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Abstract

Introduction: Endometriosis is a benign gynecological condition that shares many characteristics with cancer cells, including immune
evasion, survival, adhesion, invasion, and angiogenesis. The simultaneous investigation of tissue hypoxia, EMT, and proliferative index
in endometriosis, endometrial, and ovarian carcinomas may provide new insight into the evolution and progression of gynecological
neoplasms.

Aim: The aim of our study was to follow the immunohistochemical expression in endometriosis, endometrial and ovarian carcinoma in
relation to tissue hypoxia and necrosis, EMT, proliferative index, and fibrosis.

Materials and methods: The present study used biopsy samples from 50 patients with endometriosis, endometrial carcinoma, and
ovarian carcinoma in search for a correlation between HIF-1a, Ki67, SMA, and E-cadherin expression and various clinicopathological
features.

Results: We observed heterogeneity and different intensity of immunohistochemical expression in different groups of patients. Immu-
nohistochemical expression was compared with the degree of tumor cell differentiation. Cells of poorly differentiated adenocarcinomas
showed a higher proliferative index with Ki67, presence of epithelial-mesenchymal transition with reduced expression of E-cadherin
with stronger expression of HIF-1a. Regarding SMA in pelvic and ovarian endometriosis foci, we reported strong diffuse expression in
stromal cells with marked fibrosis.

Conclusion: Understanding the mechanisms of carcinogenesis and progression of gynecological tumors and endometriosis is impor-
tant for prognosis, response to therapy, and possibly better treatment of patients.
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INTRODUCTION

and stroma outside the uterus.!') Ovarian cancer has been
shown to develop in 0.5%-1% of cases of ovarian endome-
Of women of reproductive age, 5% to 15% have endometri- triosis.”?! Clear cell carcinoma (CCC) is most commonly
osis, which is defined as the presence of endometrial glands  associated with ovarian endometriosis.
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Endometrial carcinoma is the most common gyneco-
logical malignancy. Pathologically, it is classified into two
groups, type I (endometrioid endometrial carcinoma)
which accounts for 70%-80% of cases, and type II (non-en-
dometrioid), including serous ones, and clear cell carcino-
ma.l®! Understanding the molecular alterations underlying
the endometrial carcinogenesis and progression may be
helpful in identifying new molecular therapeutic targets.
The current study sought to investigate the relationship
between immunohistochemical expression of HIF-1a,
epithelial, mesenchymal, and proliferative markers and
clinicopathological parameters in endometriosis, endome-
trial, and ovarian carcinomas.

Hypoxia-inducible factor-1 (HIF-1) expression can be a
marker of tissue hypoxia in solid tumors and can be used
for therapeutic purposes due to its role in the progression of
gynecological neoplasms.!*! In the literature, the results for
HIF-1a in gynecological cancers are not always consistent.

HIF-1a is the master regulator of cellular adaptation to
hypoxia. It is a heterodimeric transcription factor composed
of the HIF-1a and HIF-1f subunits.'®! Elevated levels of HIF-
la are observed in a number of human malignancies and are
associated with metastatic potential and poor prognosis.

Decreased expression of E-cadherin is associated with
positive EMT in tumor tissue and with proliferation, pro-
gression and metastasis, respectively, and a worse progno-
sis. In such cases, the tumors usually also have a high pro-
liferative index.

AIM

The present study was conducted to investigate the correla-
tion between HIF-1a expression in endometriosis and en-
dometrial carcinomas by immunohistochemical technique.
The expression of HIF-1a, Ki67, SMA and E-cadherin was
studied and a comparative analysis of their expression was
made in the three studied groups.

MATERIALS AND METHODS

Fifty patients were included in the current study and were
evaluated both prospectively and retrospectively. All of
them are from the biopsy array of the Department of Clin-
ical Pathology of Pulmed University Hospital in Plovdiv
for a period of five years (2019-2023). DAKO antibodies
were used.

All patients were operated on and diagnosed in the Clin-
ic of Obstetrics and Gynecology of Pulmed University Hos-
pital of Plovdiv. The biopsy materials were reviewed by two
independent pathologists to diagnose, the morphological
type and stage the tumor according to FIGO. The histolog-
ical and immunohistochemical investigation of the biopsy
materials was performed in the laboratory of the Morpho-
logical Center of the Department of General and Clinical
Pathology of the Medical University of Plovdiv.

