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Abstract: Craniopharyngiomas (CPs) are rare tumors of the sellar and suprasellar regions of embry-
onic origin. The primary treatment for CPs is surgery but it is often unsuccessful. Although CPs
are considered benign tumors, they display a relatively high recurrence rate that might compromise
quality of life. Previous studies have reported that CPs express sex hormone receptors, including
estrogen and progesterone receptors. Here, we systematically analyzed estrogen receptor α (ERα)
and progesterone receptor (PR) expression by immunohistochemistry in a well-characterized series of
patients with CP (n = 41) and analyzed their potential association with tumor aggressiveness features.
A substantial proportion of CPs displayed a marked expression of PR. However, most CPs expressed
low levels of ERα. No major association between PR and ERα expression and clinical aggressiveness
features was observed in CPs. Additionally, in our series, β-catenin accumulation was not related to
tumor recurrence.

Keywords: craniopharyngiomas; estrogen receptor; progesterone receptor; β-catenin; immunohisto-
chemistry

1. Introduction

Craniopharyngiomas (CPs) are rare tumors of the sellar and suprasellar regions of
embryonic origin that seems to arise from the Rathke’s pouch [1,2]. CPs represent around
1.2–4.6% of all intracranial tumors and their incidence has been estimated to be 0.5–2 cases
per million people per year [2]. Although CPs may be diagnosed at any age, 30–50% of the
cases are found during childhood and adolescence [3]. There are two CP types that display
different clinical, histological, and molecular characteristics [2]. Thus, adamantinomatous
CPs constitute about 85–90% of CPs and are usually caused by mutations in the CTNNB1
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gene (which encodes the WNT-mediator protein β-catenin) [4]. Papillary CPs are mostly
found in adults and are associated with mutations in BRAF [5].

Although CPs are considered benign tumors and typically display slow growth they
are associated with an impaired quality of life due to the tumor’s anatomical localization
and/or surgical treatment [1]. Surgery is the first line of treatment for CPs [6,7]. However,
CPs are prone to local invasion and adherence to adjacent neurovascular tissues and thus,
total removal of the tumors is frequently incomplete [7,8]. Furthermore, surgery might
result in significant comorbidities particularly if gross total removal is attempted [8,9]. All
of these factors contribute to the increased morbidity and overall mortality seen in CP
patients [1,8,10].

Despite their histologically benign nature, CPs display a relatively high recurrence
rate [8,11]. In a recent meta-analysis of adult patients with CP, the average recurrence
rate was 23% when total resection was achieved and 45% with subtotal resection [11].
Consequently, a great effort has been made to identify predictors of recurrence in CPs [12].
In particular, several histological and molecular biomarkers have been analyzed for their
potential association with recurrence and other aggressive characteristics of CPs [13,14].
Nevertheless, none of them has yet achieved the consensus necessary to be used in clinical
practice as prognostic factors. Ki-67 is likely the most studied molecular marker regarding
CP recurrence but discordant results have been reported [14]. The role of the Wnt signaling
pathway in CPs has received considerable attention in recent years. The discovery that
mutations in the CTNNB1 gene that increase the stability of the β-catenin protein are
associated with the development of adamantinomatous CPs has prompted the evaluation
of β-catenin accumulation as a prognostic factor. Under normal conditions, β-catenin
is mostly localized in the cell membrane, but upon activation (for example, due to a
mutation), β-catenin is located in the cytoplasm and nucleus. Activation of the Wnt/β-
catenin pathway, measured as nuclear and/or cytoplasmic β-catenin localization, has been
reported to be associated with CP recurrence [15,16].

CPs have been reported to express sex hormone receptors [17,18]. Interestingly, a
relationship between the expression of sex hormone receptors and tumor biological be-
havior has been described in several intracranial tumors, including meningiomas [19] and
pituitary tumors [20,21]. Thus, low levels of estrogen receptor α (ERα) were found to be
associated with surgical reintervention in non-functioning pituitary adenomas [21] and an
overall worse prognosis in prolactinomas [20]. However, the potential association between
sex hormone receptor expression and aggressiveness in CPs has been barely analyzed. One
study reported increased recurrence in CPs negative for both estrogen and progesterone
receptor (PR) [22] but these results were not confirmed in another study [23]. Based on case
reports of women that experienced increased tumor growth during pregnancy, it has been
suggested that sex hormones might influence CP behavior [22]. Therefore, this raises the
question as to whether CPs expressing high or low levels of their receptors might display
different tumor behavior.

