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Abstract

Background:

Pelvic high-grade serous carcinoma (HGSC) has been postulated to arise via a stepwise accumulation of
(epi)genetic alterations through secretory cell outgrowth (SCOUT), p53 signature, and serous tubal
intraepithelial carcinoma (STIC) to invasive HGSC. The aim of this study is to investigate the alterations
in the p53 and CD44v9 expression and the status of Ki-67 labeling index in a series of fallopian tube lesions
of HGSC patients.

Methods:

A total of 45 specimens were analyzed in 16 patients with HGSC, and their lesions were categorized as
follows: morphologically normal fallopian tube epithelium (FTE, n=6 samples), SCOUT (n = 5), p53
signature (n = 4), dormant STIC (n = 8), active STIC (n = 6), and HGSC (n = 16). Morphological features
and immunohistochemical expression patterns of p53 protein, CD44v9 protein and Ki-67 antigen were
blindly evaluated by two pathologists.

Results:

Increased nuclear p53 protein accumulation was observed in the p53 signature, dormant STIC, active STIC
and HGSC compared with normal FTE and SCOUT (P<0.001). Immunohistochemistry (IHC) scores of
CD44v9 protein expression were significantly higher in normal FTE, SCOUT and p53 signature than in
dormant STIC, active STIC and HGSC (P<0.001). Both active STIC and HGSC had significantly higher
Ki-67 labeling indices than normal FTE, SCOUT, p53 signature and dormant STIC (P<0.001). CD44v9
loss contributes to the stepwise progression of p53 signature to dormant STIC.

Conclusions:

In conclusion, the p53 mutation followed by CD44v9 loss may be involved in the evolution of STIC, which

may confer positive clonal selection with a growth and survival advantage.

Key words: TP53; CD44v9; Ki-67; Serous tubal intraepithelial carcinoma (STIC); High grade serous
carcinoma (HGSC).



Introduction

It is widely accepted that pelvic high-grade serous carcinoma (HGSC) develops through multistep
(epi)genetic mutations from precursor lesions in the distal portion of the fallopian tube . Putative
precursor lesions of HGSC include secretory cell outgrowth (SCOUT), p53 signatures and serous tubal
intraepithelial carcinoma (STIC), which would progress to invasive HGSC 'Y, The SCOUT is defined as a
discrete expansion of at least 30 secretory cells without p53 nuclear staining '°. p53 signature is defined as
benign-appearing tubal epithelial cells with p53 protein accumulation and proposed as a tubal precursor for
STIC ", STIC is an intraepithelial noninvasive lesion showing significant atypia that is formed in the distal
fallopian tube epithelium (FTE) and plays a key role in the early stages of HGSC carcinogenesis 2. Based
on the proliferative activity, STIC lesions are divided into two types: dormant STIC (or serous tubal
intraepithelial lesion [STIL]) and active STIC (or proliferative STIC) that can be characterized by
differential staining of Ki-67 antigen '*. Although recent genomic and molecular data are transforming our
understanding of the steps of HGSC tumorigenesis and their relationship to one another >713, the detailed
sequence of (epi)genetic alterations in the carcinogenesis process remains unknown.

Epidemiological studies showed that incessant ovulation and repeated hemorrhage have been
linked to the development of HGSC ®'*, Ovulation fluid and hemorrhage contain prostaglandins,
hemoglobin, heme, and iron, which induce reactive oxygen species (ROS). Excessive oxidative stress can
cause increased DNA damage and impaired DNA repair °. To establish a redox balance, cells exert
antioxidant defense systems that detoxify elevated ROS levels '*. Dysregulation of ROS due to reduced
antioxidant defense systems may be an important etiological factor for the accumulation of (epi)genetic
alterations in precancerous lesions, leading to HGSC tumorigenesis . Among a variety of proteins involved
in the redox regulation, we focused on the expression of CD44v9, a splice variant isoform of CD44.
CD44v9 stabilizes the glutamate-cystine transporter xCT (also known as SLC7A11 [solute carrier family 7
member 11]), thereby inducing de novo synthesis of glutathione antioxidant peptide inside cells and
decreasing intracellular levels of ROS !¢, Down-regulation of CD44v9 protein may be associated with
malignant transformation of endometriosis, including ovarian clear cell carcinoma and endometrioid
carcinoma '’. However, there have been no reports on the spatial and temporal expression of CD44v9 during
the multi-stage carcinogenesis or stepwise progression from precursor lesions to HGSC. The aim of this
study is to evaluate the morphological features and immunohistochemical expression status of p53, CD44v9
and Ki-67 in HGSC tumorigenesis. We found for the first time that CD44v9 loss may be an early event

