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ABSTRACT

OBJECTIVE: Galectin-3 (Gal-3) belongs to the family of carbohydrate-binding proteins with 
high affinity for galactoside and is involved in many biological processes including cell growth 
and differentiation, cell adhesion, tumor progression, apoptosis and metastasis. The aim of this 
study was to disclose differences in the expression of Gal-3 in silent and functioning corticotroph 
pituitary adenomas. DESIGN: We examined 30 pituitary adenomas (19 functioning cortico-
troph, 11 silent corticotroph adenomas). Two prolactinomas and 2 functioning somatotroph 
adenomas served as positive controls. Antigen retrieval was done by three-minute incubation 
via pressure boiler in citrate buffer solution, pH 6.0. A polymer was used as a secondary link 
to DAB chromogen. The independent variables t-test was used for comparison of the mean 
expression of Gal-3 in the two different corticotroph adenoma subgroups. RESULTS: Eighteen 
of the functioning corticotroph adenomas (94.73%) were positive for Gal-3 with a cytoplasmic 
and focally membranous distribution; two cases also exhibited nuclear expression, whereas 9 
of the silent corticotroph adenomas (81.81%) had zero or <1% expression of Gal-3 (p=0.001). 
CONCLUSIONS: Gal-3 is highly expressed in functioning corticotroph adenomas of the pitui-
tary gland, while silent adenomas exhibit very focal to null expression of Gal-3. This observa-
tion can be used in the pathological diagnosis to separate functioning from silent corticotroph 
adenomas of the pituitary.
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Introduction

Galectins are a family of carbohydrate-binding 
proteins with a high affinity for β-galactoside.1 Gal-3 

is one of the most extensively investigated proteins 
of the 14-member group of galectins involved with β 
1,3 (4)-galactosylation.2,3 Gal-3 is implicated in cell 
growth and differentiation, cell adhesion, angiogenesis, 
tumor progression, apoptosis and metastasis and has 
been detected in many human tumors and cell lines, 
including thyroid, colon and breast.4-9 Gal-3 expres-
sion was detected by immunohistochemistry and 
western blot analysis in lactotrophs, corticotrophs 
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and folliculostellate cells of normal human pituitar-
ies; also in corticotroph and lactotroph adenomas 
and carcinomas.10,11 Recently, a significant difference 
in Gal-3 expression was found between functioning 
and silent corticotroph adenomas.11

Nonfunctioning corticotroph adenomas can be 
diagnosed as silent only when clinical information 
confirming lack of hypercortisolism is available. 
Silent corticotroph adenomas are morphologically 
indistinguishable from ordinary functioning ACTH-
producing adenomas by histology, histochemistry and 
immunohistochemistry. There is, so far, no specific 
marker to distinguish silent from functioning adeno-
mas.12 Silent subtype 2 corticotroph adenomas can 
only be differentiated by electron microscopy.13

The aim of this study was to further investigate the 
role of Gal-3 as an immunohistochemical marker in 
the differential diagnosis of silent from functioning 
corticotroph adenomas.

MATERIAL and METHODS

Thirty pituitary adenomas, 19 functioning cor-
ticotroph and 11 silent corticotroph were retrieved 
from the files of the Pituitary Tumor Reference 
Center, Department of Pathology, G. Gennimatas 
Athens General Hospital, Hellas. All patients with 
functioning corticotroph adenomas were associated 
with Cushing’s disease and showed elevated serum 
cortisol levels, whereas those with silent were clini-
cally presented with symptoms related to the tumor 
mass. The tumors were examined by histology, his-
tochemistry with the periodic acid-Schiff technique, 
and immunohistochemistry for all adenohypophysial 
hormones (GH, PRL, ACTH, -TSH, -FSH, -LH 
-SU) as described previously.12

Immunohistochemistry for Gal-3 was performed 
in all corticotroph adenomas, as well as in 2 prolac-
tinomas and 2 functioning somatotroph adenomas; 
the latter served as positive controls. Sections of 4 
to 6 m thick cut from buffered formalin-fixed, par-
affin-embedded tissues were immunostained with 
Gal-3 monoclonal antibody (Vector Laboratories, 
Inc., Burlingame CA, dilution 1:500). The one step 
Envision polymer (Dako A/S, Glostrup, Denmark) 
was used as a secondary link to DAB chromogen. 
Before application of the primary antibody, antigen 

retrieval was carried out by three-minute incubation 
with a pressure boiler in citrate buffer solution, pH 
6.0. Tissue sections from functioning corticotroph 
adenomas, where citrate buffer substituted the pri-
mary antibody, served as negative control. For the 
independent variables, t-test (SPSS 10) was used for 
comparing the mean expression of Gal-3 in the two 
different types of corticotroph adenomas. For further 
analysis, the non-parametric Mann-Whitney U test 
was performed.

