
Abstract. Background/Aim: Probably due to their low
occurrence, chromophobe and papillary renal cell carcinomas
are less well characterized and, currently, there are no reliable
prognostic markers for this group of patients. Moreover, the
optimal therapy for patients with non-clear renal cell
carcinoma (RCC) is unknown yet. Although elevated levels of
Galectin-3 (Gal-3) were associated with poor prognosis in
conventional RCC, the impact of this protein on
carcinogenesis of chromophobe and papillary entities has not
been previously described. Materials and Methods: Gal-3
expression was investigated in 34 consecutive cases of RCCs,
including 19 papillary carcinomas and 15 chromophobe
carcinomas. Results: Immunohistochemical analysis of Gal-3
in tumor cells showed 3 patterns of expression: membranous,
cytoplasmic and nuclear staining. Most tumors included in our
study showed a cytoplasmic expression and it was almost
equally distributed between the histologic subtypes. However,
only nuclear staining of Gal-3 was associated with both
Fuhrman grade and tumor stage (p=0.016 and p=0.032,
respectively) in chromophobe subtype. Conclusion: Our results
indicate that the nuclear expression of Gal-3 has an essential
role in the development of chromophobe carcinoma. The
association with advanced tumor stage and nuclear grade
suggests that this protein is an indicator of aggressiveness in
the chromophobe subtype, thus targeting anti-nuclear
transport may prove an effective therapy for this particular
group of patients. 

Renal cell carcinoma (RCC) is the most common kidney
malignancy, accounting for 2-3% of all adult cancers. Based
on the World Health Organization (WHO) classification,
RCC is divided into different histologic subtypes including
clear cell, papillary, chromophobe, collecting-duct and
unclassified tumors (1). To date, most studies focus on clear
cell carcinoma (ccRCC) which is the most common
histologic type (75-80% of all cases). Among the other
subtypes, summarized as non-clear renal cell carcinomas
(non-ccRCC), papillary (pRCC) and chromophobe (chRCC)
variants account for 10% and 5%, respectively (2). Probably
due to their low occurrence, these specific entities are less
well characterized and, currently, there are no reliable
prognostic markers for this group of patients. Moreover, the
optimal therapy for patients with non-ccRCC is unknown
yet. Thus, elucidation of the molecular mechanism that
underlies non-ccRCCs is essential for a better stratification
of these patients but, also, for the development of new
targeted therapies.

Galectin-3 (Gal-3) belongs to a group of b-galactoside
binding proteins and is one of the most investigated members
of the galectin family. This multifunctional protein regulates
various physiological and pathological processes including cell
growth, differentiation, apoptosis, cell adhesion, angiogenesis,
inflammation, fibrogenesis and tumor progression (3-7). Gal-
3 was found in a relatively large spectrum of human tumors,
but with a heterogenous expression that varied between
different organ tissues (8). For instance, Gal-3 expression was
reported to be increased in stomach, head and neck, pancreas,
thyroid gland, colon and small-cell lung cancer (9-15), while
a low expression of this protein was found in uterus, prostate
and breast cancer (16-18). 

A recent study reported that elevated levels of Gal-3 found
in RCCs tissues at both mRNA and protein levels contribute
to renal carcinogenesis, and concluded that this protein could
be used as a therapeutic target for patients with conventional
RCC (19). On the other hand, a high expression of Gal-3 was
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found in the chromophobe subtype compared to papillary
one, and it has been put forward as a potential marker for the
differential diagnosis of RCC (20). However, the impact of
this protein on carcinogenesis of chromophobe and papillary
entities has not been previously described. 

On this background, the aim of the present study was to
evaluate both the expression and distribution of Gal-3 in 34
cases of RCC of papillary and chromophobe subtypes. 

Materials and Methods

Patients and tissue samples. The tissue samples were obtained from
34 patients diagnosed with RCC in the period between 2009-2014,
who underwent partial or total nephrectomy at the Regional
Hospital, Cluj-Napoca, Romania. The clinicopathological data
including sex, age, tumor necrosis, Fuhrman grade, tumor stage,
tumor size and venous extension were recorded from the Institute’s
database and the pathology reports. 

