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Objective. To credential Stathmin 1 (STMN1) and p16INK4A (p16) as adjunct markers for the diagnosis of
serous tubal intraepithelial carcinoma (STIC), and to compare STMN1 and p16 expression in p53-positive and
p53-negative STIC and invasive high-grade serous carcinoma (HGSC).

Methods. Immunohistochemistry (IHC) was used to examine STMN1 and p16 expression in fallopian tube
specimens (n = 31) containing p53-positive and p53-negative STICs, invasive HGSCs, and morphologically
normal FTE (fallopian tube epithelium). STMN1 and p16 expression was scored semiquantitatively by four
individuals. The semiquantitative scores were dichotomized, and reported as positive or negative. Pooled
siRNA was used to knockdown p53 in a panel of cell lines derived from immortalized FTE and HGSC.

Results. STMN1 and p16were expressed in themajority of p53-positive and p53-negative STICs and concom-
itant invasive HGSCs, but only scattered positive cells were present inmorphologically normal FTE. Both proteins
were expressed consistently across multiple STICs from the same patient and in concomitant invasive HGSC.
Knockdown of p53 in immortalized FTE cells and in four HGSC-derived cell lines expressing different missense

p53 mutations did not affect STMN1 protein levels.

Conclusions. This study demonstrates that STMN1 and p16 are sensitive and specific adjunct biomarkers that,
when usedwith p53 and Ki-67, improve the diagnostic accuracy of STIC. The addition of STMN1 and p16 helps to
compensate for practical limitations of p53 and Ki-67 that complicate the diagnosis in up to one third of STICs.
© 2015 Elsevier Inc. All rights reserved.
1. Introduction

High-grade serous carcinoma (HGSC) is the most common form of
epithelial ovarian cancer and typically presents at an advanced stage
when current therapies are rarely curative [1]. A growing body of liter-
ature now supports the fallopian tube fimbria as the site of origin for a
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majority of HGSCs [2–8]. The chief argument for a tubal origin of HGSC
is the presence of occult non-invasive carcinomas in the distal end of
the fallopian tube (i.e., fimbria), designated serous tubal intraepithelial
carcinoma (STIC). Morphologic and genetic evaluation of STICs have
shown a high degree of similarity to concomitant ovarian or peritoneal
carcinomas [1]. In particular, similar to HGSC, virtually all STICs harbor
TP53mutations, which are identical to TP53 mutations in the affiliated
ovarian carcinomas, supporting their clonal relationship [9]. A similar
precursor lesion in the ovary containing a TP53 mutation has not been
shown. The most common TP53 mutations are missense (61%), while
non-sense mutations are present in the remainder of cases [9,10]. Mis-
sense TP53 mutations are correlated with strong diffuse staining of
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Table 1
STMN1 and p16 immunostaining in p53-positive and p53-negative STIC and invasive
serous carcinoma.

Morphologic feature p53 status n STMN1
positive

p* p16
positive

p*

STIC
(n = 31)a

Positive 20 17 (85%) 1.000 17 (85%) 0.210
Negative 11 9 (82%) 7 (63%)

Invasive carcinoma
(n = 24)b

Positive 17 16 (94%) 1.000 16 (94%) 0.507
Negative 7 7 (100%) 6 (86%)

Morphologically benign
FTE (n = 31)c

Positive 20 0 (0%) 1.000 0 (0%) 1.000
Negative 11 0 (0%) 0 (0%)

a vs. b; (p = 0.158); Fisher's exact test.
a, b vs. c; (p b 0.001), Chi-square.
p* (p53 pos vs. p53 neg); Fisher's exact test.
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p53 in STICs and HGSCs, while complete absence of p53 immunoreac-
tivity correlates with non-sense mutations, which produce a truncated
protein that is not detected by the p53 antibody (“null mutation”) [9].