RESULTS

All 30 tumors were basophilic in routine stains, PAS 
positive and typically immunoreactive for ACTH. One 
functioning adenoma with extensive Crooke’s hyaline 
deposits in tumor cells was classified as Crooke’s 
adenoma. Crooke’s hyaline change in corticotroph 
cells of the adenohypophysial parenchyma fragments 
included in the specimens were exclusively noted in 
functioning corticotroph adenomas.

Eighteen functioning corticotroph adenomas 
(94.73%) expressed Gal-3. The mean percentage of 
Gal-3 positive adenoma cells was 77% (SD: 31.35%). 
The distribution of Gal-3 immunoreactivity was dif-
fuse, cytoplasmic and focally membranous (Figure 
1a). Negative case control is shown in Figure 1b. Two 
functioning tumors also exhibited nuclear expres-
sion. Marked membranous Gal-3 distribution with 
nuclear immunostaining was particularly noted in 
the Crooke’s adenoma (Figure 2). The patient with 
the Crooke’s adenoma was an 18-yr-old woman, 
who received external irradiation after surgery and 
developed panhypopituitarism; her serum cortisol 
levels dropped to zero. Five years after surgery, the 
patient is under corticoids replacement therapy with 
no further complications.

In addition, Gal-3 immunoreactivity highlighted 
the cytoplasmic processes of scattered folliculostellate 
cells included in functioning and silent corticotroph 
adenomas (Figure 3), as well as in the nontumorous 
adenohypophysial parenchyma. In contrast, among 
the silent corticotroph adenomas, 9 (81.81%) were 
completely negative for Gal-3, or were positive in less 
than 1% of their cell population. The two remaining 
silent adenomas expressed Gal-3 in 15% and 80% of 
their tumor cells (overall mean percentage in silent 
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Table 1. Descriptive statistics of functioning and silent corticotroph 
adenomas

Number  
of cases

Adenoma type Mean Gal-3 expression  
(% cells) mean±SD (SEM)

19 Functioning 77.00±31.35 (7.72)
11 Silent 8.72 ±24.05 (7.25)

Figure 1b. Negative case control of functioning corticotroph 
adenoma. The primary antibody was omitted and substituted 
by buffer solution (ABC 20X).

Figure 2. Membranous distribution of Gal-3 with nuclear im-
munoreactivity in a Crooke’s cell adenoma. The hyaline depos-
its remain negative (ABC 10X).

Figure 3. Gal-3 negative silent corticotroph adenoma. Gal-3 
reveals and highlights the cytoplasmic processes folliculostel-
late cells distributed among adenoma cells and focally forming 
follicles (ABC 20X).

Figure 1a. Strong and diffuse Gal-3 immunoreactivity in a func-
tioning corticotroph adenoma (ABC 20X).

tumors: 8.72%, SD: 24.05%). Our results show sta-
tistically significant difference in Gal-3 expression 
between functional and silent corticotroph adenomas 
(Mann-Whitney U p value <0.001). The descriptive 
statistics and crosstabulation of Gal-3 expression are 
shown in Tables 1 & 2. The distribution and bloxplot 
of comparison of Gal-3 expression are shown in Fig-
ures 4 and 5, respectively.

DISCUSSION

Silent corticotroph adenomas, first described 
by Horvath et al,14 are characterized by immuno-

histochemical staining of ACTH and other POMC 
derived peptides as β-endorphin; however, they are 
not associated with clinical signs of hypercortisolism. 
Two subtypes are described, subtype 1 and subtype 
2, diagnosed only by electron microscopy. Clinically, 
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Thus, silent corticotroph adenomas are histo-
logically indistinguishable from the functioning ones, 
which are clinically associated either with Cushing’s 
disease or Nelson’s syndrome. Therefore, the dif-
ferential diagnosis is based on clinical information 
alone. The only histological sign indicating that a 
corticotroph adenoma is silent is the absence of 
Crooke’s cells in the nontumorous corticotroph cells 
when adenohypophysial tissue fragments are included 
in the sample.12 Crooke’s hyaline changes represent 
deposits of cytokeratin intermediate filaments in the 
cytoplasm of corticotroph cells showing a character-
istic glassy appearance. It is throught to represent a 
functioning response to the elevated serum cortisol 
levels, which is reversible. Reversibility of Crooke’s 
hyaline change after discontinuation of treatment 
with corticosteroids has been observed in autopsy 
studies.15

By electron microscopy, functioning and silent type 
1 corticotroph adenomas show identical morphologic 
features, including the presence of cytokeratin inter-
mediate filaments type 1, which represent their diag-
nostic hallmark. In contrast, silent type 2 adenomas 
are different and unlike, silent type 1 tumors, they 
are devoid of microfilaments type 1. Unfortunately, 
no other specific marker is available so far to differ-
entiate the silent from the functioning subgroup of 
corticotroph adenomas.