during the stepwise progression from p53 signature to dormant STIC.

Materials and Methods
Patient and tissue samples
Approval was obtained from the Nara Medical University Institutional Ethics Review Board (no. 2575).

The study complied with the Declaration of Helsinki. Written informed consent was obtained from all



patients.

Following institutional review board approval, patients with primary pelvic HGSC who attended
Nara Medical University Hospital, Kashihara, Japan from January 2015 to December 2017 were surveyed.
Exclusion criteria were patients who received preoperative chemotherapy or immunotherapy. A total of 45
formalin-fixed paraffin-embedded specimens from 16 patients with HGSC (10 ovarian, 4 peritoneal and 2
fallopian tube carcinoma) were obtained from the surgical pathology archives. Their fallopian tube lesions
were categorized as follows: morphologically normal FTE (n=6 samples), SCOUT (n = 5), p53 signature
(n =4), dormant STIC (n = 8), active STIC (n = 6), and HGSC (n = 16). For example, if a lesion with ‘p53
signature’ and a lesion with ‘active STIC” were present on one slide, we counted the number of lesions as
two. There were only 6 lesions in which morphologically normal FTE was observed in HGSC patients.
Therefore, morphologically normal FTE from 5 patients who underwent total hysterectomy and salpingo-
oophorectomy for benign diseases (uterine fibroids) were included in the analysis as a control. A total of 11
normal FTE specimens were examined. These patients were diagnosed with sporadic ovarian cancer
because none of them met the criteria for hereditary breast and ovarian cancer (HBOC). All precursor
lesions adjacent to normal-appearing FTE were discontinuous with HGSC in any slide analyzed. The
definitions of SCOUT, p53 signature and STIC have been reported in refs. ''"1*% Dormant STIC is
morphologically similar to serous tubal intraepithelial lesion (STIL), characterized by cytological atypia
and low proliferative activity (Ki-67 labeling index <10%) '*. Active STIC is a pathomorphologically
(significant nuclear atypia and architectural alterations) and immunohistochemically (p53 protein
accumulation and high Ki-67 labeling index >10%) detectable-lesien, located in the fimbriated end of the

fallopian tube in most patients ',

Immunohistochemical staining

These specimens were fixed in 10% buffered formalin and embedded in paraffin. The standard tissue
paraffin block was sectioned at 4 pm for immunohistochemistry. Prior to staining, sections were
deparaffinized in xylene and rehydrated in ethanol. After pretreatment using a microwave with 10 mM
citrate buffer, pH 6.0, at 95°C for 20 minutes, sections were incubated with 3% hydrogen peroxide for 5
min to quench endogenous peroxidase and then incubated with the primary antibody overnight at 4°C. The
primary antibodies used included mouse monoclonal anti-p53 (dilution, 1:50; clone DO-7, NCL-p53-DO7,
Leica Biosystems, Newcastle, United Kingdom), mouse monoclonal anti-human Ki-67 antigen (dilution,
1:2; clone MIB-1, 18626, Dako, CA, USA) and mouse monoclonal anti-CD44v9 antibody (dilution, 1:400;
clone CD44v9, Cat No. GTX34523, GeneTex, CA, USA). As a control for nonspecific binding of the
secondary detection system, a slide in which control mouse or rabbit immunoglobulin G (Dako) was applied
instead of the primary antibody was included from each block. Specimens of squamous cell carcinoma of
the uterine cervix served as an equivalent positive control. Positive and negative controls were routinely

included. The Envision" solution for mouse and rabbit (Dako) was then applied for 30 minutes at room



temperature. The reaction products were observed using 3-3’-diaminobenizidine tetrahydrochloride (Sigma
Chemical Company, St. Louis, Mo) and H:0, The sections were then lightly counterstained with

hematoxylin.