Immunohistochemical analysis

The tissue was treated with standard histopathological
technique according to standard protocols, and semi-quan-
titative analysis of the results was performed. 4-um thick
paraffin sections were dewaxed and rehydrated through
descending alcohols. Hematoxylin-eosin staining was per-
formed according to standard methods. The immunohis-
tochemical study was performed according to standard
protocols. Immunohistochemistry was performed for the
protein markers HIF-1a, Ki67, SMA and E-cadherin.

An automatic immunostainer (Bond, DAKO) was used
following the manufacturer’s protocols.

Antibodies produced by Dako, Denmark and Abcam,
USA were used:

- rabbit monoclonal antibody against human HIF-1q,
1:100 dilution

We reported nuclear staining.

- mouse monoclonal antibody against human E-cadherin

We reported cytoplasmic and membranous staining.

- mouse monoclonal antibody against human Ki67

We reported nuclear staining.

- mouse monoclonal antibody against human SMA

Cytoplasmic and membranous staining were described.
DAB was used as the chromogen. An automated coloring
platform was used.

Expression estimation system

A semi-quantitative method was used to assess the im-
munohistochemical expression: 1%-10%=1; 10%-50%=2;
>50%=3.

Intensity of immunohistochemical expression: 0=miss-
ing; 1(+)=weak; 2(+)=moderate; 3(+)=strong.

We reported diffuse, focal, and heterogeneous expres-
sion patterns.

Statistical analysis

Descriptive and inferential statistics were performed. The
non-normally distributed data were expressed as median and
percentiles (25%; 75™). Comparisons between more than two
independent groups were carried out using the nonparamet-
ric Kruskal-Wallis test (H). Multiple-comparison post hoc
test was used if significant differences were found. Categori-
cal variables were presented as absolute/relative frequencies
(counts/%) and z-test was applied to test for difference of rel-
ative parts/shares between the groups. Statistical analysis of
the data was performed using SPSS v. 26 for Windows (IBM
Corp. Released 2019. Armonk, NY: IBM Corp). For all tests,
p-value <0.05 indicated statistical significance.

RESULTS

A retrospective analysis was conducted on a total of 296
cases from 2019 to 2023. Among these cases, a subset of 50
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was chosen for immunohistochemistry testing. The present
study examined a cohort of women, whose median age was
64.5 years (54; 71 years), who were categorized into three
distinct groups: 16 individuals (32.0%) diagnosed with en-
dometriosis, 17 individuals (34.0%) diagnosed with endo-
metrial carcinoma, and 17 individuals (34.0%) diagnosed
with ovarian carcinoma. A distribution was generated to
represent the number and proportion of patients in the three
groups within the designated time frame. A statistically sig-
nificant difference was seen in the age distribution of the pa-
tients under examination across different groups (H=16.44,
p=0.000). Following a post hoc analysis, it was seen that
patients diagnosed with endometriosis with a median age
of 51 years exhibited a statistically significant difference in
age when compared to patients diagnosed with endometrial
cancer, who had a median age of 68 years (p=0.002). Fur-
thermore, patients with endometriosis were also shown to be
statistically substantially younger than those diagnosed with
ovarian carcinoma, with a median age of 71 years (p=0.001).
There was no difference between the median ages of individ-
uals diagnosed with endometrial and ovarian carcinomas.

The proportion of the heterogeneous E-cadherin stain-
ing pattern in ovarian cancer (52.9%) was statistically sig-
nificantly higher compared to the other two groups, name-
ly endometriosis focus (6.3%) and endometrial carcinoma
(11.8%) (z-test, p<0.05). Additionally, the prevalence of
diffuse staining E-cadherin pattern was found to be sub-
stantially greater in cases of endometriosis (93.8%) and
endometrial carcinoma (88.2%) as compared to ovarian
carcinoma (47.1%) (z-test, p<0.05).

The results are shown in Table 1 and Fig. 1A.