The aim of this study was to analyze ERα and PR expression in CPs and determine
their potential association with aggressive tumor features.

2. Material and Methods
2.1. Patients and Samples

Patients who underwent surgery for CPs at the Virgen del Rocío University Hospital
(Seville, Spain) between 2001 and 2017 were evaluated retrospectively. The diagnosis
of CPs was confirmed histologically by an experienced pathologist (E.R) rechecking the
hematoxylin/eosin-stained sections. Only CP samples containing enough tumor tissue and
of adequate quality for immunohistochemistry were included. In addition, only patients
with a follow-up of at least 3 years were included since this is the reported average time
for CP recurrence [12]. Gross total removal was defined as the absence of tumors on
postoperative neuroimaging. Recurrence was defined as the detection of a new lesion upon
gross total removal or the regrowth of tumor remnant on follow-up MRI neuroimaging.
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The study complies with the principles of the Helsinki Declaration of the World Medical
Association regarding human experimentation and was approved by the IBiS-Virgen del
Rocío Hospital Ethics Committee. Biopsy tumor samples were collected and managed by
the biobank of the public health system of Andalusia, Spain (Seville Node).

2.2. Histopathology and Immunohistochemistry

Tissue microarrays (TMAs) were generated from archival formalin-fixed paraffin-
embedded tissues of CPs. Cores of tissues were obtained from regions of the paraffin
blocks identified as tumoral tissue by an experienced pathologist (E.R.) upon inspection of
hematoxylin/eosin-stained sections. Duplicates of each CP and samples of normal pituitary
tissue were included in TMAs. Immunohistochemical analysis was performed as previ-
ously described [24]. Briefly, 5 µm sections of TMAs were deparaffinized, rehydrated, and
performed epitope retrieval (Tris-EDTA buffer, pH 9) using the PT Link system (Agilent,
Santa Clara, CA, USA). Sections were blocked with 3% donkey serum in PBS for 45 min
at room temperature. The following antibodies were used: CONFIRM anti-progesterone
receptor (1E2) rabbit monoclonal (Roche, prediluted), one-hour incubation; CONFIRM
anti-estrogen receptor (SP1) rabbit monoclonal (Roche, prediluted), overnight incubation;
and β-catenin mouse monoclonal (Cell Marque, 224M-17, prediluted), one-hour incuba-
tion. Diaminobenzidine (DAB) visualization was performed with the Envision Dual Link
System-HRP DAB+ Kit (Agilent, Santa Clara, CA, USA) according to the manufacturer’s
instructions. As a technical control, ERα and PR expression were analyzed in twenty-
year old paraffin-embedded tissue from breast tumors and found to work properly. Ki-67
immunohistochemistry (clone 30-9, VENTANA, Roche, catalog number 790-4286), was
performed using an automated immunostainer system (VENTANA, Roche, Basel, Switzer-
land) following the manufacturer’s instructions. Counterstaining with hematoxylin was
also applied. Immunohistochemistry for estrogen receptor β was not performed since we
were not able to obtain reliable immunoreactivity with available commercial antibodies.
The percentage of Ki-67 positively-stained tumor cell nuclei was used to determine the
Ki-67 index. For each sample, three randomly selected high-magnification fields were
examined (at least 500 tumor cells were counted). Immunoreactivity for ERα and PR was
measured quantitatively using the immunoreactivity score (IRS), a commonly used score
for immunohistochemistry in biomedical research [25]. Briefly, IRS is determined as the
product of the percentage of positive cells (0 = 0%; 1 = 1–10%; 2 = 11–50%; 3 = 51–79%; and
4 = >80%) and the intensity of immunostaining (0 = no staining; 1 = weak; 2 = moderate;
and 3 = strong). Of note was that only nuclear staining for these markers was considered
for the scoring. A classification was used to categorize IRS values into four categories:
negative (IRS, 0–1); low (IRS, 2–3); medium (IRS, 4–8); and high (IRS, 9–12), as previously
described [20]. Scoring for β-catenin was performed as previously described [16]. In short,
if the percentage of cells with cytoplasmic and/or nuclear β-catenin expression was greater
than 10%, the expression of β-catenin was classified as “aberrant”. Otherwise, the expres-
sion of β-catenin was categorized as “preserved”. Both duplicates of each CP in the TMA
were scored. If there was disagreement between the scores, the highest value was selected.

