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A B S T R A C T   

Glucocorticoid receptor can be associated with poor prognosis among a variety of solid tumors in the absence of 
other nuclear hormone receptors. Our objective was to characterize differences in glucocorticoid receptor (GR), 
estrogen receptor (ER), progesterone receptor (PR), and androgen receptor expression in the sarcomatous versus 
carcinomatous components of ovarian and uterine carcinosarcomas. Eighteen patients diagnosed with Mullerian 
carcinosarcoma between May 2009 and August 2014 were included. Nuclear receptor expression was evaluated 
by immunohistochemistry using whole tissue specimens. Receptor expression was quantified using the H-score. 
Mean H-scores were compared between the sarcomatous and carcinomatous components of tumors using Wil
coxon signed-rank tests. We found that GR expression was significantly higher in the sarcomatous components 
than in the carcinomatous components of the cancers (mean H score 144.4 vs 38.9, p = 0.002). Conversely, ER 
(3.1 vs 63.1, p = 0.002) and PR (1.7 vs 47.2, p < 0.0001) expression were significantly decreased in the 
sarcomatous component compared to the carcinomatous component. Androgen receptor expression was low 
overall (0 versus 2.8, p = 0.04). We hypothesize that GR-high, ER/PR-low expression is associated with epithelial 
to mesenchymal transition in the sarcomatous cells and may serve as a potential therapeutic target.   

1. Introduction 

Carcinosarcomas are rare and aggressive gynecologic malignancies 
defined by a biphasic tumor histology including both carcinomatous and 
sarcomatous components (Berton-Rigaud et al., 2014). Mullerian car
cinosarcomas have been reported to account for 5% or less of all ovarian 
and endometrial malignancies, but the survival outcomes are worse than 
for high grade serous and endometrioid tumors of the ovary and endo
metrium, respectively (Berton-Rigaud et al., 2014). Primary tumors with 
a greater proportion of sarcomatous histology – sometimes referred to as 
sarcoma-dominant – behave more aggressively than carcinoma- 
dominant tumors and carry a worse prognosis (Matsuo et al., 2018). 
While carcinosarcomas were initially classified and treated as sarcomas, 
a growing body of evidence suggests that carcinosarcomas arise from a 

precursor epithelial cell with transformation into sarcomatous compo
nents (McCluggage, 2002). Accordingly, gynecologic carcinosarcomas 
are managed as aggressive carcinomas rather than sarcomas (Berton- 
Rigaud et al., 2014). The carcinoma and sarcomatous components share 
common somatic mutations (Zhao et al., 2016; Cherniack et al., 2017). 
However, there is also intercomponent heterogeneity, e.g., in epithelial 
to mesenchymal transition (EMT) related genes, with greater hetero
geneity noted in more advanced or aggressive cases (Liu et al., 2018). 
Examples of relevant genes include epithelial markers such as E-cad
herin, mesenchymal markers such as vimentin, and transcription factors 
such as Slug and Snail. Understanding the differences between the 
epithelial and mesenchymal components may help us to understand the 
lineage-specific biology of these difficult-to-treat cancers and target 
treatments more effectively. 
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Glucocorticoid receptor (GR) signaling is increasingly recognized as 
an important mediator of solid tumor biology and is expressed to 
varying degrees in many carcinomas (Block, 2017). Its impact on tumor 
behavior is extremely context dependent. For example, high GR 
expression in estrogen receptor (ER)-positive breast cancer is associated 
with cell differentiation, decreased proliferation, and better clinical 
outcomes (West et al., 2016), whereas in ER-negative breast cancer high 
GR expression is correlated with EMT-associated gene expression, de- 
differentiation, and a poor prognosis (Pan et al., 2011). In preclinical 
studies of castrate-sensitive prostate cancer, GR activation appears to 
slow disease progression, but when prostate cancer becomes castrate- 
resistant, GR signaling drives more aggressive disease (Kach et al., 
2015). Similarly, recent data suggest that GR signaling becomes 
increasingly important in driving metastases as breast cancer becomes 
more advanced (Obradović et al., 2019). Increased GR expression cor
relates with poor outcomes in both endometrial cancer (Tangen et al., 
2017) and ovarian cancer (Veneris et al., 2017). Information about the 
other hormonal receptors was not available for the study in ovarian 

