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Abstract 

Mixed endometrial carcinoma (MEC) is defined as a tumor composed of two or more 

spatially distinct subtypes, at least one of which is serous or clear cell carcinoma. In this 

study, the clinicopathological features of 15 MEC cases containing a clear cell component 

(MEC-C) were investigated. The ages of patients ranged from 32 to 83 years (median, 61 

years). The combinations of carcinoma components observed were endometrioid and 

clear cell in ten patients; endometrioid, clear cell and serous in three; and clear cell and 

serous in two. Immunohistochemically, nine had DNA mismatch repair (MMR) protein 

deficiency (MMR-d), nine had loss of ARID1A and three cases had aberrant p53 

expression. MMR-d and loss of ARID1A showed a strong correlation. Only one case 

showed both MMR-d and aberrant p53 expression. The patients with MMR-d were 

younger than those without MMR-d (median; 58 years vs. 71 years). Loss of ARID1A also 

showed significant predilection for younger women than ARID1A intact cases. In 

conclusion, MMR-d was observed in 60% of MEC-C, showed predilection for young 



women, and was associated with ARID1A loss. In contrast, non- MMR-d MEC-C occurred 

in elder women and some tumors may associate with TP53 mutation. These findings 

suggest that MEC-C develop via two different molecular mechanisms and they are age-

related events. 
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Introduction  

 Mixed endometrial carcinoma (MEC) is defined as a carcinoma composed of two 

or more spatially distinct tumor subtypes, and at least one of which is a serous or a clear 

cell carcinoma. The prognosis of endometrial carcinoma with even a minor serous or clear 

cell components is poorer than that of pure low-grade endometrioid carcinoma, hence 

any amount of serous or clear cell carcinoma component warrants a diagnosis of MEC [1, 

2]. MEC is rare, accounting for 2.5% of all malignant epithelial tumors of the 

endometrium in Japan [3]. According to a large-scale study of MEC, 40-50% of MECs 

contain clear cell components [4]. 

 Endometrial clear cell carcinoma (ECCC) is a rare endometrial carcinoma with 

characteristic histological features such as clear or oxyphilic cytoplasm, hobnail cells, 

and small round papillary structures often associated with a hyalinized stroma. However, 

these histological features sometimes overlap with endometrioid or serous carcinomas 

[5, 6]. Molecular subclassification according to The Cancer Genome Atlas (TCGA) scheme 

identifies that ECCC as a heterogeneous group of tumors [7-11]. These morphological 

and molecular overlaps cause poor diagnostic reproducibility of ECCC even among 

specialized gynecologic pathologists [12-14].  

  In this study, we focused on MEC containing an ECCC component (MEC-C), 

and performed clinicopathological analysis to clarify the molecular features and biology 

of MEC-C. 

  

Materials and Methods 

Patients 

This study was approved by the Ethics Committee of Okayama University Graduate 

School of Medicine, Dentistry and Pharmaceutical Sciences and Okayama University 

Hospital (1704-022). In this retrospective study, the pathology files of Okayama 

University Hospital between January 2006 and December 2019 were reviewed. Among 

605 hysterectomy cases of endometrial carcinoma, 18 were recorded as MEC-C or 



carcinoma containing an ECCC component. After a histological review of these cases, 3 

were excluded because 1 was considered as a pure serous carcinoma and 2 were 

considered as a pure clear cell carcinoma. The remaining 15 cases (2.5%) were included 

in this study.   

 All patients underwent a total hysterectomy, bilateral salpingo-oophorectomy 

with or without omentectomy, and pelvic and/or para-aortic lymphadenectomy. In all 

patients, the lymph node status was assessed using computed tomography (CT) with or 

without positron emission tomography (PET). Lymph nodes with short-axis lengths 

>10.0 mm on PET-CT or CT were defined as metastatic. No patients received 

neoadjuvant treatment. 

