
Abstract. Galectin-3, a ß-galactoside-binding lectin, has been
implicated in many human malignancies, but has seldom been
studied in human gonads and gonadal tumors. The aim of our
study was to investigate galectin-3 mRNA and protein
expression in normal ovaries and testes as well as in a variety
of 51 gonadal sex cord stromal and germ cell tumors, and two
testicular seminomatous and non-seminomatous cell lines,
using either real-time PCR or immunohistochemistry. In
human testes, galectin-3 is specifically expressed in mature
Sertoli cells and Leydig cells, and is absent from fetal and pre-
pubertal testes, suggesting a hormone-dependence of this
gene. In human ovaries, galectin-3 is absent from granulosa
cells, as well as from granulosa cell and Sertoli-Leydig cell
tumors, and is not a useful marker in distinguishing granulosa
cell from Sertoli-Leydig cell tumors. In testicular tumori-
genesis, galectin-3 has a dual function according to the
histological type of tumors and their hormone dependency. In
malignant testicular Sertoli cell tumors, the expression of
galectin-3 is down-regulated while, in benign Leydig cell
tumors, this expression is maintained, indicating the possible
implication of this gene in the development of more
aggressive testicular sex cord stromal tumors. In contrast to
sex cord stromal tumors, galectin-3 expression is up-regulated
in testicular germ cell tumors. By real-time PCR, we
demonstrated a significant elevation of the galectin-3 mRNA
level in non-seminomatous testicular germ cell tumors and
cell line as compared to normal testes and seminomas

(p=0.0432 and p=0.0247, respectively), indicating the possible
role of this gene in the non-seminomatous differentiation of
germ cell tumors.

Introduction

Galectin-3 is a member of the ß-galactoside-binding lectins.
This protein is expressed in a variety of tissues and plays a
role in diverse biological events, such as embryogenesis,
angiogenesis, adhesion, cellular proliferation, apoptosis, and
modulation of the inflammatory process and immune response
(1). Galectin-3 has also been implicated in tumor progression
and metastasis in a variety of human cancers such as thyroid,
pancreas, colonic and breast carcinomas (2-4). While its role
in the testes and testicular tumors has been seldom studied
(5,6), it remains not well characterized.

Testicular tumors are subdivided into several categories
including germ cell tumors and sex cord gonadal stromal
tumors. Germ cell tumors are classified into seminomas and
non-seminomas. Non-seminomas are more aggressive
neoplasms than seminomas, with a higher rate of distant
metastasis. The molecular basis of germ cell tumorigenesis
and the aggressive clinical behavior of non-seminomas remain
unknown. Sex cord gonadal stromal tumors are rare, accounting
for 4% of testicular and 8% of ovarian neoplasms. They are
subdivided into Sertoli cell, granulosa cell, and Leydig cell
tumors, arising in both male and female gonads. The immuno-
phenotype of Sertoli cell tumors is almost identical to that of
granulosa cell tumors with expression of inhibin and lack of
EMA (epithelial membrane antigen) (7). In some poorly or
undifferentiated cases, the distinction between granulosa cell
and Sertoli cell tumors may be impossible. There is no
available diagnostic immunohistochemical marker of Sertoli
or granulosa cell differentiation. Approximately 20% of ovarian
Sertoli-Leydig cell tumors and 12% of testicular Sertoli cell
tumors have a malignant behavior and develop metastases.
The molecular mechanism of tumorigenesis and tumor
progression in this very rare category of tumor is unknown.

The aim of this study was to evaluate the expression of
galectin-3 in human gonads (testis and ovary) and in sex cord
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gonadal stromal and germ cell tumors, in order to answer the
following questions: i) Is galectin-3 absent from normal germ
cells and present in germ cell tumors, indicating the possible
implication of this lectin in germ cell tumorigenesis? ii) Is
galectin-3 a marker of Sertoli cells in human testis? iii) What
is the pattern of expression of this lectin in sex cord gonadal
stromal tumors and can it be helpful in distinguishing testicular
and ovarian Sertoli cell tumors from other sex cord stromal
tumors such as granulosa cell tumors?