cancer patients, but among the endometrial cohort, this poor prognosis 
was somewhat ameliorated in the presence of positive estrogen, pro
gesterone, or androgen receptor expression. Based on the observed as
sociation of EMT with GR expression in other estrogen and progesterone 
receptor (PR) negative cancers, as well as prior research demonstrating 
GR expression in sarcomas (Block, 2017), we hypothesized that tumor 
cells in the sarcomatous regions of carcinosarcoma would have higher 
GR expression and lower ER/PR expression, while the carcinoma cells 
would express relatively decreased GR and higher ER and PR expression. 

2. Methods 

2.1. Patient specimens 

Archival primary Mullerian carcinosarcoma specimens were 
retrieved from patients diagnosed at The University of Chicago between 
May 2009 and August 2014 using the in-house ovarian cancer database 
(Institutional Review Board [IRB] 13372B) (Sawada et al., 2007) and a 

Fig. 1. Human tissue from an ovarian carcinosarcoma, with staining for a) glucocorticoid receptor; b) estrogen receptor; c) progesterone receptor; d) androgen 
receptor. H&E staining with the carcinomatous component outlined is shown in panel e). All magnifications are 20X. 
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retrospective review of endometrial specimens under a separate proto
col (IRB 18–1837). All specimens were evaluated by a gynecologic 
pathologist (RL) to confirm the diagnosis using H&E staining. 

2.2. Immunohistochemistry (IHC) 

Four-micron sections were cut from formalin-fixed paraffin- 
embedded (FFPE) whole tissue sections. Standard techniques were used 
to stain tissue sections for estrogen receptor (Leica Biosystems, mouse 
IgG1 clone 6F11, 1:60 dilution), progesterone receptor (Leica Bio
systems, mouse IgG1 clone 16, 1:300 dilution), androgen receptor (Leica 
Biosystems, mouse IgG clone AR441, 1:250 dilution), and GR (Leica 
Microsystems, rabbit IgG Cat#3660, dilution 1:1500). One pathologist 
(RL) reviewed the IHC slides. Receptor expression was quantified using 
the H-score, as previously described (Block, 2017). H-score is a 
commonly used expression assessment tool which takes into account 
both staining intensity and staining frequency throughout the tumor. 

Staining intensity was interpreted as none (0), weak (1 + ), moderate (2 
+ ), and strong (3 + ). Percentage of component staining was scored as a 
continuous variable from 0 to 100%. H-score was calculated by multi
plying staining intensity by percentage of cells with staining (range: 
0–300). 

2.3. Statistical analysis 

H-scores for the sarcomatous and carcinomatous components of the 
specimens were compared using a Wilcoxon signed-rank test. Statistical 
significance was defined as p < 0.05. 

3. Results 

Eight endometrial carcinosarcomas and ten ovarian carcinosarcomas 
were identified. An example of GR, ER, PR, and androgen receptor tissue 
staining is shown in Figs. 1 and 2. Table 1 summarizes the differences in 

Fig. 2. Human tissue from an endometrial carcinosarcoma, with staining for a) glucocorticoid receptor; b) estrogen receptor; c) progesterone receptor; d) androgen 
receptor. H&E staining with the carcinomatous component outlined is shown in panel e). All magnifications are 20X. 
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nuclear receptor expression between the sarcomatous and carcinoma
tous components of tumors. Overall, mean GR H-score was significantly 
increased in the sarcomatous component when compared to the carci
nomatous component of tumors (144.4 vs 38.9, Wilcoxon test, p =
0.002). A summary of differences in receptor expression by tumor type is 
also listed in Table 1. 