The local research ethics committee approved the protocol of the
study and informed consent was obtained from all subjects
according to the World Medical Association Declaration of Helsinki. 

Immunohistochemistry. Five μm thick sections were performed from
each case. The dewaxing and rehydration of the sections was
followed by heat-induced epitope retrieval in citrate buffer pH6 for
30 min (with PT link module, Dako Cytomation, Glostrup,
Denmark). The immunohistochemical technique continued with the
blocking of the endogenous peroxidases, using hydrogen peroxide
3%. Incubation with Galectin-3 primary monoclonal antibody (clone
9C4, dilution 1:100, Novocastra Biosystems, Newcastle uponTyne,
UK) had a duration of 30 min. The Bond Polymer Refine Detection
System (Novocastra Biosystems, Newcastle uponTyne, UK) was
used for visualization. 3,3 diamino-benzidine dyhidrochloride was
applied as chromogen and modified Lille’s hematoxylin was used
for counterstain. 

Image acquisition and analysis were performed using Nikon
Eclipse E 600 microscope Microscopes/Instruments Division,
Vienna, Austria) and Lucia G software (Laboratory Imaging,
Prague, Czech Republic) for microscopic image analysis.

Evaluation of Gal-3 staining. Interpretation of immunohistochemical
results were carried out by an experienced pathologist. Gal-3 was
evaluated in one representative slide from each case, by selecting three
areas with the highest number of positive cells (hot spot). The final
score was assessed by evaluating both the intensity of the
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Table I. Galectin 3 expression in different histologic subtypes.

Histologic type, no                        Gal-3+ cytoplasmic, no (%)                          Gal-3+ membranous, no (%)                       Gal-3+ nuclear, no (%)

ppRCC, 19                                                    16 (57%)                                                          6 (30%)                                                     4 (30%)
chRCC, 15                                                    12 (43%)                                                        14 (70%)                                                     9 (70%)
Total, 34                                                        28 (82%)                                                        20 (59%)                                                   13 (38%)

Table II. Gal-3 expression of ppRCC and chRCC stratified by Fuhrman grade.

Fuhrman grade                                                Papillary RCC                                                                                   Chromophobe RCC

                                   Cytoplasmic                  Membranous                    Nuclear                   Cytoplasmic                  Membranous                   Nuclear

G1                                        2                                     1                                   0                                 2                                     2                                  0
G2                                       12                                    5                                   4                                 7                                     8                                  5
G3/4                                     2                                     0                                   0                                 3                                     4                                  4

Table III. Gal-3 expression of ppRCC and chRCC stratified by tumor stage.

Tumor stage                                                     Papillary RCC                                                                                   Chromophobe RCC

                                   Cytoplasmic                  Membranous                    Nuclear                   Cytoplasmic                  Membranous                   Nuclear

I                                            9                                     3                                   1                                 5                                     4                                  2
II                                           3                                     2                                   2                                 6                                    10                                 4
III/IV                                    4                                     1                                   1                                 1                                     4                                  3



immunostaining and the percent of positive cells, and was quantified
on a scale of 1-3+ as follows: low (+), moderate (++) or intense (+++).
For this purpose, we used the morphometry software (NIS-Elements
D 2.30, Laboratory Imaging s.r.o., Prague, Czech Republic) that
allowed us to apply a semi-automated method able to differentially
assess positive and negative Gal-3 expressing cells by detecting
different intensities and counting positive Gal-3 expressing cells. 

Statistical analysis. The relationship between the two markers
expression and clinical parameters was evaluated using Pearson’s
chi-square test. p-Values of less than 0.05 values were considered
statistically significant. All statistical analysis was performed using
the SPSS 22.0 software for Windows 8. 