Materials and methods

Immunohistochemistry. A total of seven normal human testes
at different stages of development, including testes from fetuses
at 8, 20, 25, 30, and 31 weeks of gestation (provided by
autopsy material after miscarriages and termination of preg-
nancies for medical purposes), one year-old child (normal
tissue adjacent to a testicular hematoma), and adult (provided
from orchidectomy in a patient with prostatic cancer), two
cryptorchid testes (one with Sertoli cell only tubules and one
with Sertoli cell nodules), one normal adult ovarian paren-
chyma, and 25 gonadal neoplasms (10 testicular and 15
ovarian tumors), were retrieved from the files of the Depart-
ments of Pathology at Croix Rousse and Edouard Herriot
Hospitals, Lyon, France (Table I). All tissues were Bouin
fixed and paraffin embedded. H&E and saffron-stained slides
were reviewed, and one representative tissue section from
each case was selected for immunohistochemical analysis.
Six micron sections were deparaffinized and rehydrated
through graded alcohols to water. The slides were immersed
in 10 mmol/l citrate buffer, pH 6.0 and subjected to heat-
induced antigen retrieval for pretreatment. For each case,
mouse monoclonal antibody to human galectin-3 (clone
NCL-Gal 3, diluted at 1/150, Novocastra, USA) and mouse
monoclonal antibody to human androgen receptors (clone
AR441, diluted at 1/50, Dako, Grenoble, France) were

applied. Immunodetection was performed using the two-step
peroxidase technique (Envision +, Dako Corporation).
Negative controls were performed omitting the primary anti-
body. The intensity of the staining was determined as weak
(+), moderate (++) or strong (+++).

Quantitative real-time RT-PCR. A total of 26 testicular germ
cell tumors (Table I) and two non-neoplastic testicular tissues
for which frozen material was available, were analyzed. For
each case, a fragment was snap-frozen after the surgery and
stored at -80°C. Each frozen fragment was verified histo-
logically and samples that did not contain more than 80%
non-necrotic tumor cells were excluded from the study. In
addition, two pure human cell lines were analyzed. The JKT-1
cell line, a pure human seminoma cell line was kindly provided
by P Fenichel (8) and the NCCIT cell line, a pure human
non-seminomatous cell line (embryonal carcinoma) was
kindly provided by E Tabone (9). Total RNA was extracted
by using TRIzol Reagent according to the manufacturer's
instructions (Life Technologies, France). We reverse-tran-
scribed 1 μg of total RNA in a total volume of 20 μl during 1 h
at 37°C using Moloney murine leukemia virus reverse
transcriptase (200 U/μl), random primers (50 μM), dNTPs
(200 μM) and dithiothreitol (100 mM). SYBR-Green real-
time PCR assays were carried out using the QuantiTect
SYBR-Green PCR kit (Qiagen S.A, France), as previously
described (10). The primers used were as follows: galectin-3,
5'-CAgCCAAgTgCCACCg-3' and 5'-AAACCgACTgT
CTTTCTTCCC-3'; ß-actin (11). The amount of galectin-3
relative to the amount of ß-actin in the same sample was
analyzed by the relative quantification approach with the use
of efficiency correction using Real Quant 1.0 software
(Roche Molecular Biochemicals).

Data analysis. For statistical analysis, one way analysis of
variance (ANOVA) was performed to determine whether

DEVOUASSOUX-SHISHEBORAN et al:  EXPRESSION OF GALECTIN-3 IN GONADAL TUMORS336

Table I. Histological types and staging of testicular and ovarian tumors.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Ovary Stageb Testis Stagea

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Germ cell tumors

Seminoma N=0 N=13c T1 (n=8); T2 (n=5)
Embryonal carcinoma N=0 N=8c T1 (n=6); T2 (n=2)
Yolk sac tumor N=0 N=4c T1 (n=4)
Immature teratoma N=0 N=1c T1 (n=1)

Sex cord stromal tumors
Juvenile granulosa cell tumor N=1 IA N=3 T1 (n=3)
Adult granulosa cell tumor N=5 IA N=0
Sertoli cell tumor N=3 T2 N x M1 (n=2) , T1 (n=1)
(Sertoli-Leydig cell tumor in the ovary) N=3 IA
Fibro-thecoma N=3 IA N=0
Leydig cell tumor N=3 IA N=4 T1 (n=4)

Total N=15 N=36
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aStage according to the American Joint Committee on Cancer and Union International Contre le Cancer, bstage according to the FIGO (the
International Federation of Gynecology and Obstetrics), ctumors with available frozen material, for which RT-PCR was performed.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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there were differences between all groups (p<0.05), and then
Fisher's post-test was performed to determine the signifi-
cance of the differences between the pair of groups. A P-value
<0.05 was considered significant. The statistical tests were
performed on StatView software version 5.0 (SAS institute
Inc, Cary, NC).

