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Introduction: The role of p16 and p53 immunohistochemistry in the diagnosis

of rare and aggressive uterine carcinosarcoma (UCS) has been well established.

However, enhancer of zeste homolog 2 (EZH2), a histone methyltransferase

and a member of the polycomb group family is a relatively new biomarker, with

limited published data on its significance in this tumor type. The goal of this

study was to examine EZH2 expression in UCS and its components, in

correlation with morphological features, and p16 and p53 staining patterns.

Methods: Twenty-eight UCSs were included in the study. EZH2, p16 and

p53 immunoreactivity were assessed independently by two pathologists in

both tumor components (epithelial and mesenchymal). EZH2 and

p16 immunostains were scored semiquantitatively: based on the percentage

and intensity of tumor cell staining a binary staining index (“high- or low-

expressing”) was calculated. The p53 staining pattern was evaluated as wild-

type or aberrant (diffuse nuclear, null, or cytoplasmic expression). Statistical

tests were used to evaluate the correlation between staining patterns for all

three markers and the different tumor components and histotypes.

Results:High EZH2 and p16 expression and aberrant p53 patterns were present

in 89.3% 78.6% and 85.7% of the epithelial component and in 78.6%, 62.5% and

82.1% of the mesenchymal component, respectively. Differences among these

expression rates were not found to be significant (p > 0.05). Regarding the

epithelial component, aberrant p53 pattern was found to be significantly (p =

0.0474) more frequent in the serous (100%) than in endometrioid (66.6%)

histotypes. Within the mesenchymal component, p53 null expression pattern

occurred significantly (p = 0.0257) more frequently in heterologous sarcoma

components (71.4%) compared to the homologous histotype (18.8%).
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Conclusion: In conclusion, EZH2, p16 and p53 seem to play a universal role in

the pathogenesis of UCS; however, a distinctive pattern of p53 expression

appears to exist between the serous and endometrioid carcinoma components

and also between the homologous and heterologous sarcoma components.
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Introduction

Uterine carcinosarcoma (UCS), or uterine malignant mixed

Müllerian tumor (MMMT) is a very aggressive and rare

neoplasm of the female genital tract, comprising less than 5%

of endometrial malignancies [1].

This tumor has a biphasic morphology, containing both

malignant epithelial (carcinomatous) and malignant

mesenchymal (sarcomatous) components [2]. In most cases, it

consists of a single carcinoma and a single homologous sarcoma

histologic subtype. The former is usually serous carcinoma,

followed by less common endometrioid, clear cell,

undifferentiated, and mixed histotypes. The mesenchymal

component is most often a homologous high grade sarcoma,

and less often it consists of a heterologous rhabdomyosarcoma

(RMS), chondrosarcoma, osteosarcoma, or liposarcoma [3, 4].

The majority of studies support the “metaplastic monoclonal

or conversion theory,” whereby UCS develops from the

metaplastic transformation of a single neoplastic cell type [5].

As part of the process, epithelial-mesenchymal transition (EMT)

allows a polarized epithelial cell to transmogrify into a

mesenchymal cell phenotype, giving the ability for it to

migrate away from its original epithelial layer [6]. The EMT

theory is supported by high epithelial to mesenchymal transition

gene signature scores and is likely due to epigenetic alterations at

microRNA promoters and histone gene mutations and

amplifications [7]. However, a small percentage of UCS seem

to represent real collision tumors, since they are molecularly

biclonal and most likely develop from two independent cell

populations [8].

Carcinosarcomas exhibit a significantly poorer prognosis

compared to other high-grade endometrial carcinomas such as

grade 3 endometrioid carcinoma, serous carcinoma and clear cell

carcinoma [9].