Histopathological review 

 Histological slides from all cases were reviewed by the authors (NI, MS and HY), 

who were blinded to the clinical course and IHC status data. The histological findings 

listed in the diagnostic recommendation of the International Society of Gynecological 

Pathologists for clear cell components were recorded [15]. Histological findings such as 

structure (usual or small round papillary structure without diffuse stratification, 

tubulocystic and/or solid configuration), and cytologic features (cuboidal, polygonal, or 

hobnail cells with clear or eosinophilic cytoplasm) were evaluated. Carcinoma mimicking 

clear cell carcinoma such as endometrioid carcinoma of secretory variant or nonspecific 

clear cells, and serous carcinoma were carefully excluded. Additionally, existence of 

microcystic, elongated, and fragmented glands (MELF) [16], lymphovascular space 

invasion (LVSI), squamous and/or mucinous differentiation were evaluated. The number 

of tumor-infiltrating lymphocytes (TIL) was evaluated as described by Shia et al [17], 

and cases with more than 40 TIL per 10 high-power fields (total area, 2.37 mm2) were 

evaluated as TIL positive. 

Immunohistochemistry 

 To investigate tumorigenesis, immunohistochemistry (IHC) for p53, p16, DNA 

mismatch repair (MMR) proteins (MLH1, MSH2, MSH6 and PMS2), ARID1A, and 

PTEN was performed. The immunohistochemical profile of ECCC was examined using 

several markers, including the estrogen receptor (ER), progesterone receptor (PgR), 

HNF-1β, and Napsin A. 

 The primary antibodies used in the study are listed in Table 1. Slides from 

representative formalin-fixed paraffin-embedded blocks were stained using an 

automated staining device (Benchmark Ultra; Ventana Medical Systems, Tucson, AZ), 

and the ultraView or OptiView staining kit (Ventana Medical Systems). Expression of 

p53 and MMR proteins was evaluated as previously described [18], and tumors lacking 



expression of any of the MMR proteins were classified as MMR-d. Strong, diffuse nuclear 

and cytoplasmic p16 staining, was considered as positive. The absence of PTEN and 

ARID1A staining, with positive staining of adjacent stromal cells, was considered loss of 

expression. Napsin A immunostaining was considered positive when more than 5% of 

the tumor cells exhibited cytoplasmic staining. ER, PgR, and HNF-1βwere considered 

positive if the tumor exhibited at least moderate nuclear staining intensity in >70% of 

tumor cells.  

  

Results  

The clinicopathological characteristics of patients with MEC-C are summarized in Table 

2. All patients were Japanese and patient age at diagnosis ranged from 32 to 83 years 

(median, 61 years), with 80% of the patients diagnosed with FIGO (International 

Federation of Gynecology and Obstetrics) stage I. Histologically, ten tumors had 

endometrioid and clear cell components; three tumors had endometrioid, clear cell and 

serous components; and two tumors had clear cell and serous components. 

 Representative histologic images of MEC-C are shown in Fig. 1. In seven 

(46.7%) cases, the clear cell component occupied less than 5%. The most common 

architecture was a papillary structure (13/15, 86.7%), followed by solid structure (10/15, 

66.7%). A combination of papillary and solid configuration was seen in seven (46.7%) 

tumors, and small round papillae were observed in seven (46.7%) tumors. Other features 

such as hobnail cells (8/15, 53.4%), hyaline stroma (6/15, 40.0%), and hyaline globules 

(4/15, 26.7%) were also observed.  

 MELF were seen in one case of mixed endometrioid and clear cell carcinoma. 

Seven cases showed LVSI and three of these patients had lymph node metastasis. 

Squamous differentiation and mucinous differentiation were seen in one case. Six cases 

were TIL positive.  

The immunohistochemistry results are summarized in Table 3 and representative 

immunohistochemistry images are shown in Fig. 2 and 3. Aberrant expression of p53 

was identified in three (20.0%) cases, two of which had serous components. In all cases, 

the IHC status of p53 was identical in both clear cell and non-clear cell components. The 

ages of the three patients with aberrant p53 expression were 60, 68, and 80. 