In addition to invasive HGSC cases, STICs are also found in 5–10% of
fallopian tubes removed prophylactically from women who are at high
risk for developing ovarian cancer, including those women with BRCA
mutations and/or those with a strong family history of ovarian cancer
[11,12]. Detection of STICs in the high risk population has been greatly
enhanced by comprehensive pathologic assessment of fallopian tubes
through the use of the SEE-FIM (Sectioning and Extensively Examining
the FIMbriated end) protocol, and risk-reducing bilateral salpingo-
oophorectomy (RRSO) [7]. An accurate and sensitive diagnosis of
STICs in the high-risk population may impact their subsequent clinical
management, and can prompt early clinical action including increased
surveillance, additional surgical staging or adjuvant chemotherapy
[13,14].

Currently, STICs are diagnosed inmany cases using an algorithm that
combines morphologic evaluation and immunohistochemistry for p53
and Ki-67 [13]. However, the histologic diagnosis can be challenging
when the morphologic changes are subtle, and lack reproducibility
[13,15]. Accordingly, strong and diffuse p53 immunoreactivity may be
the most contributory component of the diagnostic algorithm. Howev-
er, in the presence of a null mutation, p53 immunoreactivity is
completely absent, and this can occur in 20%–50% of STICs [11]. This di-
agnostic pitfall necessitates the development of additional biomarkers
to aid in diagnosis of p53-negative STICs.

Previous studies have shown that overexpression of other oncogenic
proteins can also be associatedwith STIC and HGSC. Karst et al. reported
that Stathmin 1 (STMN1), a cytoplasmic phosphoprotein that regulates
microtubule dynamics, is strongly and diffusely immunoreactive in
STICs and a large proportion of HGSCs, but not in non-neoplastic FT
epithelium [16]. Similarly, p16INK4A (p16), a cyclin-dependent kinase
IV inhibitor, has been shown to be overexpressed in STIC [17] and
HGSC [18,19]. However, neither of these studies specifically addressed
the expression of these proteins in p53-negative STICs. The primary
objective of this study was to compare STMN1 and p16 expression in
p53-positive and p53-negative STICs and HGSCs, and to credential
these proteins as adjunct biomarkers for the diagnosis of STIC.

2. Materials and methods

This study was approved by the Institutional Review Boards at the
Cedars-Sinai Medical Center (CSMC), Brigham and Women's Hospital
(BWH), Dana-Farber Cancer Institute (DFCI), and Yale University.

2.1. Case selection

The cases for this study were obtained from the Departments of Pa-
thology at CSMC, BWH, and Yale University. Tubal sections were cut
from paraffin blocks from 31 patients whose original pathology reports
indicated the presence of STIC. These H&E slides were reviewed concur-
rently by two pathologists (MSH, RD) to confirm the presence of STICs
and possibly invasive carcinoma in the deeper tissue sections cut for
this study. STICs were diagnosed based on establishedmorphologic fea-
tures, including loss of ciliated cells, loss of cell polarity, epithelial strat-
ification and tufting, nuclear enlargement and pleomorphism, nuclear
hyperchromasia, prominent nucleoli, and increased mitotic figures. Le-
sions fulfilling the morphologic criteria were then examined for p53
and Ki-67 reactivity in subsequent serial sections. Lesions with N10%
Ki-67-positive nuclei were considered proliferative. p53 expression
was evaluated for strong diffuse immunoreactivity (positive for muta-
tion, “p53 positive STIC”) or a complete absence of staining (positive
for a null mutation, “p53-negative STIC”) in the area of atypia; scattered
cells immunoreactive for p53 were considered a negative result (p53
wild type). For p53-null lesions, the presence of scattered immunoreac-
tive stromal cells and/or non-neoplastic fallopian tube cells was noted
to confirm that the antibody and immunostaining technique were
adequate (i.e., positive internal control).