Polycomb group proteins are a group of important epigenetic

regulators. Enhancer of zeste homologue 2 (EZH2), a histone

lysin methyltransferase and a catalytic component of polycomb

repressive complex 2 is involved in cell proliferation, cell

differentiation and tumorigenesis by silencing the

transcription of several tumor suppressor genes (including

p21, p16 and p27) [10–13]. Accordingly, numerous studies

have highlighted the role of EZH2 in cancer development and

progression. Overexpression of EZH2 protein has been shown in

various malignant tumors, including carcinomas of the breast

[14], lung [15], stomach [16], colon [17], pancreatobiliary tract

[18], liver [19], thyroid gland [20], prostate [21], and bladder

[22]. EZH2 has been also studied in most common gynecologic

malignancies such as cervical [23, 24], endometrial [25, 26] and

ovarian cancer [27, 28].

In recent years, EZH2 expression has also been discovered in

certain sarcomas, including Ewing sarcoma [29], RMS [30, 31],

synovial sarcoma [32], osteosarcoma [33], and

chondrosarcoma [34].

Strong evidence demonstrated that EZH2 could promote

EMT [35, 36], therefore, we postulated that aberrant

EZH2 overexpression may also be invoved in the pathogenesis

of UCS.

Nevertheless, only limited data are available regarding

EZH2 expression and its clinicopathological correlations in

UCS. EZH2 positivity in UCS was previously only reported in

one effusion cytology specimen [37].

p53 is a frequently used immunohistochemical marker in the

diagnostic work-up of endometrial carcinomas, and based on

The Cancer Genome Atlas database over 90% of UCS harbor

TP53mutation [38]. Similarly, the p16-RB pathway has also been

previously implicated in the pathogenesis of UCS [39].

In this study, our goal was to investigate the potential role of

EZH2 along with p16 and p53 biomarkers in the diagnosis and

histogenesis of UCS components and their histotypes.

Materials and methods

Subjects

The study was approved by our institutional ethical

committee (number of permission: KK/644-1/2020).

Consecutive cases of UCS diagnosed from 2012 to 2019 were

retrieved from the archives of the Department of Pathology,

University of Pécs, Hungary.

Formalin-fixed and paraffin embedded tissue samples were

collected from hysterectomy and biopsy (curettage) specimens.

The original hematoxylin and eosin–stained slides from each case

were reviewed, and representative blocks containing both

malignant epithelial and mesenchymal components were

selected for immunohistochemistry (IHC). The epithelial

component was subclassified according to the current WHO

classification [40] as serous, endometrioid, clear cell,
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undifferentiated and mixed histotypes, while the mesenchymal

component was classified as homologous or heterologous type.

Immunohistochemical analysis of EZH2,
p16 and p53 expression

For IHC, 4 µm thick sections were cut from the formalin-

fixed paraffin-embedded tissue specimens. Immunostaining for

EZH2 (mouse monoclonal, clone 6A10, prediluted, Newcastle

Upon Tyne, United Kingdom), for p16 (mouse monoclonal,

clone E6H4; Ventana Medical System Inc., Tucson, AZ), and

for p53 (rabbit monoclonal, clone SP5, prediluted; Thermo

Scientific, United States) were performed with proper positive

and negative controls using Leica Bond Max autostainer (Leica

Biosystems, Bannockburn, IL) and Leica Bond Polymer Refine

Detection Kit (Upon Tyne, United Kingdom). Immunoreactivity

was evaluated in both the epithelial and mesenchymal

components independently by two board-certified pathologists

with over 15 years of professional experience (K.K., A.O.).

EZH2 and p16 expression were scored semiquantitatively

according to the percentage of tumor cell nuclear staining: 1+:

<10% of tumor cell nuclei, 2+: between 10% and 50% of tumor

cell nuclei, 3+: >50% of tumor cell nuclei [24, 41–44], and

staining intensity (0: no staining, 1+: weak, 2+: moderate, 3+:

strong). As in the previous studies, a staining index was

calculated as the product of staining percentage and intensity

on a scale of 0–9 [45, 46]. The tumors were categorized as high-

expressing (staining index >4) or low-expressing (staining

index ≤4).
P53 immunoreactivity interpretation was conducted

according to the recommendations by the International

Society for Gynecological Pathologists [47]. The p53 staining

pattern was evaluated as wild-type or aberrant (latter can be

further classified as diffuse nuclear, null, or cytoplasmic

expression) [48]. In more details, wild-type (normal) pattern

is met when a scattered nuclear staining is present with no or

weak cytoplasmic staining; Aberrant/diffuse nuclear pattern is

met when 80% strong and diffuse nuclear staining is present

(with or without any cytoplasmic staining), Aberrant/null

pattern is met when a complete absence of nuclear staining in

all cells is present without cytoplasmic staining; Aberrant/

cytoplasmic pattern is met when a moderate to strong

cytoplasmic staining is present in the absence of diffuse

nuclear expression.

Statistical evaluation

For EZH2 and p16, the median staining index scores (low or

high expression) of the two experts were calculated in both

components. Regarding staining percentage and staining

intensity, the ratings were summed up for further analysis.

Discordant p53 pattern ratings were reevaluated and the final

result was decided in consensus. The EZH2 and p16 expression

indices and p53 staining patterns were compared between the

epithelial and mesenchymal components, as well as between the

serous and endometrioid carcinoma components, and between

the homologous and heterologous sarcoma components. Mixed

and undifferentiated epithelial histotypes were excluded from

histotype comparisons due to the low case numbers. Depending

on the sample size, Chi square or Fisher exact tests were used to

compare categorical values (staining index and p53 staining

pattern) while Mann-Whitney test was used to compare

ordinal values (staining percentage and staining intensity).

Concordance between epithelial and mesenchymal

components were evaluated with kappa test. All statistical

tests were run in Medcalc [49]. A p-value of <0.05 was

considered statistically significant [50].

Results

This study included 28 women with uterine carcinosarcoma,

with a median age of 70.5 years (range 53–85 years). Formalin-

fixed and paraffin embedded tissue samples were available from

22 hysterectomy and 6 biopsy (curettage) specimens.

Histologically, the epithelial component comprised of 14

(50%) serous, 9 (32.1%) endometrioid, 2 (7.1%)

undifferentiated, and 3 mixed (serous and endometrioid)

carcinomas (10.7%). The mesenchymal component contained

heterologous elements in 7 cases (25%), and homologous

elements in 21 samples (75%). Among the heterologous

sarcoma components, 4 chondrosarcoma and 3 RMS

occurred. The most common homologous components were

endometrial stromal sarcoma (n = 14), followed by

3 leiomyosarcomas, 3 undifferentiated sarcomas, and

1 myxoid fibrosarcoma.

The immunoreactivity measures of EZH2 and p16 in the

epithelial and mesenchymal components are shown in Table 1.

High EZH2 expression was slightly more common in the

epithelial (89.3%) than in the mesenchymal (78.6%)

component. Similarly, p16 expression was slightly higher in

the epithelial (78.6%) compared to the mesenchymal (62.5%)

components. Based on Fisher’s exact test, p16 and

EZH2 expressions between the epithelial and mesenchymal

components were not statistically different (for EZH2 p =

0.468; for p16 p = 0.248). Based on Mann-Whitney tests,

marker staining percentages and intensities were also not

statistically different between the epithelial and mesenchymal

components (p = 0.074 and p = 0.076 for staining percentage of

EZH2 and p16, respectively; p = 0.11 and p = 0.059 for staining

intensity of EZH2 and p16, respectively).

Figure 1 shows representative cases of diffuse and strong

immunoreactivity with EZH2 and p16 markers and diffuse

nuclear p53 pattern.
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The immunoreactivity measures of EZH2 and p16, in the

different carcinoma components are shown in Table 2. Both

serous and endometrioid histotypes showed prominent staining

with all markers. High expression of EZH2 was almost always

present (89% for both endometrioid and serous carcinomas).

High p16 expression was also very common (88% of

endometroid, 79% of serous cases). There were no statistical

differences in the EZH2 and p16 staining scores between the

serous and endometrioid histotypes (Fisher exact test p values for

staining index of EZH2 and p16 between the histotypes were

0.74 and 0.96 respectively. Mann-Whitney p values for staining

percentages of EZH2 and p16 between the two carcinoma

histotypes were 0.35 and 0.15, respectively. Mann-Whitney p

values for EZH2 and p16 staining intensity between the two

carcinoma histotypes were 0.37 and 0.26, respectively.)

