boxed area shows loss of nuclear PAX2
staining (lower) relative to the uninvolved mucosa (upper).

Figure 2 Graphical representation of the frequency distribution of
PAX2-null secretory cell outgrowths in a subset of sections in
cases and controls designated specifically as fimbrial or proximal
in location. The differences in frequency between the two
locations were not significant in either group or combined.
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distribution of SCOUTs between proximal and
fimbrial sections.14

PAX2-Null SCOUTs are Significantly more Frequent
in Oviducts of Women with Serous Cancer

PAX2-null foci of SCOUT varied in size, ranging
from those meeting the minimum criteria (30 cells)
up to involvement of entire plica (Figure 1). Table 1
summarizes the average number (frequency) of
PAX2-null SCOUTs per cross-section in each group
and Figures 3 and 4 are graphical displays. The overall
frequency of PAX2-null SCOUTs was 0.32 in cases of
serous cancer and 0.16 in controls and the indivi-
dual case-specific frequencies in the serous cancers
and benign hysterectomies were 0.39 and 0.14
(P¼ 0.006). In two additional control groups con-
sisting of pediatric autopsy cases and tubal steriliza-
tions from another study, the frequency approached
zero (Figure 3).15

PAX2-Null Foci Increase in Frequency as a Function
of Age but are Independently Associated with Serous
Cancers

Two key goals of this study were to determine (1)
whether the increase PAX2-null SCOUTs in patients
with serous cancer observed by Chen et al14 would

be corroborated in a second data set and (2) whether
the differences were independent of age. The latter
question was prompted by the exceedingly low
frequency of PAX2-null SCOUTs in pediatric
autopsy specimens and post-partum tubal steriliza-
tions, two groups considerably younger on average
than women undergoing surgery for benign disease
and malignancies.15 We addressed these questions
in a regression model that adjusted for age, as well
as the number of cross-sections on the frequency of
PAX2-null SCOUTs by linear regression analysis.
For cases and controls, each group was divided
according to 10-year intervals (26–35, 36–45, 46–55,
56–65, etc) and the average frequencies for the
intervals were compared (Figure 5). There were no
significant differences in average frequency as a
function of increasing age in either group. When
both the cases and controls were combined to

Table 1 Frequency of PAX2-null secretory cell outgrowths in subject groups

Source No. Mean age Age range Sections examined SCOUTs F

Pediatric autopsya 20 NA NA 35 0 0
Post partum sterilizationa 25 35 27–44 190 1 0.005
Hysterectomy for benign disease 35 54 35–74 275 45 0.16
Serous carcinoma 35 63 37–80 364 114 0.32b

Total 70 639 159

SCOUTs, secretory cell outgrowths; F, frequency (SCOUTs per cross-section).
a
From Laury et al (not included in total).15

b
Significant at P¼0.006 after adjusting for age.

Figure 3 Graphical representation of the frequencies (in average
number per cross-section examined) of PAX2-null secretory cell
outgrowths in fallopian tubes from pediatric autopsies, post-
partum sterilization specimens, benign hysterectomies, and
serous carcinomas).15

Figure 4 Box-plot of the frequency distribution of PAX2-null
secretory cell outgrowths in the oviducts associated with serous
cancers and benign hysterectomies. The boxes denote the middle
(25–75th percentile) quartile values, divided at the median
with the short, horizontal line designating the mean. The upper
and lower vertical lines signify the first and fourth quartiles,
respectively. See Results.
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provide a greater number for comparison, a signifi-
cant correlation was seen but was weak, with a
determination coefficient of 0.064. This implies that
only 6.4% of the increase in frequency could be
attributed to age.

In a second approach, a negative binomial regres-
sion analysis was applied to the cases and controls
to determine the impact of age in 10-year intervals
on the frequency of PAX2-null SCOUTs. To account
for age differences and the varying numbers of
sections examined. Serous cancer cases registered
significantly more counts than benign controls
(P¼ 0.006), an average increase of 0.94 log counts
for cases vs controls. This finding is independent
of age, which was itself significantly associated
with PAX2-null SCOUTs as well (P¼ 0.01). Both
analyses underscored a strong association between
PAX2-null SCOUTs and serous cancers independent
of age.