Assessment of immunohistochemical staining,

Protein expression was independently evaluated by two pathologists (Sumire Sugimoto and Tomoko
Uchida) who were blinded to all of the clinicopathological variables. p53 immunostaining shows at least
three staining patterns (overexpression, complete absence, normal/wild-type). The results of p53
immunostaining were interpreted according to ref. '°, Overexpression, complete absence or normal/wild
type staining predicted gain-of-function, loss-of-function (stopgain, indel, splicing) or no detectable TP53
mutations, respectively 2. Cells showing nuclear staining of p53 were considered to be positive, whereas
cells without nuclear staining or with cytoplasmic staining were considered to be negative. The percentage
of cells with positive immunostaining was tabulated in each lesion. The p53 positivity was defined as a
distinct nuclear immunoreaction in >75% of the cells of the sample. In three samples, p53 expression was
completely absent, which was interpreted as abnormal/mutation-type and recorded as ‘positive’
(Supplemental Tablel). The CD44v9 positivity was evaluated as a semiquantitative immunohistochemical
(IHC) staining score as described previously ?'. Immunostaining intensity was classified as 0 (absent), 1
(weak, positivity observed at 400x), 2 (intermediate, positivity observed at 100x), or 3 (strong, positivity
observed at 40x). The percentage of cells (from 0 to 100) was multiplied by the corresponding intensity
(from 0 to 3) to obtain IHC score in the range of 0 to 300 ?!. The Ki-67 positivity (Ki-67 labeling index)

was defined as a distinct nuclear immunoreaction in >10% of the cells within each lesion 22,

Statistical Analysis

Statistical analysis was conducted using SPSS software (version 22.0, SPSS Inc., Chicago, IL). Not all of
IHC scores in groups, categorized fallopian tube lesions and HGSC, show normal distribution by using
Shapiro-Wilk analysis. The significance of the difference of the immunohistochemical expression status
Differences-of HHC seore among groups were analyzed by Kruskal-Wallis test. For significant Kruskal-
Wallis tests, pairwise comparisons utilized the Steel-Dwass test. Further, Mann-Whitney U test was used
comparing between two groups. The optimal cut-off value for CD44v9 IHC staining score were determined
using the receiver operating characteristic (ROC) curve. For chi-square test, Pearson’s chi-square test or

Fisher’s exact test were applied. P value of less than 0.05 was considered statistically significant.

Results
Baseline characteristics of study population.
Forty-five paraffin-embedded specimens were obtained from 16 patients with pelvic HGSC (10 ovarian, 4

peritoneal and 2 fallopian tube carcinoma) who underwent surgery in the hospital. Furthermore, normal



FTE tissue from five fibroid patients was included. Detailed information for all patients is provided in
Supplemental Table 1. The age of the patients with fibroids ranged from 38 to 65 years, with a median of
57 years. The age of the HGSC patients ranged from 41 to 79 years, with a mean of 60 and a median of 59
years. At the time of diagnosis, 81.3% of patients had stage III or worse state of HGSC. Fallopian tube
lesions analyzed were located closest to or within 10 mm from the fimbriated end of the fallopian tube. The

demographic and clinicopathologic data of the study population are presented in Table 1.

Immunohistochemical expression status of p53, CD44v9 and Ki-67.