The tissue sections in this study were obtained from patients whose
age at the time of surgery ranged between 44–75 years (mean = 63,
median = 65). For detailed information about the patients' age, FIGO
stage, and BRCA1/2 status please refer to Supplemental Table 1. Of the
31 cases, 20 cases contained p53-positive STICs, and 11 contained
p53-negative (null) STICs. Six of the 31 cases contained only one STIC
(four p53-positive, two p53-negative), while the remaining 25 cases
contained at least two STICs (16 p53-positive, nine p53-negative) of
which two per case were used for analysis; therefore, 56 STICs in total
were examined in this study. Multiple STICs in one tissue section pre-
sented an opportunity to examinewhether STMN1 and p16 immunore-
activity is concordant across multiple lesions in the same patient. In the
25 cases where two arbitrary STICs were evaluated, the in situ lesions
were marked “A” and “B” by one author (MN) to ensure that the same
lesionswere evaluated bymultiple subsequent reviewers. For statistical
analyses, only one STIC per casewas used (unless comparing group A to
groupB), and the STICs used fromeither groupA or Bwere selected ran-
domly using the “RANDBETWEEN” function inMicrosoft Excel. Twenty-
four of the 31 total cases with STIC also contained an invasive tumor
component (17 p53-positive, seven p53-negative). Of note, there were
three cases, which contained STICs with no evidence of invasive HGSC
in the tubes or in the peritoneum (marked “in situ” in Supplemental
Table 1). Morphologically normal tubal epithelium consisting of secre-
tory and ciliated cells was represented in every case.

2.2. Immunohistochemistry

Immunohistochemical staining was performed using Envision Plus
Horseradish Peroxidase system (DAKO, Carpinteria, CA, USA) as previ-
ously described [16]. Sections were incubated with primary antibody
using the conditions specified in Supplemental Table 2. Secondary anti-
bodywas applied for 30min, followed byDAB. Studieswere interpreted
in conjunction with appropriate positive (Supplemental Table 2) and
negative (incubation without a primary antibody) controls. Additional-
ly, scattered cell immunoreactivity by all biomarkers in non-neoplastic
epithelium was used an internal positive control.

2.3. Analysis of p16 and STMN1 immunostaining

The p16 and STMN1 immunostains were scored independently by
four individuals (MN, AMK, MSH, RD), to evaluate the extent of immu-
noreactivity (percent of positive cells). STICs (single or multiple) and
invasive carcinomas were marked accordingly on the H&E slides as
described above. The scoring criteria for p16 and STMN1 were adopted
fromPhillips et al. [19] and Karst et al. [16], respectively (summarized in
Supplemental Table 3). In brief, the distribution of immunoreactivity
for both p16 and STMN1 was scored semiquantitatively as follows: 0
(negative or occasional positive cells), 1+ (b10% cells positive), 2+



Table 2
STMN1 and p16 expression has high overall concordance rate in multiple STICs from the
same patient.

STIC B

STMN1-positive STMN1-negative Total Concordance
rate: 92%
(23/25)

STIC A STMN1-positive 20 1 21
STMN1-negative 1 3 4
total 21 4 25

STIC B

p16-positive p16-negative Total Concordance
rate: 80%
(20/25)

STIC A p16-positive 18 2 20
p16-negative 3 2 5
total 21 4 25
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(10%–75% cells positive) and 3+ (76%–100% cells positive). Lesions
scored as 0 and 1+ were considered “negative”, and those scored as
2+ and 3+ were considered “positive”. All cases of discordant scoring
were reviewed simultaneously and the final score was determined by
consensus.

2.4. Statistical analysis

Statistical analysis was performed using GraphPad Prism 6
(GraphPad Software Inc., La Jolla, CA, USA). Differences in STMN1 or
p16 expression between p53-positive and p53-negative STICS were ex-
amined using Fisher's exact test. Difference between STMN1-positive
and p16-positive STICs regardless of p53 status was examined using
Fisher's exact test. Difference in immunoreactivity for p16 or STMN1
in morphologically normal epithelium, STIC, and invasive carcinoma
was examined using a Chi-square test. Concordance between STMN1
or p16 expression in paired STICs from the same case was calculated
as the ratio of concordant cases to total cases, and McNemar's test
was used to compare the paired proportions. For all analyses, p
values b 0.05 were considered statistically significant.