Discussion

We have shown previously that the distal oviduct
harbors clonal expansions of secretory cells that are
unique for strong immunostaining for p53, loss of
TP53 function and a similarity to—and association
with—high-grade serous cancer.8 These expansions,
termed ‘p53 signatures’ are currently the most
plausible precursor candidates to high-grade serous
cancers developing in the oviduct.8,10,16 However, it
is known that in addition to loss of TP53 function,
numerous other disturbances in gene expression
characterize high-grade serous cancers, and it is
logical to presume that precursors contain some of
these functional alterations.17,18 One of these genes,
PAX2, has been shown to be down-regulated in
both high-grade müllerian (endometrioid or serous)
pelvic carcinomas and in benign and neoplastic
endometrium.16,19–21 Recently, we identified a
second form of SCOUT in the oviduct that exhibited
normal TP53 genotype but on further analysis,

frequently showed a loss or reduction of PAX2
immunostaining.14 In a comparison of serous can-
cers, benign controls, and benign tubes from women
with germ-line BRCA1 or BRCA2 mutations, a
higher frequency of these foci appeared strongly
associated with malignancy.14 However, SCOUTs
were evenly distributed in the tube being no more
prevalent in the fimbria than proximal segments.14,15

From this, we concluded that SCOUTs reflected
pathway disturbances that, while more prevalent in
women with high-grade serous cancers, were not
direct precursors to serous cancer. Nevertheless,
loss of PAX2 staining was also highly prevalent in
p53 signatures, secretory cell expansions with p53
mutations that are candidate precursors.8 The pre-
sence of two forms of secretory cell expansion
showing PAX2 dysregulation in the oviduct under-
scored the need to understand the distribution of
this phenomenon and its relationship to age and
neoplasia.

We have recently shown that PAX2-null SCOUTs
are virtually absent in oviducts from the pediatric
population and oviducts from post-partum steriliza-
tions (Table 1).15 It is important to emphasize that
PAX2-null SCOUTs with normal p53 expression
appear to be distributed equally in fimbrial and
proximal oviductal sections, shown by Chen et al14

and confirmed in this report. Thus, the absence of
PAX2-null SCOUTs in pediatric and post-partum
sterilization tubal sections is significant despite the
limited sampling of the tubes in these populations.
Whether the near absence of PAX2-null SCOUTs in
these two groups reflects a direct or indirect relation-
ship to concurrent ovulatory cycles is unclear. Pre-
pubertal and post-partum states are characterized by
absent ovulation, but the same can be said for post-
menopausal women, who harbor a higher frequency
of PAX2-null SCOUTs. The association of PAX2-null
SCOUTs with age coincides with a recent report
showing that the frequency of p53 signatures is also
increased in older women.22 These findings suggest
that increasing age—or the onset of menopause—
elevates the odds that molecular perturbations will
occur in the oviduct. However, this association has
not been universally confirmed; a prior report by us
finding minor and non-significant differences in
mean age between women with and without p53
signatures.8 Moreover, it is increasingly clear that the
tabulation of p53 signatures (or SCOUTs) is influ-
enced by sampling opportunity.23 In this study, we
estimated that increasing age accounted for a
relatively small increase in the frequency of PAX2-
null SCOUTs (Figure 5). Furthermore, negative
binomial regression analysis showed a strong asso-
ciation between PAX2-null SCOUTs and serous
cancers after age was accounted for. Thus, resolving
the potential role of age and hormonal influences
will require further study.14

The high frequency of PAX2-null SCOUTs in 6-mm
sections derived from the oviducts of women with
serous cancer suggests that the oviducts of these

Figure 5 Relationship between age grouping and average frequ-
ency of PAX2-null secretory cell outgrowths in oviducts from
cases and controls. See text for details.
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individuals could harbor literally thousands of
discrete foci with PAX2 gene dysregulation. What
remains unclear is whether this widely distributed,
multifocal loss of PAX2 function in the oviduct with
normal TP53 expression is related to the spatially
restricted loss of PAX2 staining associated with
TP53 mutations in the fimbria in the form of p53
signatures and tubal intraepithelial carcinomas.14,16

We have recently found that borderline serous
tumors, which are not associated with loss of p53
function, also show an increase in PAX2-null
secretory outgrowths in their oviducts and also
display focal loss of PAX2 immunostaining.15 Such
associations emphasize the need for more study to
resolve the significance of SCOUTs in pelvic
epithelial tumorigenesis. What is clear is that
although they are discrete in appearance, PAX2-null
SCOUTs, like p53 signatures, do not harbor a
marked increase in proliferative index (Ning G,
unpublished data).

The association between PAX2-null SCOUTs and
ovarian cancer is intriguing in light of the link
between benign mucosal proliferations and cancers
in other sites, such as the colon and pancreas.24,25 In
one proposed model, PAX2-null secretory out-
growths are increased in frequency in the fallopian
tubes of women with high-grade serous cancer yet
are separable geographically by their TP53 mutation
status, association with DNA damage and location
(Figure 6). Further analysis of SCOUTs for these and
other gene perturbations might yield new insights
into the pathogenesis of serous cancer. A second and

increasingly obvious avenue of investigation worthy
of attention is the varied level of ciliated cell
differentiation. This suggests that ‘secretory’ cell
outgrowths, with their differences in ciliation, might
signify different lineages derived from altered
oviductal stem cells.
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