In cases with reduced expression of E-cadherin, we re-
ported a positive EMT status, in case of preserved expres-
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sion — a negative EMT status.

The proportion of negative epithelial-mesenchymal
transition (EMT) in endometriosis (87.5%) was shown to
statistically significantly higher compared to ovarian can-
cer (23.5%) (z-test, p<0.05). Furthermore, the statistical
analysis revealed a statistically significantly higher occur-
rence of positive epithelial-mesenchymal transition (EMT)
in ovarian cancer (76.5%) compared to endometriosis
(12.5%) (z-test, p<0.05) (Table 2).

HIF-1a, which serves as the principal functional pro-
tein within the HIF-1 complex, had a high level of HIF-1a
expression in instances of endometrial carcinoma cases, at
the invasive tumor front, and in proximity to areas exhibit-
ing necrotic tissue.

In cases involving endometriosis, there was a notable
increase in HIF-1a expression within adenomyosis and en-
dometriosis foci as compared to the expression detected in
normal endometrium, as shown in Fig. 1B.

We observed increased expression at the tumor-invasive
front. HIF-1a expression was found to be associated with
tumor grade, indicating a progressive increase in strength.

A statistically significantly higher proportion of HIF-
la positive cells between 25% and 50% was found in en-
dometrial carcinoma (58.8%) compared to ovarian carci-
noma (11.8%) (z-test, p<0.05) (Fig 1C, D). In cases with
high HIF-1a expression (more than 75%) is observed sta-
tistically significant difference between ovarian carcino-
ma (41.2%) compared to endometrial carcinoma (5.9%)
(z-test, p<0.05).

The relative share of the diffuse pattern of staining for
HIF-1a in endometriotic focus (62.5%) compared to en-
dometrial carcinoma was statistically significantly higher
(11.8%) (z-test, p<0.05) (Table 3).

Table 1. Relative proportions of E-cadherin expression categories by staining pattern by group

Endometrial cancer Ovarian cancer

N Endometriosis
Heterogeneous pattern 1(6.3%)
Diffuse pattern 15 (93.8%)
Total 16 (100%)

2 (11.8%) 9 (52.9%)
15 (88.2%) 8 (47.1%)
17 (100%) 17 (100%)

Table 2. Relative proportions of the categories of E-cadherin expression along the epithelial-mesenchymal transition in the three

studied groups

N Endometriosis Endometrial cancer =~ Ovarian cancer
Negative EMT status (preserved expression of E-cadherin) 14 (87.5%) 10 (58.8%) 4(23.5%)
Positive EMT status (reduced to missing E-cadherin expression) 2 (12.5%) 7 (41.2%) 13 (76.5%)

Total

16 (100%) 17 (100%) 17 (100%)

Table 3. Relative proportions of anti HIF-1a expression categories according to the staining pattern by group

N Endometriosis Endometrial cancer Ovarian cancer
Perinecrotic 0 (0.0%) 4(23.5%) 4(23.5%)
Diffuse 10 (62.5%) 2 (11.8%) 6 (35.3%)
Mixed 3 (18.8%) 2 (11.8%) 4(23.5%)
Heterogeneous 3(18.8%) 9 (52.9%) 3(17.6%)
Total 16 (100%) 17 (100%) 17 (100%)
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There is a statistically significant difference in the pro-
portion of positive Ki67 cells, ranging from 1% to 10%, in
endometriosis focus (87.5%) compared to the two other
groups, endometrial carcinoma (29.4%) and ovarian can-
cer (11.8%) (z-test, p<0.05). Moreover, there was a statis-
tically significant increase in the proportion of Ki67-pos-
itive cells ranging from 10% to 50% in endometrial
cancer (58.8%) compared to endometriosis (12.5%) (z-test,
p<0.05) (Fig. 1E). In ovarian cancer, the maximum relative

percentage of Ki67 positive cells exceeds 50% (41.2%). In
the other two groups, namely endometrial carcinoma and
endometriotic focus, the relative proportions of Ki67 pos-
itive cells are observed to be 11.8% and 0%, respectively.