2.5. Cell culture, gene silencing and Western blot

FT282-CCNE1, an immortalized human tubal epithelial line stably
expressing human telomerase reverse transcriptase (hTERT), mutant
p53R175H, and cyclin E1 (CCNE1) was derived and grown as previously
described [20]. COV318, Kuramochi, OVKATE, EFO27, and JHOS2 are
human ovarian cancer lines, which were recently identified as good
models for high-grade serous ovarian cancer based on their genomic
profiles [21]. These cell lines were grown in DMEM/F12 supplemented
with 10% FBS. For siRNA-mediated silencing of TP53, the cells were
plated and 24 h later transfected with pooled siRNAs targeting TP53,
or with non-targeting control pool using Lipofectamine RNAiMAX
(Life Technologies, Carlsbad, CA, USA). The siRNAs (SMARTpool ON-
TARGET Plus TP53 siRNA, and Control pool siRNA) were purchased
from Dharmacon (Lafayette, CO, USA). Three days after transfection
with siRNA, the cells were lysed using NETN 150 lysis buffer, prepared
as previously described [16]. Proteins were separated by SDS-PAGE on
4–12% Bis–Tris gels and transferred onto nitrocellulose membranes
(Invitrogen, Carlsbad, CA, USA). The membranes were blocked with 5%
BSA in PBS-Tween20 for 1 h and immunoblotted overnight at 4 °C
with primary antibodies as described in Supplemental Table 2. The
blots were then incubated with the appropriate HRP-conjugated sec-
ondary antibodies diluted in 5% non-fat dry milk, for 1 h at room tem-
perature. Pierce ECL2 chemiluminescent substrate (Thermo, Rockford,
IL, USA) was used to visualize the bound antibody. To compare STMN1
protein levels in the presence or absence of endogenous mutant p53,
p53-null cell ovarian cell lines SKOV3 and OVCAR5, and mutant-p53-
expressing OVCAR3 were grown and assayed by immunoblot as de-
scribed above. To prepare cytologic cell blocks, primary HGSC cells
(DF23, DF30, DF59, and DF94), derived from malignant ascites, were
fixed in 10% buffered formalin and embedded in HistoGel (Richard-
Allan Scientific). The HistoGel-embedded cells were then processed,
sectioned, and stained as described above for regular tissue sections.

3. Results

3.1. Overall biomarker expression in STICs and invasive carcinomas

The primary objective of this study was to compare STMN1 and p16
expression in non-neoplastic FTE, p53-positive and p53-negative STICs,
and associated invasive HGSCs. As expected,morphologically normal FT
epithelium showed heterogeneous nuclear immunoreactivity for p53 in
scattered cells, and the Ki-67 proliferation index was below 5% (Fig. 1A,
F, U). In contrast, 20 of 31 (65%) STICs, and 17 of 24 (71%) invasive car-
cinomas overexpressed p53, while Ki-67 was elevated in all cases, but
was generally higher in invasive carcinomas when compared to STICs.
p53 expression, when present in an invasive carcinoma, was also posi-
tive in the corresponding STIC(s); similarly, all p53-negative invasive
carcinomaswere associatedwith p53-negative STICs (Fig. 1G–J). In con-
trast, STMN1 and p16 were immunoreactive in 84% (26/31) and 77%
(24/31) of STICs, respectively. Of these cases, 3 lesions were STMN1-
positive/p16-negative and 4 additional lesions were STMN1-negative
and p16-positive. Invasive carcinomas were positive for both, STMN1
and p16 in all but three cases (21/24, 88%) (Fig. 1L–O, and Q–T). These
findings demonstrate that STMN1 and p16 have higher sensitivity for
STICs and invasive carcinomas when compared to p53, but there is no
significant difference when compared to each other (Table 1).