The immunoreactivity measures of EZH2 and p16 in

homologous and heterologous sarcoma components are

shown in Table 3. Both sarcoma types showed similarly

common high EZH2 expression (79% of the homologous

elements, and 78.6% of the heterologous elements) and

p16 expression (60% of the homologous elements and 72% of

the heterologous elements). These markers showed no statistical

differences (Fisher exact test p values for staining index of

EZH2 and p16 between the two types were 1 and 0.66,

TABLE 1 Immunoreactivity of EZH2 and p16 in UCSs based on the two independent experts’ ratings (medians for staining index, sums for staining
percentage and nuclear intensity).

EZH2 p16

Epithelial component Mesenchymal component Epithelial component Mesenchymal component

Staining index n (%)

Lowa 3 (10.7) 6 (21.4) 6 (21.4) 10.5 (37.5)

Highb 25 (89.3) 22 (78.6) 22 (78.6) 17.5 (62.5)

averagec(SD)

Staining percentage 5.68 (0.72) 5.18 (1.15) 4.96 (1.68) 4.32 (1.87)

Nuclear Intensity 5.64 (0.95) 5.18 (1.36) 5.21 (1.5) 4.46 (1.86)

aStaining index of ≤ 4.
bStaining index of > 4.
cValue range = 0-6.

FIGURE 1
(A–D): Uterine carcinosarcoma, Case No. 26., ×200 magnification. (A) HE staining shows malignant epithelial (serous carcinoma) and
mesenchymal (homologous undifferentiated sarcoma) components. (B, C) Diffuse, strong positive (3+) expression of EZH2 (B), p16 (C) in both
components; (D): >80% strong and diffuse p53 nuclear staining in both components.
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TABLE 2 Immunoreactivity of EZH2 and p16 in UCS epithelial component serous and endometrioid histotypes based on the two independent experts’
ratings (medians for staining index, sums for staining percentage and nuclear intensity).

EZH2 p16

Endometrioid Serous Mixed Undiff. Endometrioid Serous Mixed Undiff.

Staining index n (%)

Lowa 1 (11) 1.5 (10.7) 0.5 (16.7) 0 (0) 2 (22) 3 (21) 1 (33.3) 0 (0)

Highb 8 (89) 12.5 (89.3) 2.5 (83.3) 2 (100) 7 (88) 11 (79) 2 (66.7) 2 (100)

averagec (SD)

Staining percentage 5.77 (0.66) 5.57 (0.85) 5.66 (0.57) 6 (0) 4.88 (1.45) 4.93 (1.9) 4.66 (2.3) 6 (0)

Nuclear Intensity 5.44 (1.33) 5.71 (0.82) 5.66 (0.57) 6 (0) 5.11 (1.76) 5.28 (1.32) 4.66 (2.3) 6 (0)

aStaining index of ≤4.
bStaining index of >4.
cValue range = 0–6.

TABLE 3 Immunoreactivity of EZH2 and p16 in UCS mesenchymal component homologous and heterologous types based on the two independent
experts’ ratings (medians for staining index, sums for staining percentage and nuclear intensity).

EZH2 p16

Homologous Heterologous Homologous Heterologous

Staining index n (%)

Lowa 4.5 (21) 1.5 (21.4) 8.5 (40) 2 (28)

Highb 16.5 (79) 5.5 (78.6) 12.5 (60) 5 (72)

averagec (SD)

Staining percentage 5.14 (1.23) 5.28 (0.95) 4.23 (1.92) 4.57 (1.81)

Nuclear Intensity 5.38 (1.28) 4.57 (1.51) 4.42 (1.98) 4.57 (1.51)

aStaining index of ≤4.
bStaining index of >4.
cValue range = 0–6.