We investigate the expression of p53 protein, CD44v9 protein and Ki-67 antigen in fallopian tube lesions
and HGSC lesions using immunohistochemistry and clarify the correlation of the expression of these
markers. Representative images of immunohistochemical staining are shown in Figure 1, and the results
are numerically shown in Table 2. We confirmed that there was no signifieant difference in the
immunohistochemical expression status of p53, CD44v9 and Ki-67 between morphologically normal FTE
(n=6) from patients with HGSC and that FTE (n=5) # from patients with benign diseases (data not shown).

First, three cases with p53 complete absence were included in 16 patients with HGSC
(Supplemental Table 1, case No. 7, 10 and 15). The p53 positivity was identified in HGSC and concomitant
p53 signature, dormant STIC and active STIC, but only scattered positive cells were present in normal FTE
and SCOUT (Figure 1, upper panel, Table 2). p53 signature, dormant STIC, active STIC and HGSC had
a significantly higher p53 protein accumulation than normal FTE and SCOUT (P<0.001). There was no
significant difference in the p53 protein accumulation among p53 signature, dormant STIC, active STIC
and HGSC (P = 0.342).

Second, there was a significant lower level of CD44v9 membrane staining and IHC score in
dormant STIC, active STIC and HGSC than in normal FTE, SCOUT and p53 signature (P<0.001) (Figure
1, middle panel, Table 2). Furthermore, the loss of CD44v9 staining coincided with the appearance of
malignant features such as significant nuclear atypia and architectural alterations.

Third, both active STIC and HGSC had a significantly higher Ki-67 index than normal FTE,
SCOUT, p53 signature and dormant STIC (P<0.001) (Figure 1, lower panel, Table 2). The Ki-67 index in
HGSC ranged from 20.0% to 70.0% (median was 40.0%) and the mean + SD was 43.4% % 13.5%. Active
STIC had a Ki-67 index ranging from 30.0% to 50.0%, with a median index of 35.0% and a mean + SD of
36.7% + 8.17%. There was no significant difference in the Ki-67 labeling index between active STIC and
HGSC (P=0.255). Dormant STIC had a low Ki-67 index, ranging from 0% to 5.0%, with a median index
of 1.0% and a mean + SD of 1.75% = 2.36%.

Finally, our data indicate that dual immunostaining for p53 and CD44v9 can reliably identify
p53 signature in fallopian tube lesions. Positive p53 / negative CD44v9 immunostaining is a highly specific
marker for differentiating dormant STIC, active STIC and HGSC from p53 signature. Twenty-nine (96.7%)
of the 30 cases, including 14 STICs and 16 HGSCs, was negative for CD44v9 immunostaining



(Supplemental Table 1, Only case 6 is positive for CD44v9). The combined effects of p53 mutations and
CD44v9 loss contributes to the progression of p53 signature to dormant STIC. Elevated Ki-67 labeling
index is involved in the stepwise evolution from dormant STIC to active STIC, in association with p53

mutations and CD44v9 loss.

Discussion
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carcinogenesis, based on analyses of precursor lesions, termed SCOUT, p53 signature, dormant STIC, and
active STIC lesions, offers the following possibility: HGSC carcinogenesis is a progressive multistep
process involving the sequential accumulation of genetic and epigenetic alterations; p53 genetic mutations,
followed by CD44v9 loss, then genetic alterations associated with increased Ki-67 labeling index. That s,
each alteration in the evolutionary trajectory of HGSC progression may be acquired independently and
sequentially. The expression of p53 protein, CD44v9 protein, and Ki-67 antigen was determined by
immunohistochemical analysis in morphologically normal FTE and precursor lesions of the fallopian tubes
from 16 patients with HGSC. We show that the fallopian tube lesions in HGSC patients displayed distinctive
immunophenotypes: 1) normal FTE and SCOUT demonstrated the p53/CD44v9*/Ki-67 expression; 2) p53
signature showed the p53*/CD44v9"/Ki-67 expression; 3) dormant STIC was the p53*/CD44v9/Ki-67
expression; and 4) active STIC and HGSC were the p53*/CD44v9/Ki-67" expression (Figure 1). These
immunostaining patterns can reliably identify malignant transformation during the sequential progression
from normal FTE and SCOUT to p53 signature, dormant STIC, active STIC, and then HGSC, thereby
narrowing the differential diagnosis and elucidating the mechanism of HGSC tumorigenesis. Figure 2
shows a schematic putative model of HGSC progression based primarily on the current
immunohistochemical model. The new finding of this study is that CD44v9 loss may be involved in the
progression from p53 signature to dormant STIC.,