No statistically significant difference was observed be-
tween the relative proportions of the SMA expression cate-
gories in the three groups (z-test, p>0.05). A moderate type
of expression predominated in all three groups, as did a
diffuse staining pattern (Fig. 1F).

Figure 1. A. E-cadherin, IHC, diffuse expression pattern, low grade endometrial carcinoma, x100; B. Nuclear and cytoplasmic expres-

sion of HIF-1a in an endometriosis focus, x100; C. Strong nuclear expression of HIF-1a in high grade endometrioid carcinoma, com-

bined with endometriosis, strong perinecrotic expression in the tumor and weak diffuse expression in the endometriosis focus, x40; D.

Heterogeneous expression pattern of HIF-1a in clear cell variant ovarian carcinoma in the nucleus and cytoplasm of tumor cells, x100;

E. THC expression of Ki67 - 75% proliferative index in moderately differentiated endometrial carcinoma, x100; F. Cytoplasmic and

membrane expression of SMA in endometrioid variant ovarian carcinoma, x100.
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DISCUSSION

Hypoxia is a common change in the tumor microenviron-
ment of solid malignancies due to an imbalance between
the rapid growth of tumors and their blood supply. In addi-
tion, hypoxia has been shown to induce resistance to che-
motherapy and radiotherapy. We show that diffuse expres-
sion of HIF-1a predominates in cases with endometriosis
and endometrial carcinoma, and a heterogeneous expres-
sion pattern is also observed in ovarian carcinomas. In type
1 endometrial carcinoma, HIF-la expression correlates
with tumor grading and FIGO stage, which has also been
reported by other authors. (¢!

In type 2 endometrial carcinoma, stronger and diffuse
expression, including perinecrotic expression of HIF-la
was observed in all examined patients, regardless of the
depth of myometrial invasion, vascular invasion, and TNM
stage of the tumor. This dependence is well expressed in
high-grade carcinomas.

Immunohistochemical expression of HIF-1a was great-
er in high-grade endometrial carcinomas compared with
low-grade carcinomas, but this difference was not statis-
tically significant. We hypothesize that the lack of statisti-
cal significance is due to the small number of cases in the
sample. It is interesting that around areas with necrosis, we
simultaneously observed positive EMT and perinecrotic
strong expression of HIF-1a. Hypoxia is likely to underlie
the mechanisms in both processes.

The association between endometriosis and endometri-
oid and clear cell carcinoma of the ovary is well known.!”]
A threefold higher risk of developing endometriosis-asso-
ciated ovarian carcinoma has been found in the presence
of ovarian endometriosis.®) However, the relationship be-
tween endometriosis and endometrial carcinoma has not
been well studied.”’

Endometriosis and endometrial carcinoma share com-
mon etiologic factors, including estrogen stimulation and
chronic inflammation. Atypical endometriosis is a pre-
cursor lesion associated with malignant transformation
and with increased the risk of endometrial carcinoma.!!%!
Endometriosis was found in 30% of cases of synchronous
endometrioid carcinomas of the endometrium and the
ovary.l'!l In our study, in 11 cases of combination between
endometriosis and endometrial carcinoma, we reported
a more advanced FIGO stage. We hypothesize that endo-
metriosis paves the way for tumor cells among the uterine
myometrium in adenomyosis.

Endometrioid ovarian carcinoma histologically resem-
bles the endometrium, and recent studies have shown an
association of endometriosis with endometrioid, clear cell,
and low-grade serous ovarian carcinomal'?), as well as in the
cases described by us. Adenomyosis is a condition in which
endometrial glands and stroma are present in the myometri-
um of the uterus.!3 In cases with endometrioid carcinoma
and adenomyosis, we observed deep myometrial invasion.

Loss of E-cadherin activates the Wnt-signaling path-
way and leads to EMT.') E-cadherin-mediated cell ad-
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hesion is inactivated by different mechanisms in cancers.
Suppression of the E-cadherin/B-catenin complex as well
as upregulation of SMA are known to be key processes in
EMT. An important aspect of EMT is the aberrant localiza-
tion of B-catenin expression.!'*) Tumor hypoxia decreases
E-cadherin expression, leads to EMT, and helps tumor cells
to avoid programmed cell death and adapt to unfavorable
conditions. ¢!