TABLE 4 p53 staining patterns in UCS components and component types.

Epithelial component Mesenchymal component

Expression Endometrioid Serous Mixed Undifferentiated All Homologous Heterologous All

Wild-typea 3/9 (33.3%) 0/14 (0%) 0/3 (0%) 1/2 (50%) 4/
28 (14.3%)

5/21 (23.8%) 0/7 (0%) 5/
28 (17.9%)

Aberrantb 6/9 (66.6%) 14/
14 (100%)

3/
3 (100%)

1/2 (50%) 24/
28 (85.7%)

16/21 (76.2%) 7/7 (100%) 23/
28 (82.1%)

Pattern Diffuse
nuclear

5/6 (83.3%) 11/
14 (78.6%)

2/
3 (66.7%)

0/1 (0%) 18/
24 (75%)

13/16 (81.2%) 2/7 (28.6%) 15/
23 (65.2%)

Null 1/6 (16.7%) 3/
14 (21.4%)

1/
3 (33.3%)

1/1 (100%) 6/24 (25%) 3/16 (18.8%) 5/7 (71.4%) 8/
23 (34.8%)

Cytoplasmic 0/6 (0%) 0*/14 (0%) 0/3 (0%) 0/1 (0%) 0*/24 (0%) 0/16 (0%) 0/7 (0%) 0/23 (0%)

aWild-type (normal) - scattered nuclear staining).
bAberrant/Diffuse nuclear pattern: 80% strong and diffuse nuclear staining with ot without cytoplasmic staining, Aberrant/null pattern: complete absence of nuclear staining in all cells,

Aberrant/cytoplasmic pattern: moderate to strong cytoplasmic staining in the absence of diffuse nuclear expression. *One serous case and two endometrioid cases presented weak to

moderate cytoplasmic staining but also at least 80% strong and diffuse nuclear staining, therefore were attributed diffuse nuclear pattern (see Figure 2).
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respectively. Mann-Whitney p values for staining percentage of

EZH2 and p16 between the two types were 0.37 and 0.4,

respectively. Mann-Whitney p values for staining intensity of

EZH2 and p16 between the two types were 0.1 and 0.48,

respectively.)

P53 staining patterns are shown in Table 4. Aberrant

p53 immunostaining was seen in 85.7% of the epithelial and

82.1% of the mesenchymal components. These values were

statistically equal (Fischer test p = 1). P53 cytoplasmic staining

was observed only focally in 3/28 cases, but none of the tumors

showed aberrant cytoplasmic expression pattern. Within the

epithelial components, aberrant p53 expression was found in

66.6% of the endometrioid and 100% of the serous carcinomas,

which was statistically significant (Fisher test p = 0.0474). Regarding

the mesenchymal components, homologous sarcomas showed

aberrant p53 patterns in 76.2% of cases, while all heterologous

sarcomas (100%) were p53 aberrant (no statistical difference, Fisher

test p= 0.29). Aberrant null p53 patternwas observed in 71.4%of the

heterologous sarcomas, whereas only 18.8% of the homologous

sarcomas displayed this staining pattern (statistically significant

difference, Fisher test p = 0.0257). Aberrant diffuse nuclear

p53 expression was seen in 81.2% of the homologous sarcoma

histotypes. No other significant differences were identified in

p53 patterns among the UCS components and their different

histotypes.

Figure 2 illustrates different patterns of p53 expression.

P53 was concordant between epithelial and mesenchymal

components in 82.14% (Cohen’s k: 0.34, fair agreement).

Discussion

Our results showed that EZH2 and p16 are similarly highly

expressed, while p53 immunostaining is aberrant in the majority

of uterine carcinosarcomas. Pattern differences were found

between histotypes.

Previous studies have described various

immunohistochemical profiles of carcinosarcomas.