Two cases showed diffuse expression of p16 in both clear cell and non-clear cell 

components. One of them showed p53 aberrant expression. None of the MMR-d cases 

showed p16 diffuse expression. 

MMR-d was identified in nine cases (60.0%). In all cases, the clear cell and non-clear cell 

component showed identical MMR protein expression. LVSI was seen in five of the nine 



MMR-d cases (55.6%) and two of the six non-MMR-d cases (33.3%). TIL positive were 

more frequent in MMR-d cases than in non-MMR-d cases (55.6% versus 16.7%). One 

tumor (case 7) showed concurrent overexpression of p53 and loss of MLH1 expression 

(Fig. 3). The median age of patients with MMR-d MEC-C was 58 years (range, 32-72 

years), and with non-MMR-d MEC-C was 71 years (range; 61-83 years). The 

morphological characteristics of clear cell components between MMR-d and non-MMR-d 

cases were compared, and no differences were observed.  

ARID1A loss was observed in nine (60.0%) tumors in both clear and non-clear 

components. Among MMR-d cases, eight of nine cases lacked ARID1A expression (88.9%). 

In contrast, only one of six cases (16.7%) of non-MMR-d cases lacked ARID1A.  

Loss of PTEN could be evaluated in thirteen cases and it was observed in eight cases 

(61.5%). In these cases, both of clear cell and non-clear cell component were negative for 

PTEN. One case was morphologically mixed serous and clear cell carcinoma, but it 

showed a wild type p53 pattern and MMR-d.  

ER and PgR could be evaluated in fourteen cases. Clear cell component was positive for 

ER in one case (7.1%) and PgR was negative in all cases. In contrast, non-clear cell 

component was positive for ER and PgR in seven and two cases, respectively (50.0% and 

14.3%). 

HNF-1β expression in clear cell components was found in all tumors. Although HNF-1β 

staining was observed in both clear cell and non-clear cell components, clear cell 

components tended to show stronger HNF-1β expression than non-clear cell components. 

Napsin A expression was positive in eight (53.3%) tumors and was observed only in the 

clear cell component. 

  

Discussion 

 The prognosis of MEC is poorer than that of pure endometrioid carcinoma, 

hence accurate diagnosis is important. The key to MEC diagnosis is the recognition of 

serous or clear cell component. However, ECCC is rare, and some non-clear cell 

endometrial carcinomas can have a clear cytoplasm, as a result of this and the 

heterogeneity of ECCC, the reproducibility of ECCC diagnosis is modest [14]. Tumor cells 

of the secretory variant of endometrioid carcinoma have sub- or supranuclear vacuoles 

in the cytoplasm and mimic ECCC. In addition to the secretory variant, nonspecific clear 

cytoplasm can be seen in a minor proportion of endometrioid carcinomas [5]. Usually, 

these carcinomas lack the histological features of ECCC, such as small, round papillary 

configuration, tubulocystic pattern, hyalinized stroma, and nuclear pleomorphism. 

Serous carcinomas can show clear cell proliferation, and share high-grade nuclear atypia 



and hobnail-shaped cells with ECCC as well. Previous studies indicated that 14-32% of 

serous carcinomas contain “clear cell” components [6, 19].  

These diagnostic complications of ECCC result in low rates of MEC-C diagnosis 

reproducibility [20]. Besides these diagnostic problems, the prognosis of MEC-C is poorer 

than that of pure endometrioid carcinoma [1], but better than that of pure ECCC [21]. 

In this study, we adopted the morphological criteria recommended by the International 

Society of Gynecologic Pathologists [15]. In addition, we used supportive 

immunohistochemical positive markers such as HNF-1β and Napsin A, with all cases 

expressing at least one of these markers. Moreover, clear cell component in our series of 

MEC-C less frequently expressed ER and PgR than non-clear cell component. This 

finding is consistent with the rare expression of ER and PgR in ECCC [22-24].  