3.2. STMN1 and p16 are overexpressed in p53-positive and p53-negative
STICs

Next, STMN1 and p16 expressionwas compared in p53-positive and
p53-negative STICs. Results of the scoring are summarized in Table 1
(p*). As expected based on previous reports, in morphologically normal
epithelium, regardless of p53-status, the secretory cells stained negative
for STMN1 and p16, although in several cases p16was overexpressed in
ciliated cells (Fig. 1P, inset). Immunostaining for STMN1was positive in
17/20 (85%) p53-positive STICs and in 9/11 (82%) p53-negative STICs;
however, this was not significantly different (Table 1). Similar to
STMN1, immunostaining for p16 was positive in 17/20 (85%) p53-
positive STICs and in 7/11 (63%) p53-negative STICs. As with STMN1,
there was no significant difference between p53-positive and p53-
negative STICs that were positive for p16 (Table 1). Finally, STMN1
and p16were each overexpressed in 16/17 (94%) p53-positive invasive
carcinomas, while in p53-negative invasive carcinomas STMN1 was
overexpressed in 7/7 (100%), and p16 in 6/7 (86%) cases.

3.3. Both biomarkers are overexpressed in STICs and corresponding invasive
carcinomas

There was no significant difference in STMN1 or p16 overexpression
between STIC and corresponding invasive carcinoma. The Chi square
statistic showed a strong association between STMN1 or p16 overex-
pression in STIC or invasive carcinoma versus morphologically normal
epithelium (p b 0.001, Chi-square, Table 1).

3.4. Both markers are concordantly overexpressed in multiple STICs within
the same case

The overall STMN1 or p16 concordance rate between two STICs
(N = 25, group A versus group B) from the same case was 92% and
80%, respectively (Table 2). Additionally, in the 22 cases with multiple
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Fig. 1. STMN1 and p16 expression in (A)morphologically benign fallopian tube epithelium (FTE), (B and C) p53-positive STIC and invasive carcinoma and (D and E) p53-negative STIC and
invasive carcinoma. (F) Occasional weak nuclear p53 staining in normal FTE, (G, H) strong diffuse nuclear p53 staining in p53-positive STIC and the concomitant invasive carcinoma and
(I, J) absent p53 staining in p53-negative STIC and invasive carcinoma (scattered positive stromal cells serve as internal positive control). (K–O) STMN1, and (P–T) p16 staining is absent
in normal FTE but strongly induced in both, p53-positive, and p53-negative STICs and invasive carcinomas. (P—inset) p16-positive staining in a subset of ciliated cells present inmorpho-
logically benign FTE. (U–Y) focal nuclear Ki-67 staining identifies proliferating cells.
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STICs and concomitant invasive carcinoma, STMN1 andp16 overexpres-
sion was concordant in all three lesions (both STICS and the invasive
HGSC) in 20 (91%) and 17 (77%) cases respectively (Table 3). There
was only one case where one STIC was negative for both STMN1 and
p16 (Table 3; Patient 23), while the second STIC was p16-positive.
Most importantly, of the 25 patients examined with ≥2 STICS, there
were no cases where both markers were absent in both STICs. Of all
56 STICs (6 single STICs plus 25 paired STICs), thirty-seven (66%) were
positive for both STMN1 and p16. Simultaneous overexpression of
STMN1 and p16 in morphologically normal epithelium was not
observed.