Studies on the immunohistochemistry expression of
E-cadherin in relation to endometriosis have yielded in-
consistent findings. In our study, E-cadherin expression
in peritoneal and ovarian endometriosis cases was weaker
compared to the adenomyosis expression. Around areas of
necrosis, we observed reduced expression of E-cadherin in
tumor cells in ovarian and endometrial cancers.

Ki67 protein is a cell proliferation marker. The number
of Ki67-positive tumor cells often correlates with the clin-
ical course.['”] The Ki67 index is higher in advanced stage
tumors; a higher Ki67 index indicates more aggressive tu-
mor behavior and worse clinical outcomes.!'8) The same
trend is observed with the proliferative index in low- and
high-grade endometrial carcinomas. In Ki67 positive cases,
positive EMT status predominated by frequency.

Although we did not find a statistical relationship be-
tween EMT status and proliferative index in each of the
studied groups of working material, we performed a com-
parative analysis of the same tumor areas in cases with
EMT positive status with a heterogeneous pattern and high
Ki67 expression (50-100%). In areas of reduced E-cadherin
expression, we observed increased expression with Ki67.
And the inverse was valid.

Endometriosis is not a neoplastic disease, but it involves
certain processes showing hallmarks of malignancy and
carcinogenesis.!') There is increasing interest in the role of
the Ki67 monoclonal antibody in the development of en-
dometriosis. Ki67 is a nuclear protein associated with cell
proliferation.??! Although little is known about the specific
roles of Ki67, it is present in all active phases of the cell
cycle but is absent in resting (G0) cells.[?"]

Endometrial cell proliferation in patients with endome-
triosis was higher than that in patients without endome-
triosis, as determined by the proliferation index Ki67.[2!]
A higher level of Ki67 is associated with malignant tumors
and metastasis.!??) Whether Ki67 is associated with endo-
metriosis recurrence is not yet known. HIF-1a and Ki67
may be useful in identifying endometriosis patients who
are at risk and need more specialized care.

An important histological feature of endometriosis
is the presence of dense fibrous tissue in and around the
lesions!?*), especially in deep infiltrating endometriosis
(DIE)!?4l, Fibrosis can lead to subsequent adhesions, an-
atomic deformity, and pelvic pain, and because fibrosis
in many organs is generally difficult to treat, much less
curel®], fibrosis in endometriotic lesions is very likely to be
responsible for resistance to therapy, especially in DIE[].

Another feature of endometriosis is the universal pres-
ence of smooth muscle in or around endometriotic lesions,
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often referred to as smooth muscle metaplasia (SMM).
SMM is common in peritoneal®®), deep!?”), ovarian[?®!
endometriosis, as well as in adenomyosis?. The most
pronounced fibrosis was observed in cases with peritoneal
endometriosis. The possibility of stromal cells differenti-
ated into smooth muscle cells (SMCs) undergoing phys-
iological SMM in the uterine connective tissue is not yet
sufficiently evidenced.3"]

Some authors associate the expression of SMA in endo-
metriosis and endometrial carcinomas with EMT, other au-
thors suggest that the strong expression of SMA in the stro-
ma of endometrial lesions is the result of smooth muscle
metaplasia of the stromal cells in the endometriotic focus.
The observed strong diffuse expression of SMA in endome-
triosis lesions support the second hypothesis.

CONCLUSIONS

The immunohistochemical profile of the different mor-
phologic lesions of the endometrium and ovaries can be
used to analyze the progression of endometriosis in tumor
tissue, as well as to assess the progression of ovarian and
endometrial carcinomas. Selected immunohistochemi-
cal markers are relevant in the assessment of proliferative
activity, invasion and tumor progression and may serve as
prognostic factors and for future therapy.

Endometriosis should be considered as a disease with
the potential for malignancy. Morphological and immu-
nohistochemical evaluation of endometriotic tissue can
increase the clinicians’ awareness of the potential of an en-
dometriotic lesion. Decreased expression of E-cadherin in
endometriosis and a proliferative index greater than 10%
are grounds for a follow-up and more of an increased dis-
ease recurrence.