FIGURE 2
(A–F) Different patterns of p53 expression. (A, B) Aberrant, p53 diffuse nuclear pattern with weak (A) and weak to moderate (B) cytoplasmic
staining in epithelial and mesenchymal components of UCS ((A): Case No. 26., ×200 magnification, (B): Case No. 5., ×400 magnification). (C, D)
Aberrant, p53 null pattern with complete absence of nuclear staining in all cells of both components ((C): Case No. 11., ×200magnification, (D): Case
No. 21., ×200 magnification). Arrows indicate internal positive controls (lymphocytes). (E, F) Wild type p53 IHC pattern with scattered nuclear
staining in epithelial (E) and mesenchymal (F) component, (E): aberrant, p53 diffuse nuclear pattern in mesenchymal component ((E): Case No.
19., ×200 magnification, (F): Case No. 22., ×400 magnification).
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EZH2 positivity in UCS was previously reported in a single

effusion cytology specimen in one study [37], which investigated

the utility of EZH2 as a single immunomarker in the diagnosis of

metastatic carcinoma in effusion samples. A total of 108 pleural,

peritoneal, and pericardial effusions/washings diagnosed as

unequivocally reactive (n = 41) and metastatic carcinoma (n =

67) by cytomorphology over 18 months were reviewed. Among

the metastatic carcinomas, 54 cases were adenocarcinoma and

the remaining cases were squamous cell carcinoma (n = 1),

carcinosarcoma (n = 1), and carcinoma of undefined

histological subtypes (n = 11). Only one carcinosarcoma

cytology specimen was included in this study that was a

positive case.

The role of p16 and p53 immunohistochemistry as diagnostic

and prognostic markers in UCS has been evaluated by a handful

of prior studies. Engelsen et al. demonstrated that pathologic

expression of p53 and p16 in endometrial curettings identifies

high-risk endometrial carcinoma patients with poor prognosis

[51]. Buza and Tavassoli reported p16 overexpression in the

carcinomatous and sarcomatous components of uterine

MMMTs, and observed that p16 immunohistochemical

reaction was significantly more intense and diffuse than

p53 immunostaining in both components. The concordance

rates for p16 and p53 immunoreactivity for the two

components within the same tumor were 83% and 90% of

cases, respectively [39]. Xiaowei et al. examined the possible

utility of p16, p53, and PAX8 IHC in the diagnosis of

carcinosarcomas, and revealed almost equal staining in both

components for p16 and p53. P16 staining showed almost equally

high expression in the epithelial (74%) and mesenchymal

components (71%), and p53 expression also was similar in the

epithelial (48%) and mesenchymal (44%) components. High-

expression of PAX8 was more common in the epithelial (73%)

than in the mesenchymal (13%) components [46].

Compared to PAX8, EZH2 in our study shows not only a

slightly higher expression rate in the epithelial component but is

similarly highly expressed in the mesenchymal component

as well.

Increased expression of EZH2 has been described in most

common gynecologic malignancies such as cervical [23, 24],

endometrial [25, 26] and ovarian cancer [27, 28]. Prognostic

significance of EZH2 expression status has been also reported in

patients with these tumours, because high expression of

EZH2 was associated with tumor aggressiveness [52–54].

Therefore, EZH2 has been raised as a potential target for

tumor therapy, and both preclinical and clinical studies on

EZH2 inhibitors are intensively pursued [36, 55–58].

Regarding EZH2 as potential therapeutic target in UCS, no

data exists in the literature.

Several further immunohistochemical markers have been

studied as potential markers/adjuncts in the diagnosis of UCS

as well, including p27, c-KIT, COX-2, EGFR, C-ErbB-2, the

oncogene AKT [39, 59–63]. Recently, HER2 expression was

also demonstrated in carcinosarcoma, as a potential

therapeutic marker. Rates of HER2 overexpression or

amplification were reported to be ranging from 6% to 25%.

Intratumoural heterogeneity of HER2 expression/amplification

and lower HER2 expression in the sarcoma component

compared to the carcinoma component was also shown [62,

64, 65].