3.5. STMNand p16 overexpression is retained after acute loss of mutant p53

It was previously reported that mutant p53 and STMN1 expression
are functionally related. Using two breast adenocarcinoma cell lines,
Masciarelli et al. demonstrated that siRNA-mediated knockdown of
p53 resulted in a concomitant decrease in STMN1 [27]. Masciarelli
et al. proposed that mutant p53 increases stability of the STMN1 tran-
script, leading to STMN1 protein overexpression. To address this possi-
bility, STMN1 expression was evaluated in the presence and absence of
siRNA-mediated knockdown of p53, using multiple cell lines with
known missense mutations in TP53, including an immortalized tubal
cell line (FT282-CCNE1), and ovarian cancer cell lines that express
four different hotspot p53 mutants (COV318, Kuramochi, OVKATE,
and EFCO27). As expected siRNA-mediated knockdown of p53 effec-
tively decreased or abolished p53 protein expression below detection
in all examined cell lines (Fig. 2A). In contrast, STMN1 protein levels
remained unchanged or were modestly elevated with siRNA-mediated
knockdown of p53. To further examine the proposed dependence of
STMN1 overexpression on mutant p53, we compared STMN1 protein
expression in HGSC cell lines and in primary tumor cells expressing
common missense (hotspot) p53 mutants and in p53-null cells. West-
ern blot analysis of cell lysates and immunohistochemical analysis of
cytology cell blocks showed comparable levels of STMN1 in all cell
lines regardless of their p53 status (Fig. 2B and C).

4. Discussion

STIC has emerged as an important precursor lesion in pelvic serous
carcinogenesis [15]. Accordingly, an accurate diagnosis of STIC has sig-
nificant clinical utility in at least two settings: in establishing the puta-
tive site of tumor origin in patients with HGSC (which is important for
clinical trial eligibility), and for the correct assignment of cancer risk sta-
tus in high risk women who are undergoing prophylactic RRSO, but are
otherwise healthy [15]. Optimal recommendations for women with
STIC lesions are still evolving, but accurate diagnosis of the index lesion
will be key to developing optimal therapeutic interventions.

Image of Fig. 1


Table 3
Expression patterns of STMN1 and p16 in all scored lesions.

C ases  w ith multiple  STIC s  and invasive  HG SC

Patient 
#

p53

Normal 
e pithelium

STIC  A  STIC  B  Invasive HG SC 

STMN1 p16 STMN1 p16 STMN1 p16 STMN1 p16

1 scored as negative  

2 scored as positive 

3 not present in the section  

4

5

6 B old framing marks 

7 a randomly selected  STIC 

8 (from group A or B)