Morphologic features such as intratumoral hypoxia and
areas of necrosis in ovarian and endometrial carcinomas are
poor prognostic markers, as is a high proliferative index.
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Pe3ome

BBe,quI/Ie: 9HHOM€TPI/I03 - H06p0Ka‘{eCTB€HHOQ TMHEKOJIOTMYECKOE 3860}IeBaHI/Ie, KOTOpO€ MEET MHOI'O 06U.II/IX XapaKTEPUCTUK
C PaKOBBIMI KJIETKaMM, BK/II04as YK/JIOHEHME OT UMMYHUTETA, BBDKMBAEMOCTD, aJir€3110, NMHBA3MIO VI aHTMOTE€HES. OJIHOBpeMeHHOC
UCCneaqoBaHmne TKaHeBoi rumokcum, IMII u HpOHI/I(bepaTI/IBHOI‘O VHJIEKCa 1PN SHIOMETPNO3€, KapIUMHOMAX S9HAOMETPNA U ANYHNKOB
MOXET AaTb HOBOE ITPEICTABJIEHNIE 06 SBOIIOLVIN U TPOT'PECCUPOBAHNN TYTHEKOTTOIMYECKNX HOBOO6paSOBaHI/II7[.

Lienb: Ilenbio Hamero MccaefoBaHmsA ObUIO IPOCTEANTD UMMYHOTYICTOXMMITYECKYIO SKCIIPECCUIO IIPY SHAOMETPHO3e, KapITHOMe 3H-
JOMeTPYA U ANIHNMKOB B CBA3Y C TKAHEBOV TMITOKCYelT M HeKpo3oM, DMII, nponndepaTUBHBIM MHAEKCOM 11 Guépo3om.

Matepuanbl 1 MeTofbl: B HacTosIeM MCCIE[OBAHNIN HCIONb30BAMICh 06pasLbl 6yomcyn 50 MaIieHTOK ¢ S9HFOMETPIO30M, KapIi-
HOMOII 9HJOMETPMA ¥ KapI[MHOMOJ AMYHUKOB C LIe7IbI0 TTOMCKa Koppenanym Mexay akcnpeccueit HIF-1a, Ki67, SMA un E-kaarepuna
U PA3/IMIHBIMI KIMHIKO-IIATOTIOTNYECKIMI 0COOEHHOCTAMIL

Pe3ynbratbl: Mbl HabII0faMM reTepOreHHOCTD 1 Pa3/IMIHYI0 MHTeHCUBHOCTD IMMYHOTMCTOXMMIYECKON 9KCIIPECCUH Y PasHBIX IPYIII
IaIeHTOB. VIMMYHOTMCTOXMMIYECKYIO SKCIIPECCHIO CPAaBHMBAIM CO CTeNeHbIo NuddepeHINpPOBKY OMYXOIeBbIX KIeToK. KieTku
Hy3KozuddepeHIMPOBaHHbIX afileHOKApIIMHOM IOKa3amy 6ojee BbICOKMIT pomdepaTuBHbli nHAekc Ki67, Hammdame snmTenuan-
HO-Me3eHXJIMa/IbHOTO IIepeXofia CO CHIDKeHHOI aKcnpeccueit E-kaprepuna mpu 6onee cuabHoit sxcnpeccun HIF-1a. Uto kacaercs
SMA(r/1aIKOMBIIIEYHBI/T AKTMH) B OYarax sHZOMETPMO3a OPIaHOB MaJIOTO Tasa ¥ AMYHUKOB, MBI COOOIIM/IN O CUIbHOI A1 dy3HOI
9KCIIPECCUN B CTPOMAIbHBIX KJIeTKaX C BBIPOXKEHHBIM H1OPO3OM.

3akntoueHue: ITounmaHe MeXaHN3MOB KaHIeporeHe3a 1 IIPOrpecCHpPOBaHNUSA IMHEKOIOTMYECKIX OIYXO/Ieil U SHAOMETPUO3a BXKHO
IJ1s TIPOTHO33, OTBETA Ha TEPANMIO U, BO3MOXKHO, TY4LIEro Je4eHNs IalMeHTOK.
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