Regarding endometrial cancers in general, it is well-

documented that the staining patterns of p53 and p16 are

different between endometrial serous and endometrioid

carcinomas [66–68]. The primary emphasis in most studies

examining p53 in endometrial carcinomas is placed on the

correlation between p53 overexpression and serous histology

[69]. Mutations in TP53 are observable in intraepithelial

carcinomas and are believed to occur at an early stage in the

development of uterine serous carcinoma [70]. In a subset of

endometrioid carcinomas, p53 overexpression has been

documented, predominantly in tumors categorized as FIGO

grade 3 endometrioid carcinomas [71]. In line with a

2018 recommendation, tumors exhibiting a double negative

profile (p16-negative/p53-wild-type) are indicative of being

primarily endometrioid, whereas tumors demonstrating a

double positive profile (p53 aberrant/mutation-type and

diffuse strong p16 positive) are more likely associated with

serous histology [66]. This is consistent with the findings of

the present study as we found significant more (p = 0.0474)

p53 aberrant type serous than endometrioid subtype of the

epithelial UCS components. The different p16 and

p53 staining patterns between endometrial cancer types and

UCS related epithelial component histotypes raise the

possibility of their different pathomechanisms. In non-UCS

related endometrial cancers, overexpression of EZH2 is well

established [26, 72]. Gu et al [72] collected a total of

104 samples from patients with the diagnosis of endometrial

cancer and analyzed the expression of EZH2 by

immunohistochemical staining. The results showed that the

positive expression rate of EZH2 was 68.27%, which was

significantly higher than that in the adjacent tissue (p < 0.05).

Krill et al [26] analysed 87 tissue specimens from sixty patients

with both early and advanced stage endometrioid endometrial

adenocarcinoma and 27matched-normal tissue specimens. Their

results showed that EZH2 mRNA (p < .0001) and protein

expression (p < .0001) in tumor specimens were significantly

higher than in the matched-normal tissue. In primary tumors,

EZH2 protein expression was associated with lympho-vascular

space invasion (p = .044), and EZH2 mRNA expression was

associated with age (p = .037). However, these studies did not

include specific cohorts of carcinosarcoma.

The pathogenesis of UCS is still debated. Authors largely

agree that EMT seems to play role in its development [3, 5, 6,

73–75]. The EZH2-PRC2 complex regulates several target genes.

EZH2 can directly bind to important tumor oncogenes and

initiate signaling pathways for EMT events. Furthermore,
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EZH2 can induce EMT. Ding et al. demonstrated that the

EZH2 inhibitor GSK343 suppresses the progression of cervical

cancer cells by inhibiting EMT. Their data also established that

treatment with GSK343 leads to a suppression of EMT in

xenograft tumours in nude mice. The observed EZH2–EMT-

associated phenotypes and their underlying mechanisms have

important implications for cervical cancer development and

severity, which suggests that targeting this pathway through

specific inhibitors would result in general epigenetic

reprogramming [55]. Our data support the possible role of

EZH2 in the pathogenesis of UCS along with the EMT theory.

The carcinomatous and sarcomatous components showed

85% concordance of p53 protein overexpression and 96%

concordance of TP53 gene mutation, which points to a

monoclonal origin of both components. P16 overexpression

occurs in about 60% of UCS simultaneously with

TP53 mutations. The concordance of p16 expression between

the carcinomatous and sarcomatous components was

approximately 85% in different series [39, 76].

P53 IHC is widely used as a surrogate for TP53 mutation

testing in diagnostic gynecologic pathology [77]. P53 IHC is a

reliable diagnostic adjunct for histotyping and molecular

subtyping of endometrial carcinomas [48, 66, 78]. Another

use of p53 IHC is triaging gynecological sarcomas for

molecular testing based on the assumption that TP53-mutated

gynecological sarcomas do not harbor cancer driving

translocations [77]. Kunc et al. have observed high frequency

of aberrant p53 IHC expression in extrauterine carcinosarcoma

and high concordance between the carcinomatous and

sarcomatous components [79]. Liu et al. reported

p53 overexpression in 63% of UCS, with 47% and 77%

overexpression in the homologous and heterologous tumors,

respectively [80]. It has been recently noted that 46% of the

epithelial and 53% of the mesenchymal components showed

overexpression of p53, displaying a strong similarity of these

tumor components [81]. In general, p53 diffuse positive cases

indicate possible nonsynonymous missense mutations. In

contrast, stopgain, indel or splicing mutations seem to result

p53 null positive phenotype [82–84].