Results

Galectin-3 expression in non-neoplastic gonads and sex cord
stromal tumors using immunohistochemistry. In all fetal testes
at different ages (8, 20, 25, 30 and 31 weeks of amenorrhea)
and in normal testis before puberty, no immunostaining with
anti-galectin-3 antibody was detected (Fig. 1A and B). In
contrast, in post-pubertal normal testicular parenchyma, strong

and diffuse cytoplasmic staining was seen in all Sertoli cells
(Fig. 1C). Weak cytoplasmic positivity was also detected in a
few Leydig cells.

In cryptorchid testes, the Sertoli cell only tubes showed
diffuse and strong cytoplasmic staining (Fig. 1E). In contrast,
in Sertoli cell nodules, the immature-appearing Sertoli cells
were negative, while mature Sertoli cells displayed the same
pattern of staining to that of Sertoli cells in eutrophic testicular
parenchyma (Fig. 1F).

In contrast to normal mature Sertoli cells, none of the other
sex cord stromal tumors including three juvenile granulosa
cell tumors and three Sertoli cell tumors expressed galectin-3.

Galectin-3 protein expression was down-regulated in testi-
cular Sertoli cell tumors, while Leydig cell tumors expressed
the protein (Table II, Fig. 1D and G).
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Table II. Immunohistochemical results with anti-galectin-3 and anti-androgen receptor.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Specimen Galectin-3 Androgen receptor
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ovary
Normal adult ovary

Granulosa and theca cells - -
Surface epithelium +++ -
Stroma + -

Sex cord stromal tumors 0/15 1/15

Testis
Fetuses at different ages

Sertoli cells - -
Germ cells - -
Leydig cells - +

Pre-pubertal (normal testis)
Sertoli cells - -
Germ cells - -
Leydig cells - +

Adult (normal testis)
Sertoli cells +++ +++
Germ cells - -
Leydig cells ++ ++

Cryptorchid testes
Sertoli cell only tubules +++ +++
Immature Sertoli cell nodules - -

Sex cord stromal tumors
Leydig cell tumors 4/4 4/4
Sertoli cell tumors 0/3 3/3
Juvenile granulosa cell tumors 0/3 3/3

Germ cell tumors
Seminoma 0/13 (+ in stromal macrophages) NA
Embryonal carcinoma 0/8 NA
Yolk sac tumor 1/4 NA
Immature teratoma 1/1 NA

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NA, not assessed; (+/++/+++), low/moderate/high intensity of immunostaining.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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The protein was not expressed in either granulosa cells or
sex cord stromal tumors in the ovaries (Table II). The only
component strongly and diffusely expressing the protein in
normal ovaries was the surface epithelium.

Androgen receptors (AR). In order to determine the variation of
galectin-3 expression in testes according to the hormonal
status, we carried out an immunohistochemical study using

anti-AR antibody. Nuclear staining was observed in mature
Sertoli cells and in testicular sex cord stromal tumors (Table II,
Fig. 1H).

Galectin-3 expression in testicular germ cell tumors and cell
lines. Galectin-3 mRNA expression was determined by real-
time PCR in 26 testicular germ cell tumors. Seminomas
expressed galectin-3 (median galectin-3/actin mRNA concen-
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Figure 1. Immunohistochemical study. (A) Lack of galectin-3 expression in post-natal testis (one year-old) (immunoperoxidase x400). (B) Lack of galectin-3
expression in fetal testis (31 weeks of amenorrhea) (immunoperoxidase x400). (C) Galectin-3 expression in adult testis (immunoperoxidase x400): Cytoplasmic
staining in mature Sertoli cells, without staining of germ cells. (D) Benign testicular Leydig cell tumor with preserved galectin-3 expression (immuno-
peroxidase x400). (E) Galectin-3 cytoplasmic expression in Sertoli cell only tubules of cryptorchid testis (immunoperoxidase x400). (F) In Sertoli cell nodules
of a cryptorchid testis, only mature Sertoli cells were positive, while immature Sertoli cells within the same seminiferous tubule lost galectin-3 expression
(immunoperoxidase x400). (G) Malignant testicular Sertoli cell tumor showing a loss of galectin-3 expression with residual seminiferous tubules showing
immunoreactivity in mature Sertoli cells (immunoperoxidase x200). (H) Testicular Sertoli cell tumor demonstrating nuclear immunostaining with anti-
androgen receptor antibody (immunoperoxidase x200).
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tration ratio =129), but no significant difference (p=0.6051)
was observed as compared to non-neoplastic testicular tissue
(median galectin-3/actin mRNA concentration ratio =15.97)
(Fig. 2).