2.3. Statistical Analysis

The normality of the data was assessed using the Kolmogorov–Smirnov test. Categori-
cal variables are described as percentages and frequencies. Non-normally distributed data
are indicated as median values and interquartile ranges (IQR). For normally distributed
data, mean and SD are used. ANOVA and Student’s t tests were used for parametric vari-
ables and Kruskal–Wallis and Mann–Whitney tests for nonparametric variables. Chi-square
was used for categorical variables. Spearman’s rank correlation coefficient was used for
correlation analysis between continuous variables. P values were adjusted for multiple
comparisons by the Benjamini–Hochberg false discovery rate method. Statistical analysis
was performed using SPSS software version 25.0 (SPSS, Chicago, IL, USA). P values < 0.05
were considered statistically significant.
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3. Results
3.1. Patient and Sample Characteristics

A total of 41 CP samples met the inclusion criteria. The baseline clinical characteristics
of the study population are shown in Table 1. Primary tumor tissue was available for
30 samples; in 11 cases, only the recurrent tumor was available. Surgical resection was
subtotal (defined as the presence of tumor remnants after surgery) in 73.2% of patients.
Tumor relapse (combined tumor regrowth and recurrence events) within three years of
follow-up was found in 53.7% of the patients. Of those, only two patients showed recurrence
(i.e., tumor formation after gross total removal of the tumor) within three years of follow-up.

Table 1. Baseline characteristics of the study cohort.

Characteristics

Sex (% female) 46.3%

Age at diagnosis (years, median, IQR) 30 (9.5–58)

Pediatric patients [younger than 16] years (n,
%) 15 (36.6%)

Maximum tumor diameter at diagnosis (mm,
median, IQR) * 34 (25–40)

Histopathologic type (n, %)

Adamantinomatous 36 (87.8%)

Papillary 5 (12.2%)
* Data were available for only 31 patients.

3.2. Estrogen and Progesterone Receptor Expression in Craniopharyngiomas

Most CPs expressed ERα, albeit at low levels. The IRS median was 2 (IQR, 1–3.5).
Representative images of ERα immunoreactivity of the different IHC semiquantitative
grades in CPs are shown in Figure 1A. Sixteen CPs displayed no or negligible nuclear
staining (Figure 1B). Only one tumor showed high ERα levels (Figure 1B). Representative
images of PR immunoreactivity of the different IHC semiquantitative grades in CPs are
shown in Figure 2A. A high proportion of CPs expressed substantial PR levels (12 and
15 CPs were classified as medium and high categories, respectively). Indeed, only five CPs
were found to display any PR immunoreactivity (Figure 2B). The IRS median was 6 (IQR,
2–9). No differences in ERα or PR expression (as assessed by both IRS and semiquantitative
categories) were found between males and females. Additionally, no correlation between
ERα and PR expression was observed.

Figure 1. Immunohistochemical detection of estrogen receptor α (ERα) in CPs assessed by immuno-
histochemistry. (A) Representative pictures of ERα immunohistochemical categories in CPs. Negative,
no or only cytoplasmic immunoreactivity, IRS 0–1; low, IRS 2–3; medium, IRS 4–8; and high, IRS 9–12.
Scale bar: 50 µm. (B) Percentage of patients with CPs for IHC categories.
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Figure 2. Immunohistochemical detection of progesterone receptor (PR) in CPs assessed by immuno-
histochemistry. (A) Representative pictures of PR immunohistochemical categories in CPs. Negative,
no, or only cytoplasmic immunoreactivity, IRS 0–1; low, IRS 2–3; medium, IRS 4–8; and high, IRS 9–12.
Scale bar: 50 µm. (B) Percentage of patients with CPs for IHC categories.