A previous study of galectin mRNA by RT-PCR 

Table 2. Crosstabulation of Gal-3 expression in functioning and 
silent corticotroph adenomas (cut-off value 1%)

Adenoma type
Functioning Silent Total

Gal-3 High Count % n:18 n:2 n:20

  within HL 90.0 10.0 100.0
  within TYPE 94.7 18.2 66.7
  of Total 60.0 6.7 66.7

Low Count % n:1 n:9 n:10

  within HL 10.0 90.0 100.0
  within TYPE 5.3 81.8 33.3
  of Total 3.3 30.0 33.3

Total Count % n:19 n:11 n:30

  within HL 63.3 36.7 100.0
  within TYPE 100.0 100.0 100.0

  of Total 63.3 36.7 100.0

Figure 4. Distribution of expression of Gal-3 in functioning and silent corticotroph adenomas.

they present as rapidly growing tumors causing symp-
toms related to their mass effect. Silent corticotroph 
adenomas are thought to derive from the basophilic 
POMC immunoreactive cells of the pars intermedia. 
These cells, which often invade the posterior lobe 
(basophilic invasion), are identical with the functioning 
corticotroph cells of the pars distalis, with regard to 
their ultrastructural morphology basophilia in H&E 
stain, positivity via PAS technique, and immunoreac-
tivity for ACTH and POMC derived peptides.
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showed that galectins 1-9 were expressed in normal 
pituitary.11 Specifically, Gal-3, immunohistochemis-
try and western blot analysis revealed a differential 
pattern of expression in both normal and neoplastic 
pituitary; only lactotroph, corticotroph and follicu-
lostellate cells as well as PRL and ACTH-producing 
tumors were positive. In addition, in normal pituitary, 
Gal-3 is detected in 5% of the corticotroph cells of the 
anterior lobe and in only a small subset, less than 1% 
in the corticotrophs invading the posterior lobe. More 
frequent expression of Gal-3 has also been reported, 
with variably diffuse immunopositivity, in 83% of 
functioning corticotroph adenomas from patients pre-
senting with Cushing’s disease or Nelson’s syndrome, 
whereas focal expression was observed in only 20% of 
silent corticotroph adenomas.10,11 Our study further 
sustains these findings, since a substantial majority of 
functioning corticotroph adenomas expressed Gal-3, 
whereas only 2 of the silent corticotroph adenomas 
were Gal-3 positive. Considering the statistically sig-
nificant difference in Gal-3 expression between the 
two groups of tumors, we suggest that Gal-3 can be 
applied as a useful marker in the diagnosis of silent 
corticotroph adenomas.

The reason for differing Gal-3 expression between 
silent and functioning corticotroph adenomas remains 
unclear. In a recent study investigating gonadotroph 
and null cell adenomas, the promoter region of the 
Gal-3 gene (LGALS3) was found to be methylated 

and silenced in a substantial number of tumors. In 
contrast, PRL- and ACTH-producing tumors, which 
were found unmethylated, expressed Gal-3 protein.16 
Likewise, in silent corticotroph adenoma cells a prob-
able methylation of LGALS3 may be an explanation 
for the absence of Gal-3. However, this suggestion 
remains to be documented.

p27-null mice produce mainly ACTH and develop 
pituitary hyperplasia and tumors of the intermedi-
ate lobe corticotroph cells. Gal-3 expression was 
found to be markedly increased in hyperplastic and 
neoplastic pituitaries from p27-null mice compared 
with control mice. Gal-3 was also found to be more 
frequently expressed in ACTH- producing pituitary 
carcinomas compared with adenomas. In addition, 
RNA interference experiments showed that Gal-3 
has a direct stimulatory effect on cell growth and 
prevents apoptosis in cultured pituitary cells. All 
these observations suggest a direct role of Gal-3 in 
corticotroph cell tumorigenesis and tumor progres-
sion.10 With regard to our findings, the absence of 
Gal-3 expression in silent corticotroph adenomas 
indicates that Gal-3 may also interfere in the regulation 
of hormone production and release by corticotroph 
cells, a hypothesis to be examined.

In conclusion, our results strongly suggest that Gal-
3 immunostaining can be used as a specific marker 
in the pathologic diagnosis of silent ACTH-positive 
pituitary adenomas, particularly in cases where the 
clinical information is uncertain or unavailable.
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