9

10

11

12

13

14

15

16

17

18

19

20

21

22

C ases  w ith only one STIC , or w ithout invasive  HG SC  

23

24

25

26

27

28

29

30

31
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Previous studies have revealed considerable interobserver variabili-
ty in diagnosing STICs based exclusively on the histologic criteria [13,
15]. Carlsson et al. [15] demonstrated that the inherent complexities
of the salpingeal epithelium, including non-neoplastic histologic fea-
tures, increase interobserver variability when STICs are diagnosed
based on morphology alone. The study emphasized incorporation of
confirmatory IHC to the diagnosis of STIC [15]. This prompted the devel-
opment of a more reproducible, diagnostic algorithm for STIC, which in
addition to the presence of high-grade nuclear atypia, also requires co-
ordinate immunohistochemical expression of p53 and Ki-67 [13,15].
However, the use of these biomarkers has several practical limitations.
In our experience, many STICs exhibit only a marginally elevated Ki-
67 proliferation index (N10% positive nuclei), not uncommonly against
a background of scattered Ki-67-positive cells in adjacent morphologi-
cally normal epithelium. Moreover, 20%–50% of STICs stain completely
negative for p53, due to mutations that result in truncated or complete
loss of the p53 protein, neither of which would be detected by the p53
antibody. Consequently, diagnosis of “p53-negative” STICswithmargin-
al Ki-67 index is problematic, which necessitates the development of
adjunct immunohistochemical markers.
The findings of this study support that STMN1 and p16, two proteins
previously, yet independently, shown to be upregulated in p53-positive
early and advanced serous carcinoma [13,16,17,22,23], are over-
expressed in the majority of p53-positive and p53-negative STICs, and
in concomitant invasive carcinomas. In this study, 84% of STICs and
96% of invasive carcinomas were positive for STMN1, compared to
100% of positive STICs and invasive carcinomas evaluated in a prior
study [16]. In contrast, Sehdev and colleagues reported diffuse p16 im-
munoreactivity in only 55% (18/33) of STICs [17], which is lower than
the 87% observed in this study. However, unlike the Sehdev study, in
the current study, STICs were scored p16-positive when both diffuse
and focal p16 immunoreactivity was present. This more inclusive cate-
gorization explains the higher incidence of p16-positive STICs. Further-
more, the incidence of p16-positive invasive HGSCs (92%) reported here
corresponds well with the study by Phillips et al. [19], in which exactly
95% of HGSCs contained 10% or more p16-positive cells. In the current
study, both STMN1 and p16 were evaluated concurrently, and it is im-
portant to note that although not every STICs or invasive carcinoma
scored double-positive for STMN1 and p16, no case was negative for
both proteins. Therefore, overexpression of at least one of the proteins
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Fig. 2. STMN1 is expressed at comparable levels in the presence or absence of common p53 mutant variants. (A) STMN1 does not decrease following TP53 knockdown with siRNAs in
immortalized tubal epithelial cells (FT282) or serous ovarian tumor cell lines, expressing commonmissense p53mutants. (B) STMN1 expression in serous ovarian tumor cell lines devoid
of full-length p53 or expressing amissense p53mutant. (C) Immunohistochemical analysis of cytologic cell blocks detects comparable levels of STMN1 in p53-null primary HGSC cells and
in cells expressing common missense p53 mutants.
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positively identified 100% of STICs, as well as invasive carcinomas, re-
gardless of their p53 status. These findings demonstrate the potential
of the combined use of STMN1 and p16 as sensitive and universal
markers for intraepithelial and invasive serous carcinoma. However, a
potential pitfall includes overexpression of STMN1 in the absence of
p16 and p53 immunoreactivity, as STMN1 immunoreactivity also
marks benign epithelial proliferations, termed secretory cell outgrowths
(SCOUTs) [24]. However, unlike STICs and invasive carcinomas, SCOUTs
do not contain TP53 mutations or evidence of a DNA damage response,
and do not appear directly linked to HGSC [24]. To avoid potential over-
diagnosis of SCOUTs rather that the precursor STIC, we recommend that
lesions have simultaneous overexpression of STMN1 and p16, rather
than STMN1 alone, and this be used when either diffuse p53 positivity
(or complete loss) is present. Lastly, STMN1 and p16 were found to be
overexpressed in a higher proportion of invasive carcinomas when
compared to STICs. Although this difference was not statistically signif-
icant due to small numbers, it suggests a direct correlation between
tumor progression and overexpression of STMN1 and p16.

There is convincing evidence that the molecular status of each
neoplasm is related to its biologic behavior [25]. Overexpression of
STMN1 and p16 observed in the majority of STICs and invasive serous
carcinomas, suggests that aberrant expression of these proteins is
not specifically tied to presence of either missense, or non-sense/
truncating TP53 mutations characteristic of p53-positive, or p53-