First, the molecular alterations accumulate in a stepwise manner along the malignant
transformation process from normal FTE through precursor lesions to HGSC !, but the initial molecular
events that lead to transformation from p53 signature to dormant STIC and then active STIC remain poorly
understood '*. The majority of HGSC exhibited high levels of p53 immunoreactivity, and harbored
deleterious TP53 mutations **. Nakamura et al. reported that the SCOUT with TP53 mutations progresses
to HGSC via the p53 signature and STIC, indicating that TP53 mutations are associated with early events
in carcinogenesis of HGSC %. Our study also confirmed that the p53 protein accumulation increased with

the progression from SCOUT to p53 signature and then to STIC and invasive cancer.



Second, we explore factors involved in the progression from p53 signature to STIC, because
alterations in the p53 protein accumulation or p53 mutations alone do not cause significant nuclear atypia
and architectural abnormalities '*. Our group recently reported that CD44v9 loss may be involved in the
progression of endometriosis to type 1 ovarian cancer '7. Malignant transformation of endometriosis occurs
mainly through oxidative stress caused by hemorrhage. Similarly, since the fallopian tube epithelial cells
are also exposed to the recurrent reflux of menstrual shedding or incessant ovulation, we speculated that
redox imbalance is involved in HGSC carcinogenesis. Therefore, we focus on CD44v9 protein as a marker
for a sequential progression from normal FTE to precursor lesions and then HGSC. The expression of
CD44v9 was lost or significantly reduced in dormant STIC, active STIC and HGSC, suggesting that
CD44v9 loss takes part in the progression of p53 signature to dormant STIC (Figure 1). As a result of
positive clonal selection, the p53*/CD44v9" phenotype may be advantageous for survival (Figure 2).

We discuss why CD44v9 loss causes nuclear atypia and structural complexity. CD44v9 has been
identified as one of the cancer stem cell markers and contributes to ROS defense through up-regulation of
the intracellular antioxidant %26, The activation of antioxidant capacities provides protection against
oxidative stress and associated diseases, including cancer ?’. Thus, CD44v9 loss may promote
tumorigenesis by enhancing the ROS-induced DNA mutations, which may play an important role in the
evolution of STIC ., STIC is considered to be susceptible to impaired repair of DNA double-strand breaks,
exhibits DNA replication stress and increases genomic instability ®*®. The accumulation of genomic
instability, including chromosomal instability and copy-number alternations, causes large-scale genomic
alterations, leading to HGSC tumorigenesis .

Why does CD44v9 loss occur in the early stages of STIC lesions? Many regions of the genome
exhibit loss of heterozygosity (LOH) in HGSC 3’ Chromosome arms 11p13, 11p15.5, 11q24, 17p and
17q21 are considered to be regions of frequent LOH *. Since the CD44 gene was mapped to chromosome
arm 11pl3, CD44v9 loss may be due likely to LOH at 11pl3. Another possibility is that CD44v9
downregulation may be attributed to promoter hypermethylation 3"*2. Verkaik et al. reported that CD44 was
hypermethylated and transcriptionally silenced in prostate cancer, suggesting an important role in tumor
progression and metastasis **. However, hypermethylation of CpG islands of CD44v9 has never been
reported in HGSC.

To our knowledge, studies from several research groups have pointed out an opposite role of CD44v9.
Overexpression of CD44v9 contributes to the aggressive nature of many cancers, including gastric 3%,
esophageal *, cholangiocarcinoma 37, hepatocellular ® and prostate ** cancers, and significantly correlated
with the upregulation of p53 and Ki-67 expression **. The expression level of CD44v9 in tumor tissue is
significantly associated with the proliferation, invasion, epithelial-mesenchymal transition, aggressiveness
and poor prognosis -3, In contrast, our study revealed CD44v9 loss in active STIC and-HGSEC, The
relatonship-betveerepressiora LCDRO and imer e press so-dnentiHo oftroversit-situation.