By contrast, a significant increase in galectin-3 mRNA
expression was observed in non-seminomatous tumors (median
galectin-3/actin mRNA concentration ratio =477.5) as
compared to normal testes (p=0.0432) and to seminomas
(p=0.0247). However, galectin-3 mRNA expression did not
correlate with tumor stage (T1 versus T2).

The difference of expression between seminomas and non-
seminomas was confirmed using two cell lines representing
the two histological subtypes of germ cell tumors. Indeed,
galectin-3 mRNA expression was higher in the non-semino-
matous cell line (NCCIT) as compared to the seminoma cell
line (JKT-1) (median galectin-3/actin mRNA concentration
ratio of 1590 and 462, respectively) (Fig. 3).

Discussion

The data presented herein show that galectin-3 is a specific
marker of human mature Sertoli cells. The ontogeny of
galectin-3 expression was studied in human testes from
fetuses at different ages, in pre-pubertal and post-pubertal
testes. This protein is absent from fetal and pre-pubertal
testes and ovarian granulosa cells, and appears in post-pubertal
testicular parenchyma, in Sertoli and Leydig cells, without
expression in germ cells. In the mouse embryo, galectin-3 is
absent from developing testes, consistent with our findings in
human fetuses at different ages (12). Interestingly, galectin-3 is
present in the cytoplasm of mature Sertoli cells in adult testes
as previously reported (5). The variation in galectin-3 expr-
ession in the testis according to the degree of cell maturation
and differentiation might be related to the hormone dependence
of galectin genes, since galectin-3 appears in mature and differ-
entiated androgen-sensitive Sertoli cells. Hormone regulation
of galectin-3 expression has been suggested in steroid-sensitive
breast carcinoma cells (13). We have recently demonstrated
the hormonal regulation of galectin-3 expression in porcine
Sertoli cells, with a possible link between galectin-3 expression

and the follicular stimulating hormone (FSH) (unpublished
data). In our study, the expression of galectin-3 protein in
normal testes correlated with the degree of maturation and
differentiation of cells. Galectin-3 expression was super-
imposed on that of androgen receptors, as confirmed in Sertoli
cell nodules of cryptorchid testes, where immature appearing
Sertoli cells lose their AR immunoreactivity, and also their
galectin-3 expression.

Another interesting finding of our study was the variation of
galectin-3 expression in human testicular tumors according to
the histological type of tumors, and their hormone dependency.
The gene was expressed by non-neoplastic sex cord cells (i.e.
Sertoli and Leydig cells) and was down-regulated in Sertoli
cell tumors, while Leydig cell tumors continued to express
the protein. On the other hand, the gene was absent from non-
neoplastic spermatogonia and was up-regulated in testicular
germ cell tumors, specifically in the non-seminomatous sub-
types. The expression of galectin-3 has been reported to vary
depending on the type of tumor and tissue, and in a given
tumor in relation to the stage of the disease (14). It has been
shown in vitro that a decrease in galectin-3 synthesis is
associated with acquisition of contact inhibition, reduction of
serum independence, and abrogation of anchorage-independent
cell growth (15). Thus, in our study, down-regulation of
galectin-3 in testicular Sertoli cell tumors, two of which were
malignant and associated with lung metastasis, may be related
to the tumorigenesis and progression of these neoplasms. In
contrast, galectin-3 protein was expressed in Leydig cell
tumors, all of which had a benign behavior. We have shown
that galectin-3 is a potentially hormone-dependent gene
(unpublished data) and it is worth noting that the expression
of galectin-3 is up-regulated in the majority of malignancies
such as thyroid (2) and pancreatic (3) tumors, and is down-
regulated in steroid hormone-dependent tumors such as breast
(15), ovarian (16), prostatic (17) carcinomas, and also in Sertoli
cell tumors as demonstrated herein. Sex cord gonadal stromal
tumors are thought to be derived from undifferentiated sex
cords in both the ovaries and testes. The lack of galectin-3
expression in these tumors might either reflect the histogenesis
of these tumors or their tumorigenesis. We demonstrated that
immature Sertoli cells do not express this gene. Since AR
protein is detected in these tumors and is absent from immature
Sertoli cells and undifferentiated sex cords, we suggest that
the lack of galectin-3 in testicular Sertoli cell tumors is related
to their tumorigenesis and tumor progression rather than their
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Figure 2. Galectin-3 mRNA expression in testicular germ cell tumors using
real-time PCR. (1) Normal adult testis. (2) Seminomas. (3) Non-seminomas.
The grey bar indicates the mean value.