Image of Fig. 2
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negative lesions, respectively. However, recent data indicate that some
of the most common mutant p53 proteins have, in addition to losing
tumor suppressor function, acquired a gain-of-function: these mutants
drive tumor progression and metastasis, which are in part a result of
their ability to interfere with DNA repair and with the function of
other p53 familymembers [26]. Recently, Masciarelli et al. [27] reported
that gain-of-function p53mutants upregulate STMN1 via transcription-
al repression of miR223, as demonstrated by siRNA-mediated knock-
down of p53, which resulted in a concomitant decrease in STMN1
protein levels. Their studies, conducted in breast cancer cell lines,
showed that STMN1 overexpression in this context contributed to the
resistance to DNA-damaging chemotherapeutic drugs. Considering
these reports, we examined whether acute loss of mutant p53 would
elicit a concomitant downregulation of STMN1 in cell lines derived
from invasiveHGSC and an immortalized tubal cell line FT282. Although
siRNA-mediated knockdown of p53 effectively decreased or abolished
p53 expression, STMN1 protein levels remained unchanged or were
modestly elevated. It is possible that this discrepancy between the re-
sults obtained in breast cancer lines and our results is a consequence
of lineage-specific function ofmutant p53. To go beyond the acute effect
of siRNA-mediated p53 knock-down,we also compared STMN1 expres-
sion in cultured and primary HGSC cells, which were either p53-null or
expressed a known hotspot p53missensemutant. Using both immuno-
blot and cell block immunochemistry, we showed that regardless of p53
status (positive, or negative), all cell lines exhibited comparable immu-
noreactivity to STMN1. It remains to be determined whether STMN1
and p16 expression directly contributes to fallopian tube transforma-
tion and chemoresistance, however, as shown in this study; both pro-
teins when co-expressed could serve as robust markers for diagnosis
of STICs (or biologically similar lesions) and invasive HGSCs.

Although the majority of STICs analyzed in this study were found in
women with concurrent invasive serous carcinoma (N = 28), three
cases (10%) involved STICs found in isolation, with no evidence of inva-
sive carcinoma (Supplemental Table 1, Patients 23, 30, 31). STMN1 was
overexpressed in one, and p16 in two of the three STICs analyzed
(Table 3). The proportion of isolated STICs reported here is in line
with the reported 5–10% of isolated STICs, which are usually found inci-
dentally or in connection with risk-reducing gynecological surgeries,
performed for BRCA1/2-positivewomen. Indeed, two of the three isolat-
ed STICs in this study were BRCA1 positive, while the remaining one
was BRCA1 wild-type. It has been shown that HGSCs harboring BRCA1
or BRCA2mutations aremolecularly, biologically, and clinically different
fromeach other and fromBRCAwild-type tumors [12,28,29]. At themo-
lecular level, BRCA1 or BRCA2 mutations are associated with marked
changes in gene expression patterns and with gene copy number
alterations [12]. In addition, disruption of the BRCA pathway, due to
mutation or promoter methylation, is inversely correlatedwith amplifi-
cation of Cyclin E1 or loss of RB1, which are found in approximately 30%
of HGSCs [30]. BRCA1/2 pathway dysfunction and Cyclin E1 amplifica-
tion both promote genomic instability and tumor progression albeit
along two mutually exclusive molecular avenues [30]. Unfortunately,
the low number of BRCA-positive STICs in this study precludes estab-
lishment of significant observations. However, given the distinct molec-
ular biology and potential differences in pathogenesis of BRCA-positive
and BRCA wild-type lesions, application of the algorithm developed
here to BRCA-positive women with isolated serous intraepithelial
neoplasms will require further study to determine the outcome risk in
this group.

In summary, we have demonstrated that STMN1 and p16 are
overexpressed in both p53-positive and p53-negative STICs and inva-
sive HGSCs, while combined expression of both proteins is rare in mor-
phologically normal tubal epithelium. These results credential STMN1
and p16 as adjunct immunohistochemical markers that could be
added to p53 and Ki-67 stains used in the current diagnostic algorithm.
The additional redundancy of the IHC arms helps to compensate for
practical limitations of p53 and Ki-67 that complicate the diagnosis of
approximately one third of STICs. The discriminatory capacity of p16
and STMN1 could be particularly powerful in identifying or diagnosing
p53-negative STICs with marginally elevated Ki-67 index and border-
line atypia or p53-negative STICs within reactive/proliferative epitheli-
um where the utility of Ki-67 index is limited.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ygyno.2015.07.100.
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