This discrepancy may be due to differences in the function of CD44v9 in cancer and precancerous lesions.




CD44v9 contributes to ROS defenses. In cancer cells, the upregulation of CD44v9 expression is associated
with increased aggressive tumor phenotypes. On the other hand, in the early stage of malignant
transformation such as active STIC, CD44v9 silencing results in tubal epithelial cell damage due to
ovulation and hemorrhage-induced oxidative stress, causing the accumulation of additional genetic
alterations, which may be associated with an increased risk of future developing HGSC. However, there
are few reports on the importance of CD44v9 expression in precancerous lesions.

Finally, the Ki-67 antigen expression was involved in the stepwise fashion from dormant STIC
to active STIC. This finding is consistent with the previous study '. Ki-67 is one of the molecules that are
critical for evaluating the proliferation status and regulating cell cycle progression. Our study identified two
immunophenotypes of STIC: the p53*/CD44v97/Ki-67" subtype (mostly dormant STIC) and the
p537/CD44v9/Ki-67" subtype (mostly active STIC). Active STIC had significantly higher Ki-67 indices
than dormant STIC (P<0.01), reflecting the existence of tumor subclones with higher proliferative activity
and neoplastic progression. Concurrent alterations of p53 mutations, CD44v9 loss and high mitotic index
may be associated with a more proliferative immunophenotype in STIC. However, it is unknown at this
time which genetic alterations cause the malignant behavior of the dormant STIC to the active STIC, but
there are several possibilities. Few studies have analyzed the genetic and molecular alterations from
dormant STIC to active STIC !2, Subsequent to CD44v9 loss, deletion of the tumor suppressor genes located
within and in close proximity to known deleted area at chromosome arm 11p13 may cause malignant
behavior of dormant STIC to active STIC. A potential candidate gene at this locus is Wilms' tumor 1 (WT1),
a proposed tumor-suppressor gene, but this gene did not reveal any abnormalities in ovarian cancer *°.
Allelic imbalance for other tumor suppressor genes involving chromosome 11p13 may be an early event in
active STIC lesion formation. Alternatively, CD44v9 loss itself may cause an accumulation of mutations in
other genes and subsequent carcinogenesis, which may influence pre-neoplastic changes in gene expression
relevant to nuclear atypia, architectural alterations and tumor development.

In conclusion, STIC lesions may progress through the acquisition of sequential changes in p53
mutations, CD44v9 loss, and elevated Ki-67 expression. We propose the following hypothesis for multi-
stage carcinogenesis of HGSC: the progression from p53 signature to dormant STIC is caused by CD44v9
loss following p53 gene mutation. Subsequently, progression from dormant STIC to active STIC may
require additional genetic mutations that can trigger Ki-67 overexpression. Future studies are needed to
assess the underlying mechanism of CD44v9 loss and to identify the genetic mutations involved in the

transition from dormant STIC to active STIC during the process of carcinogenesis.
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Supplemental Table 1. Detailed baseline characteristics and immunohistochemical staining results

for each patient.

Table 1. Baseline characteristics of study subjects

Table 2. Immunohistochemical expression status in p53 protein, CD44v9 IHC score and Ki-67
labeling index in fallopian tube lesions and HGSC.