Expression of the other steroid hormone receptors also differed be
tween the sarcomatous and carcinomatous components, with estrogen, 
progesterone, and androgen receptors all higher in the carcinomatous 
components relative to the sarcomatous components. The mean estro
gen receptor H-score was 3.1 in the sarcomatous components versus 
63.1 in the carcinomatous components (Wilcoxon test, p = 0.002). Mean 
progesterone receptor H-score was 1.7 in the sarcomatous components, 
versus 47.2 in the carcinomatous components (Wilcoxon test, p <
0.001). Androgen receptor expression was low overall and not expressed 
in the sarcomatous component of any tumor, resulting in a mean 
androgen receptor H-score of 0 in the sarcomatous components and 2.8 
in the carcinomatous components (Wilcoxon test, p = 0.04). 

4. Discussion 

The present study is the first to assess GR expression in carcinosar
comas of Mullerian origin. Carcinosarcomas are one model for 
epithelial-mesenchymal transition (Zhao et al., 2016), with increased 

expression of EMT-associated genes in the sarcomatous component of 
carcinosarcomas relative to the carcinomatous component. Although 
most likely derived from a single progenitor cell, the two compartments 
do have some important differences. It is also worth noting that the 
trend for expression differences of each of the receptors in the carcinoma 
versus sarcoma components were similar in the uterine and ovarian 
tumors; e.g., glucocorticoid receptor expression was higher in the sar
coma component, and estrogen, progesterone, and androgen receptors 
were higher in the carcinoma component. Our results add to that 
growing body of literature by highlighting differences in glucocorticoid 
receptor expression, which has not been previously explored, and which 
could have both mechanistic and therapeutic implications. 

Recent molecular evaluations have highlighted the role that EMT 
plays in the evolution from carcinomatous to sarcomatous features. One 
recent study performed whole exome sequencing on 41 Mullerian car
cinosarcomas (Zhao et al., 2016). Multiregion whole-exome sequencing 
was performed in six of these tumors in order to investigate their origins. 
In these tumors, the sarcomatous and carcinomatous components were 
analyzed separately, confirming a common, epithelial precursor lesion. 
Along with identification of many common mutations among epithelial 
ovarian and endometrial carcinomas, these sequencing data also 
demonstrated a significant number of alterations among histone genes, 
including several that were previously unrecognized. The authors hy
pothesize that these changes may contribute to some of the differential 
expression in the carcinomatous and sarcomatous components, and to 
the EMT that is seen in these tumors (Zhao et al., 2016). In laboratory 
data from triple-negative breast cancer, GR expression and activity also 
appear to drive EMT-associated gene expression (Pan et al., 2011). In 
this preclinical study, ER-negative breast cancer cell lines were treated 
with dexamethasone and 187 glucocorticoid receptor direct target genes 
were identified. Using gene enrichment pathway analysis, functional 
pathways associated with glucocorticoid receptor activation were 
identified. One of the top 10 pathways associated with activation was 
that associated with regulation of EMT. Extrapolating from those data, 
we speculate that GR may similarly act as a transcriptional driver of EMT 
in the transformation of carcinomatous to sarcomatous cells in these 
interesting tumors. 