3.3. Association between Estrogen and Progesterone Receptor Levels and Clinical Features
of Craniopharyngiomas

We assessed the potential association between ERα or PR expression levels and major
features of aggressiveness in CPs, namely tumor relapse. No significant differences were
found between tumor relapse within three years of follow-up and expression levels of ERα
or PR, as assessed by both the IRS and semiquantitative categories. We performed the same
analysis in males and females separately but CPs with or without relapse did not display
significantly different IRS values of ERα or PR.

Regarding other clinical characteristics, no significant correlations between ERα and
PR expression and age at diagnosis were observed. Similarly, ERα and PR expression was
not significantly different between pediatric and adult patients. No significant correlation
between ERα expression and tumor size was found. However, expression levels of PR (as
assessed by IRS) were directly correlated to tumor size (r = 0.497, Spearman FDR adjusted
p = 0.02). Indeed, tumor size was increased in CPs with high PR expression compared
to CPs with low PR expression (p = 0.005). Almost half of CPs (46.3%) displayed high
Ki-67 levels (>3%). The median Ki-67 index for CPs was 2.5 (IQR, 0.89–5.22). However, no
correlation between Ki-67 levels and ERα or PR IRS scores was found. Of note is that we
did not find differences between Ki-67 levels and tumor relapse. Finally, we did not find
statistically significant differences in expression levels of ERα or PR (as assessed by IRS)
between CP histopathologic types, although we have to note that the number of papillary
CPs in our cohort was low (five). Two papillary CPs showed high PR levels, two showed
low levels, and one was negative. Regarding ERα, one papillary CP displayed medium
levels, three displayed low levels, and one was negative.

3.4. β-Catenin Expression and CP Recurrence

Since previous studies have suggested an association between nuclear and/or cy-
toplasmic β-catenin accumulation and the risk of recurrence in CP [15,16] we sought to
investigate the association of β-catenin accumulation with aggressive features in our series
of CPs. Since papillary CPs are not driven by the Wnt pathway, they were excluded from
this analysis. Sixteen (44%) CPs displayed aberrant β-catenin accumulation, as assessed by
a previously described scoring system [16]. Representative images of β-catenin immuno-
histochemistry are shown in Figure 3. However, we did not find statistically significant
differences in relapse rates between CPs with aberrant and preserved β-catenin localization.
Additionally, no difference was found between β-catenin localization and sex, age, tumor
size, or Ki-67 levels.



J. Clin. Med. 2022, 11, 281 6 of 9

Figure 3. Immunohistochemical detection of β-catenin in CPs assessed by immunohistochemistry.
(A) Representative picture of a CP showing preserved β-catenin accumulation. (B) Representative
picture of a CP showing aberrant β-catenin accumulation. Scale bar: 50 µm.

4. Discussion

In this study, we examined the expression of ERα and PR in CP biopsies from
41 patients and analyzed the potential association between their expression and clinical
and pathologic features of CPs.

To assess the expression of ERα and PR, we used immunohistochemical methods using
reliable, diagnostic-grade antibodies. Immunohistochemistry has certain advantages over
other methods of gene expression analysis, such as quantitative real-time PCR. Although
immunohistochemistry is not a complete quantitative method to measure protein accumu-
lation, it allows precise protein localization within tissues. This is particularly important
in tumors such as CPs, which can have a high amount of stromal tissue surrounding the
tumoral cells. Thus, immunohistochemistry allows the quantification of protein accumula-
tion specifically in tumoral cells and, therefore, provides a more accurate scoring. In our
study, we measured immunoreactivity for ERα and PR using the immunoreactivity score
(IRS). We decided to implement this scoring method since it is a widely used system for
immunohistochemistry in biomedical research [25]. This method also allows us to obtain
a semiquantitative measure of protein expression. Indeed, this scoring system has been
previously used to evaluate ERα and PR levels in other types of intracranial tumors [21].
We observed that the majority of CPs (75.6%) displayed negative or low ERα expression
levels. Furthermore, only one CP showed elevated ERα levels. On the contrary, most CPs
(65.9%) exhibited medium or high PR expression levels. Sex hormone receptor expression
in CPs has been scarcely analyzed [17,18,22,23]. Nevertheless, our findings are largely
in agreement with results from previous studies that also used immunohistochemistry
(although antibodies were obtained from a different vendor) to evaluate ERα and PR
expression in CPs [23]. Sex differences in ERα or PR expression have been reported in
other types of tumors. However, in line with previous studies [17,18,23], we did not find
significant differences in ERα or PR expression between sexes.