Recent studies revealed that MEC-C frequently shows MMR-d and that both clear and 

non-clear components harbor common genetic changes. The latter findings can indicate 

derivation of both components from a single clone [25]. Here, we performed an 

immunohistochemical study and found a relatively high frequency of MMR-d, loss of 

ARID1A, and low frequency of aberrant p53 expression. The clear cell and non-clear cell 

components demonstrate identical immunohistochemical findings of these molecules, 

and these results were consistent with previous observations.  

 MMR-d is a characteristic molecular finding in endometrial carcinoma. In 

previous studies, the frequencies of MMR-d or microsatellite instability in ECCC were 

inconsistent and ranged from 0 to 68.8% [8-11, 24, 26]. A previous study of MEC-C 

demonstrated loss of at least one of the MMR proteins expression in 66% of these tumors 

[21]. The results of our study are consistent with this observation, as 60% of the tumors 

show the MMR-d phenotype. A recent study of MEC composed of endometrioid and 

serous carcinoma in patients younger than 60 years, showed a high frequency of MMR-

d (5 of 12, 41.7%), which is uncommon in pure serous carcinoma [27]. This result and our 

findings in MEC-C suggest that MMR-d may cause genetic instability, and hence induces 

morphologic plasticity in endometrial carcinomas in young women. 

 MMR-d endometrial carcinomas show characteristic histological findings. In 

this study, we found that LVSI and TIL were more frequently seen in MMR-d cases. Some 

previous reports showed an increased frequency of LVSI and a higher number of TIL in 

MMR-d endometrial carcinoma [17, 28-33]. We also observed these trends in MEC-C and 

suggest that histological features could be clue for MMR-d cases. 

Mutation or loss of immunoreactivity of ARID1A has been detected in 8-25% of pure 

ECCC cases [10, 26, 34, 35] and in three of five MEC-C cases [25]. In our study, ARID1A 

loss was found in nine of fifteen cases, eight of which showed concurrent MMR-d. Only 



one case with ARID1A loss showed aberrant expression of p53. The relationship between 

ARID1A and p53 expression is controversial. One study indicated that ARID1A loss was 

not present in p53 wild-type pure ECCC [11]. However, in other studies, ARID1A loss 

correlated with the expression of wild type p53 [10, 36]. It has been suggested that 

ARID1A may cause microsatellite instability, by contributing to the epigenetic silencing 

of the MLH1 gene in endometrial cancer [37]. In the present study, seven of nine cases 

with ARID1A loss also lost MLH1 expression, supporting this hypothesis. Our results 

suggest that, loss of ARID1A function results in MMR-d phenotype and induces clear cell 

morphology.  

Previous studies have demonstrated aberrant expression of p53 in up to one-third of 

ECCC [10, 24, 38]. Aberrant p53 expression was previously observed in one of five cases 

of mixed endometrioid and clear cell carcinoma, and one of two mixed serous and clear 

cell carcinoma [25]. In our study, aberrant expression of p53 was observed in three of 

fifteen MEC-C and all patients were older than 60 years. Among them, two tumors 

contained serous carcinoma components. Aberrant p53 expression was observed in only 

one of nine tumors with MMR-d, and similar results were reported in a previous study 

[25]. These findings suggest that MMR-d and p53 abnormalities are independent 

molecular mechanisms of tumorigenesis in most MEC-C.  

 PTEN mutations are one of the most common molecular abnormalities of 

endometrioid carcinoma and detected in more than 80% ECCC. Frequency of PTEN 

mutations differ from 0 to 21% [7, 9, 10, 39]. One report showed loss of PTEN in 81.3% 

of ECCC [26]. High frequency of PTEN loss in our study showed that MEC-C is more 

similar to endometrioid carcinoma than pure ECCC. Here, we found that eight of nine 

MEC-C with PTEN loss had an endometrioid component. It is suggested that these 

tumors occurred as endometrioid carcinoma and the clear cell component developed later.    