We observed a high frequency of aberrant p53 IHC

expression in UCS with a fair concordance (82.14%, Cohen’s

k = 0.34) between the epithelial and mesenchymal components

that is in line with previous reports [79–81, 85].

Cherniack et al. identified multiple somatic mutations and

copy number alterations in UCSs that offer expanded therapeutic

options including potential use of PARP, EZH2, cell cycle and

PI3K pathway inhibitor [7]. Jones et al. in their study performed a

complete exome analysis of 22 UCS and verified genetic

alterations in chromatin remodelling genes. Overall, they

identified 777 somatic mutations in 702 genes. Mutations in

EZH2 were observed in 12% of the mutant tags [86].

The most frequently mutated genes in carcinosarcomas are

TP53, PTEN, PIK3CA, RB1, PPP2R1A, FBXW7, KRAS and

ARID1A [7]. In TCGA, over 90% of carcinosarcomas harbor

a TP53 mutation [7]. Some carcinosarcomas share mutational

profiles with the endometrioid lineage, e.g., PTEN mutation,

indicating that, like serous carcinoma, an alternative route of

carcinogenesis is via a low-grade endometrioid carcinoma and its

precursors [87]. A comprehensive analysis of the genomic and

proteomic profiles of 57 UCSs has unveiled disruptions in

canonical pathways, notably the PI3K pathway. More than

75% of cases demonstrated mutations in FBXW7, loss of RB1,

or amplification of CCNE1, suggesting dysregulation in cell cycle

control [7].

Mutations in TP53 are frequently observed across various

tumors, underscoring the pivotal involvement of the FBXW7,

p53, and PI3K pathways in UCS. Among these pathways,

FBXW7 stands out as a crucial driver in the development of

this particular cancer [88]. Conclusive genetic evidence obtained

through lineage tracing studies indicates that UCS originates

from endometrial epithelial cells undergoing an epithelial-

mesenchymal transition. This transition gives rise to a highly

invasive phenotype, with FBXW7 identified as the specific driver

in this process [89]. In accordance with the conversion theory,

UCS are believed to originate in a monoclonal fashion, with

carcinomatous subclones having the potential for metaplastic

differentiation and subsequent transformation into sarcomatous

cells [7]. Support for this theory stems from the concurrent

expression of cytokeratins and epithelial membrane antigens in

both carcinomatous and sarcomatous cells. Additionally, there is

consistency in TP53 and KRASmutations, identical patterns of X

chromosome inactivation, and comparable loss of heterozygosity

observed between the carcinomatous and sarcomatous

components [7].

The main limitation of our study is that detailed molecular

pathological exploration of EZH2, p53 and p16 and their

interactions were not performed, which may be the focus of

future research. In addition, statistical power may be impacted by

the low case number, however, this is largely explained by the

rarity of UCS. The applied cutoff values for defining EZH2 and

p16 as low or high expressing are somewhat arbitrary and may

affect case distributions. However, to date no standardized

scoring has been adopted for these markers. So, instead of

adjusting cutoff values for our study, we aimed to adhere to

previous publications to achieve better reproducibility and

comparability [24, 41–44]. Strengths of the study include that

both components of UCS as well as their subtypes were analyzed.

In conclusion, EZH2, p16 and p53 seem to play a universal

role in the pathogenesis of UCSs. However, a distinctive pattern

of p53 expression appears to exist between the serous and

endometrioid types of the epithelial component (aberrant vs.

wild type) and also between the homologous and heterologous

types of the mesenchymal component (diffuse nuclear aberrant

vs. null aberrant). These pattern disparities may indicate unique

genetical features and differentiation pathways warranting

further molecular pathological studies.
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