It has been postulated that sex hormones may impact CP behavior [22] based on case
reports of women who experienced accelerated tumor growth during pregnancy [26,27].
However, we found no association between ERα and PR expression and tumor relapse,
results that are in agreement with a previous study [23]. Another study found an increased
risk of recurrence in CPs with negative expression of both ERα and PR [22]. We were
not able to test this observation since the number of CPs negative for both receptors in
our study was too low to make meaningful analyses. Regarding other clinical variables,
we found a positive correlation between PR expression and tumor size. However, the
biological relevance of this finding it is unclear since PR expression was not associated
with proliferation levels (as assessed by Ki-67 immunohistochemistry). Similarly, ERα
expression did not show any association with Ki-67 levels. Finally, ERα and PR expression
were not associated with age at diagnosis. Since previous studies found that the association
between ERα expression and prognosis in pituitary tumors (and other tumor types [28])
was sex-related [21], we performed subgroup analysis by sex. Again, no association



J. Clin. Med. 2022, 11, 281 7 of 9

between ERα and PR expression and risk of recurrence was observed. Altogether, our
results indicate that ERα and PR expression are not associated with major aggressive tumor
features, results largely in line with a previous study that analyzed ERα and PR expression
by quantitative real time PCR [23]. An association between ERβ expression and tumor
biological behavior has been described in pituitary tumors [29]. It would be interesting to
analyze ERβ expression in CPs. However, we were not able to find a reliable commercial
ERβ antibody and thus its expression could not be analyzed in our study.

Aberrant β-catenin cellular localization has been described as associated with CP re-
currence [15,16]. We analyzed β-catenin accumulation using the dichotomous classification
previously described by Li et al. [16] in our series of CPs. A substantial proportion of CPs
(44.4%) displayed aberrant β-catenin accumulation, i.e., more than 70% of cells showed
nuclear and/or cytoplasmic localization. The proportion of CPs with aberrant β-catenin
accumulation observed in our cohort is fully in line with that reported by Li et al. [16].
However, in contrast to previous studies [15,16], we found no association between abnor-
mal β-catenin accumulation and tumor relapse. Nevertheless, we need to note that the
follow-up in our cohort was restricted to three years while the follow-up duration in those
studies was longer (for instance, the median duration was 42.5 months in Li et al. [16]),
therefore limiting comparison with our study. Additionally, variations in terms of patient
cohort might also account for this discrepancy. For purposes of comparison with these
previous studies, a longer follow-up in our cohort will be necessary. However, at least in
our hands, β-catenin accumulation does not seem to predict short-term tumor recurrence.
In line with the literature [15,16] no other correlations between β-catenin accumulation
and other clinical variables (sex, age at diagnosis, and tumor size and proliferation levels)
were found.

We need to acknowledge several limitations in our study. Some of these limitations are
inherent to research in CPs, such as the retrospective design, low prevalence of these tumors,
and heterogeneity of the patient cohort (in our case, pediatric and adult patients were
combined). Additionally, we need to note that the risk of recurrence in CP is largely related
to subtotal removal of the tumor [1,14] and thus surgery success might be a confounding
factor in our analysis. Finally, although our study includes a relatively large number
of samples to properly assess sex hormone receptor expression, subgroup analysis (for
instance, by sex as discussed above) is somewhat hampered.

In conclusion, we found that most CPs express relatively low levels of ERα. By contrast,
most CPs express high levels of PR. ERα and PR expression was not associated with the ma-
jor aggressive features of CPs. Additionally, no significant associations between β-catenin
accumulation and major clinical variables of interest were observed in our cohort. Our
finding that a considerable proportion of CPs display appreciable levels of ERα expression
might have potential therapeutic implications for the use of estrogen receptor inhibitors,
such as tamoxifen, for CP treatment as in other types of hormone-dependent tumors.
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