 HNF-1β is a highly sensitive and specific marker of ovarian clear cell carcinoma; 

however, it is less sensitive and specific in ECCC [20]. HNF-1β expression is seen in 83-

100% of ECCC cases [34, 40]. In our study, all cases showed immunoreactivity for HNF-

1β in clear cell components. However, in eight cases (53.3%), both clear cell and non-clear 

cell components showed the same HNF-1β intensity. Therefore, while HNF-1β was 

associated with clear-cell morphology, the finding requires careful interpretation. 

     Napsin A is a diagnostic marker for ovarian clear cell carcinoma and is positive in 

15-75% of ECCC or MEC-C [21, 34, 41-44]. In the present study, seven of fifteen (46.7%) 

clear cell components showed Napsin A staining, but the non-clear cell components were 

negative. The role of Napsin A in the development, pathogenesis, and progression of 

ECCC is unclear; however, it may help distinguish clear cell carcinoma from other 



histologies. 

 The main limitation of our study is the small sample size, and that we could not 

conclude a relationship between prognosis and clinicopathological features. A previous 

study demonstrated better prognosis in patients with MEC-C than those with pure 

ECCC, and among MEC-C patients, the prognosis in MMR-d patients was favorable [21]. 

In our study, all MEC-C patients with MMR-d are alive but two patients with intact 

MMR died due to disease.  

 In conclusion, MMR-d was observed in 60% of MEC-C, showed a predilection for 

young women, and association with ARID1A loss. In contrast, non- MMR-d MEC-C was 

observed in elder women, and some tumors may associate with TP53 mutation. These 

findings suggest that MEC-C develop via two different molecular mechanisms, which 

are age-related events. In view of diverse prognosis and possible effects of immune 

checkpoint reagents [45], MMR status should be examined at the time of MEC-C 

diagnosis, and the results should be taken into consideration in decision making for 

patient management. 

  

Acknowledgement 

We would like to thank Editage for editing and reviewing this manuscript for English 

language. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1. Primary antibodies used in this study. 

Antigen Source Clone Detection Dilution 

p53 Agilent DO7 ultraView Prediluted 

p16 SantaCruz JC8 ultraView 1:500 

ARID1A Sigma-Aldrich Polyclonal ultraView 1:100 

MLH1 Roche M1 OptiView Prediluted 

PMS2 Roche A16-4 OptiView Prediluted 

MSH2 Roche G219-1129 OptiView Prediluted 

MSH6 Roche SP93 OptiView Prediluted 

Napsin A Nichirei Polyclonal ultraView Prediluted 

HNF-1β Sigma-Aldrich Polyclonal ultraView 1:100 

PTEN Roche SP218 ultraView Prediluted 

ER Roche SP1 ultraView Prediluted 

PgR Roche 1E2 ultraView Prediluted 

ER: estrogen receptor, PgR: progesterone receptor. Agilent (Santa Clara, CA), Santa 

Cruz (Dallas, TX), Sigma-Aldrich (St. Louis, MO), Roche (Tucson, AZ), Nichirei (Tokyo, 

Japan). 
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Table 2. Clinicopathological features. 

No. Age Histology 
FIGO 

Stage 

Mucinous or 

squamous 
LVSI TIL MELF 

Follow-

up(months) 