The significance of the difference of the immunohistochemical expression status obtained in paired
samples was estimated according to the Kruskal-Wallis test followed by the Steel-Dwass test. CD44v9
IHC score: Normal vs. dormant STIC, p=0.022; Normal vs. active STIC, p=0.039; Normal vs. HGSC,
p=0.010; SCOUT vs, dormant STIC, p=0.034; SCOUT vs. HGSC, p=0.011; and P53 signature vs. HGSC,
p=0.028. p53 protein: Normal vs. dormant STIC, p=0.018; Normal vs. active STIC, p=0.025; SCOUT vs.
dormant STIC, p=0.029; and SCOUT vs. active STIC, p=0.032. Ki-67 labeling index: Normal vs. active
STIC, p=0.040; Normal vs. HGSC, p=0.005; SCOUT vs. HGSC, p=0.010; P53 signature vs. HGSC,
p=0.026; Dormant STIC vs. active STIC, p=0.019; and Dormant STIC vs. HGSC, p=0.001.

Figure Legend.

Figure 1. Immunohistochemical expression status of p53, CD44v9 and Ki-67 in samples of normal
FTE, SCOUT, p53 signature, dormant STIC, active STIC, and HGSC.

This figure shows representative immunostaining results of p53, CD44v9 and Ki-67. The results of
immunostaining of normal FTE and SCOUT are negative for p53 expression (p53°), positive for CD44v9
expression (CD44v9"), and negative for the Ki-67 antigen (Ki-677).The p53 signature lesions are p53%,
CD44v9", and Ki-67 (black arrowhead). The dormant STIC lesions are p53*, CD44vY, and Ki-67 (black
arrowhead). Normal FTE adjacent to dormant STIC is p53-, CD44v9" and Ki-67 (white arrowhead). The
active STIC lesions are p53*, CD44v9", and Ki-67" (black arrowhead). Normal FTE adjacent to active STIC
is p537, CD44v9* and Ki-67 (white arrowhead).

Figure 2. A schematic putative model of HGSC progression based on sequential molecular alterations.
This figure illustrates the schematic immunophenotype model in an evolutionary pathway of HGSC
tumorigenesis. Normal fallopian tube epithelial cells express the CD44v9 protein to ameliorate oxidative
stress. Accumulation of p53 mutations is required for the development of p53 signature lesions. In addition,
CD44v9 loss may trigger the progression from p53 signature to dormant STIC lesions. The dormant STIC,
which has a clonal increase in proliferative capacity, can then promote carcinogenesis through active STIC
lesions. HGSC develops through a particular sequence of genetic alterations (p53 mutations, followed by

CD44v9 loss, and then Ki-67 overexpression). The evolutionary trajectory of HGSC progression indicates



a multistage carcinogenesis, as each alteration is acquired independently. red, nuclear p53 protein

accumulation >75%; blue, CD44v9 IHC score >150; and green, Ki-67 labeling index >10%.



Table 1.

Parameters HGSC patients  Controls
Age at diagnosis, median (range), year  59.0 (41-79) 57.0 (38-65)
Parity
0 1
1
>1 11 3

BMI, median (range), kg/m?2
Menopausal status
Yes
No
FIGO stage, patients number (%)
I
Il
[
Vv
Diagnosis
Ovarian
Peritoneal

Fallopian

22.0 (17.1-27.7)

i
4

2 (12.5)
1 (6.25)
10 (62.5)
3 (18.75)

10
4

26.3 (20.6-31.2)

Fibroids (n=5)




Table 2.

Protein expression normal FTE SCOoUT p53 signature dormant STIC active STIC HGSC p value
Total samples, n 11 5 4 8 6 16
p53 positivity n (%), median, range 0 (0%), 20.0, 5-40 0 (0%), 20.0, 10-25 4(100%), 92.5, 90-95 8(100%), 95.0, 80-95 6(100%), 95.0, 95-95 16 (100%), 95.0, 0-95 P<0.001***

CD44v9, IHC score median, range 270, 210-300 200, 200-300 250, 180-300 25.0, 0-140 3.00, 0-90 30, 0-120 P<0.0001***
Ki-67 positivity n (%), median, range 0 (0%), 2.0, 1-5 0 (0%), 0.0, 0-2 0 (0%), 1.0, 0-5 0 (0%), 3.5, 0-5 6 (100%), 35.0, 30-50 16 (100%), 40.0, 20-70 P<0.0001***
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Figure 2.
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