Figure 3. Galectin-3 mRNA expression in human germ cell tumor cell lines
using real-time PCR. (JKT-1) Seminoma cell line. (NCCIT) Non-seminoma
cell line.
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histogenesis. Although galectin-3 expression can differentiate
mature Sertoli cells from granulosa cells, it is not a useful
marker in distinguishing Sertoli and Sertoli-Leydig cell from
granulosa cell tumors, since the protein is absent from both
types of neoplasms in the testes as well as in the ovaries.

We have seen expression of the galectin-3 messenger in
testicular germ cell tumors, while the protein is absent from
non-neoplastic spermatogonia from which these tumors are
thought to derive. Although no significant difference of expr-
ession was seen between seminomas and non-neoplastic testes,
a significantly higher messenger expression of galectin-3 was
observed in non-seminomas, as compared to seminomas and
non-neoplastic testes. In accordance with our results, the
increased expression of lectins has been reported in non-
seminomatous testicular germ cell tumors (18). However, the
type of lectin involved was not determined. Galectin-3 protein
has been detected in 60% of testicular germ cell tumors
(16,27) using immunohistochemistry with a polyclonal anti-
body, but the results did not correlate with the histological
type of positive tumors (seminomas vs non-seminomas) (6).
It has been suggested that RT-PCR alone is not a reliable
method for the evaluation of galectin-3 expression, because
macrophages and activated endothelial cells express galectin-
3 (19). To confirm that galectin-3 mRNA is indeed present in
tumor cells and is not due to the presence of macrophages in
the stroma of germ cell tumors, we performed real-time PCR
analysis on two pure human cell lines from a seminoma
(JKT-1) (8) and a non-seminoma (NCCIT) (9). Both cell
lines expressed galectin-3. Moreover, pure non-seminomatous
cells showed a three-times higher level of galectin-3 mRNA
expression than seminoma cells, confirming our findings on
human tumor tissues. Our results on cell lines and tumoral
tissue show that galectin-3 expression is significantly higher
in the more aggressive subtype of testicular germ cell tumor
(i.e. non-seminomas). Thus, the more aggressive behavior of
non-seminomas might be, in part, explained by the anti-
apoptotic and the proliferative activities of galectin-3. Indeed,
the antiapoptotic activity of this protein has been suggested
to explain its carcinogenetic implication. This antiapoptotic
activity may be due to the similarity between galectin-3 and
Bcl-2 protein, and the capability of this lectin to replace or
mimic Bcl-2 protein, blocking the release of cytochrome C
from the mitochondria (20). It has been demonstrated that the
overexpression of galectin-3 in bladder cancer cells rendered
them resistant to TRAIL-induced apoptosis by involving Akt
as a modulator molecule (21).

In summary, our data show that galectin-3 is a marker of
mature Sertoli cells that might be implicated in Sertoli cell
functions. Galectin-3 is a marker of aggressiveness in testicular
tumors. While the gene is down-regulated in malignant Sertoli
cell tumors, it is up-regulated in non-seminomatous testicular
germ cell tumors. These data indicate the role of this lectin in
malignant sex cord gonadal stromal tumorigenesis and in the
non-seminomatous differentiation of germ cell tumors.
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