1 32 EmG1/CC IIIC1 (−) (+) (+) (−) 86 NED 

2 52 EmG2/CC IB (−) (+) (+) (−) 157 NED 

3 53 EmG2/CC IA Muc (+) (+) (−) 23 NED 

4 57 EmG1/CC IA (−) (+) (−) (−) 155 NED 

5 58 EmG1/CC IA (−) (−) (+) (−) 1 NED 

6 58 SC/CC IIIC1 (−) (+) (−) (−) 18 AWD 

7 60 EmG1/CC IA (−) (−) (−) (−) 41 AWD 

8 61 EmG1/CC IA (−) (−) (−) (−) 109 NED 

9 62 EmG3/CC IIIC1 (−) (+) (−) (−) 28 NED 

10 66 EmG1/CC IA (−) (−) (−) (+) 16 NED 

11 68 SC/CC IA (−) (−) (−) (−) 65 DOOD 

12 71 EmG1CC/SC IA Sq (−) (+) (−) 47 DOD 

13 72 EmG1/CC IA (−) (−) (−) (−) 5 NED 

14 80 EmG3/CC/SC IA (−) (−) (−) (−) 61 NED 

15 82 EmG1/CC IA (−) (+) (+) (−) 10 DOD 

CC: clear cell carcinoma, DOD: died of disease, DOOD: died of other disease, Em: 

endometrioid, FIGO: International Federation of Gynecology and Obstetrics, G: grade, 

LVSI: lymphovascular space invasion, MELF: microcystic, elongated, and fragmented 

glands, NED: no evidence of disease, SC: serous carcinoma, TIL: tumor infiltrating 

lymphocytes. 
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Table 3. Immunohistochemical findings. 

No. p53 p16 
MMR-d 

(loss) 
ARID1A PTEN 

HNF-1β 

non-

CC/CC 

NapsinA 

ER 

non-

CC/CC 

PgR 

non-

CC/CC 

1 wt (−) 
MLH1, 

PMS2 
(−) (−) (−)/(+) (−) (−)/(−) (−)/(−) 

2 wt (−) 
MLH1, 

PMS2 
(−) NA (−)/(−) (−) NA NA 

3 wt (−) 
MSH2, 

MSH6 
(−) NA (−) (+) (−) (+)/(−) (−)/(−) 

4 wt (−) 

MLH1, 

PMS2, 

MSH6 

(−) (−) (−) /(+) (−) (+)/(−) (−)/(−) 

5 wt (−) PMS2 (+) (−) (−)/(+) (+) (+)/(−) (+)/(−) 

6 wt (−) 
MLH1, 

PMS2 
(−) (−) (+)/(+) (−) (−)/(−) (−)/(−) 

7 Aberrant (−) 
MLH1, 

PMS2 
(−) (−) (+)/(+) (+) (+)/(−) (−)/(−) 

8 wt (−) (−) (+) (+) (+)/(+) (+) (−)/(−) (−)/(−) 

9 wt (−) (−) (−) (−) (−)/(+) (+) (−)/(−) (−)/(−) 

10 wt (−) 
MLH1, 

PMS2 
(−) (+) (+)/(+) (+) (+)/(+) (−)/(−) 

11 
Aberrant 

(null) 
(−) (−) (+) (+) (+)/(+) (+) (−)/(−) (−)/(−) 

12 wt (−) (−) (+) (−) (+)/(+) (−) (−)/(−) (−)/(−) 

13 wt (−) 
MLH1, 

PMS2 
(−) (−) (−)/(+) (−) (−)/(−) (−)/(−) 

14 Aberrant (+) (−) (+) (+) (+)/(+) (+) (+)/(−) (−)/(−) 

15 wt (+) (−) (+) (−) (−) (+) (+) (+)/(−) (+)/(−) 



CC: clear cell, NA: not available, wt: wild type. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure Legends 

Fig 1 Histological appearance of the clear cell component. (a) Solid growth of tumor cells 

with clear cytoplasm. Nuclei showed high-grade atypia. (b) Small round papillary growth 

with myxoid stroma. (c) Hyalinized stroma. (d) Hobnail cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig 2 Histology and immunohistochemistry of Case 5. (a) Clear cell component (left, 

lower) and endometrioid component (right). (b) Clear cell component showed papillary 

proliferation of hobnail cells. Clear cells were positive for HNF-1β(c) and Napsin A (d). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig 3 Histology and immunohistochemistry of Case 7. (a) Clear cell component (right) 

and endometrioid component (left). Both the endometrioid (left) and clear cell (right) 

components showed aberrant expression of p53 (b) loss of MLH1 expression (c) and 

ARID1A (d). 
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