Whereas glucocorticoid receptor expression was upregulated, estro
gen receptor and progesterone receptor were relatively decreased in the 
sarcomatous component of carcinosarcomas. We hypothesize that one of 
the key events leading to aggressive disease in hormone-driven cancer 
may be the upregulation of glucocorticoid receptor. However, it remains 
unclear whether it is glucocorticoid upregulation on its own, or gluco
corticoid receptor upregulation in the context of downregulation of 
other hormonal receptor expression. In addition to the potential prog
nostic and mechanistic implications, GR expression may also represent a 
potential therapeutic target (Kach et al., 2015) for patients with carci
nosarcomas. Given the relative chemotherapy-resistance of carcinosar
comas, identifying new treatment options for this subset of patients is 
critical. Studies testing GR antagonists as chemotherapy-sensitizing 
agents have been developed. Preliminary data from a Phase II study of 
relacorilant, a selective GR modulator, demonstrated an improvement in 
median progression-free survival for patients with platinum-resistant 
ovarian cancer who received the combination of intermittent relacori
lant and nab-paclitaxel over nab-paclitaxel alone (5.6 months versus 3.8 
months, p < 0.05) (Colombo et al., 2021). Preclinical data suggest that 
the combination of paclitaxel and a glucocorticoid receptor antagonist 
may also be worthy of investigation in pancreatic cancer and breast 
cancer patients (Greenstein and Hunt, 2021; Skor et al., 2013). Future 
studies should elucidate the mechanistic role that high GR expression 
and activity may play in the aggressive nature of these gynecologic 
cancers, with the hope that new treatment strategies can be tested. 
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Table 1 
Differential Nuclear Receptor Expression in Carcinomatous versus Sarcomatous 
Components of Gynecologic Carcinosarcomas.    

GR H-score ER H- 
score 

PR H- 
score 

AR H- 
score 

Overall 
(n =
18) 

Sarcomatous - 
mean 
(range) 

144.4 
(0–300) 

3.1 
(0–50) 

1.7 
(0–20) 

0 
(0–0) 

Carcinomatous - 
mean 
(range) 

38.9 
(0–160) 

63.1 
(0–300) 

47.2 
(0–210) 

2.8 
(0–20) 

Mean of 
differences 
(range) 

105.6 
(-70–300) 

− 60 
(-270–5) 

− 45.6 
(-210–0) 

− 2.8 
(-20–0) 

95% Confidence 
Interval 

47.3–163.8 − 107.4 
to − 12.6 

− 74.7 to 
− 16.5 

− 5.6 to 
0.1 

P-value 0.002 0.002 <0.0001 0.04 
Ovarian 

(n =
10) 

Sarcomatous - 
mean 
(range) 

185 
(10–300) 

0.5 
(0–50) 

3 
(0–20) 

0 
(0–0) 

Carcinomatous - 
mean 
(range) 

68 
(10–160) 

96.5 
(0–300) 

63 
(0–210) 

4 
(0–20) 

Mean of 
differences 
(range) 

117 
(-70–290) 

− 91.5 
(-270–0) 

− 60 
(-210–0) 

− 4 
(-20–0) 

95% Confidence 
Interval 

29.5 to 
204.5 

− 173.9 
to − 9.1 

− 111.9 
to − 8.1 

− 9.0 to 
1.0 

P-value 0.01 0.008 0.007 0.08 
Uterine 

(n = 8) 
Sarcomatous - 
mean 
(range) 

93.8 
(0–300) 

0.6 
(0–5) 

0 
(0–0) 

0 
(0–0) 

Carcinomatous - 
mean 
(range) 

2.5 
(0–20) 

21.3 
(0–120) 

27.5 
(0–90) 

1.3 
(0–10) 

Mean of 
differences 
(range) 

91.3 
(0–300) 

− 20.6 
(-40–5) 

− 27.5 
(-90–0) 

− 1.3 
(-10–0) 

95% Confidence 
Interval 

− 6.5 to 
189 

− 56.2 to 
15.0 

− 52.3 to 
− 2.7 

− 4.2 to 
1.7 

P-value 0.005 0.11 0.005 0.38 

Legend: 
GR = glucocorticoid receptor; ER = estrogen receptor; PR = progesterone re
ceptor; AR = androgen receptor. 
p-value: computed using t-tests. 
H-score was calculated by multiplying staining intensity (0 to 3 + ) by per
centage of cells (0 to 100%) with staining. 
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