Results
Clinical characteristics. Our study included samples from 34
patients composed of 17 (50%) males and 17 (50%) females,
aged between 30-77 years (mean=55.05). Based on to the
World Health Organization histologic classification of kidney
tumors (1), 19 (56%) cases were classified as papillary
carcinomas and 15 (44%) cases as chromophobe carcinomas. 

All tumors were graded according to Fuhrman system and
were divided into three groups: grade 1 (4 cases), grade 2
(24 cases), grade 3/4 (6 cases). Tumor stages were classified
according to TMN classification of renal tumors as follows:
I (16 cases), II (10 cases), III/IV (8 cases).

The median tumor diameter was 5.9 cm (range=2.5-6.3 cm).
Tumor necrosis was observed in 23 cases (68%) and 6 patients
(17.6%) had renal venous extension. All selected patients
underwent partial (27 cases, 79%) or total nephrectomy 
(7 cases, 21%). 

Immunohistochemical findings. Immunohistochemical analysis
of Gal-3 in tumor cells showed 3 patterns of expression:
membranous, cytoplasmic and nuclear staining (Figure 1)
(Table I). 

Most of the tumors included in our study showed a
cytoplasmic staining of Gal-3 (28 cases, 82%), and it was

mostly identified in male patients (16 cases/57%), (p=0.009).
Out of 28 cases that expressed Gal-3, 16 tumors (57%) were
papillary carcinomas, while 12 cases (43%) were chromophobe
carcinomas.

Membranous staining was identified in 20 tumors (59%).
This pattern was predominately found in chromophobe
carcinomas (14 cases/70%), compared with papillary ones (6
cases/30%), (p=0.000). Another significant correlation was
found between high scores of Gal-3 and male patients (14
cases/70%), (p=0.028). 

Nuclear staining of Gal-3 was found in 13 tumors (38%),
commonly in chromophobe carcinomas (9 cases/70%),
compared with papillary ones (4 cases/30%), (p=0.005).
Typically, Gal-3 nuclear expression was stronger in tumors
with high Fuhrman grade tumors and was significantly
associated with high tumor stages (p=0.016 and p=0.032,
respectively). Gal-3 expression of ppRCC and chRCC
stratified by Fuhrman grade and tumor stage is shown in
Tables II and Table III, respectively. 

An intense Gal-3 expression was observed in the foamy
macrophages, but in only 3 cases (16%) of papillary subtype.
In adjacent non-tumoral tissue, Gal-3 showed intense
staining in the ductal, thin and collecting tubules, while the
renal glomeruli and proximal tubules were negative for this
marker. 

Discussion

In the present study, we analyzed the immunohistochemical
expression of Gal-3 in 34 consecutive cases of non-ccRCCs.
Gal-3 showed different patterns of expression including
nuclear, cytoplasmic and membranous. Consistent with
previous studies (19, 20), cytoplasmic expression was the
most common pattern identified in our cases and it was
almost equally distributed between the histological subtypes
(43% chromophobe carcinomas and 57% papillary
carcinomas). By contrast, nuclear and membranous
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Figure 1. Variable patterns of Gal-3 expression in renal carcinoma. (A) Papillary RCC showing intense Gal-3 expression in almost all tumor cells;
(B) Chromophobe RCC showing intense membranous expression and moderate nuclear staining; (C) Intense nuclear expression in chromophobe
RCC. Original magnification 40×.



expressions were mainly identified in chromophobe tumors
(70% and 70%, respectively).

Predominantly located in the cytoplasm of the cell, Gal-3
maintains cell survival by blocking the intrinsic apoptotic
pathway, but it can also shuttle into the nucleus and play a
role in cell proliferation (21, 22). Additionally, this lectin can
be secreted in the extracellular space and due to its ability to
interact with the cell surface and with the extracellular matrix,
Gal-3 regulates various cellular events (22). Previous data
have indicated that Gal-3 contributes to tumor progression
and metastasis in a relatively large spectrum of tumors, but
depending on its cellular distribution (23). For instance,
cytoplasmic overexpression of Gal-3 in tongue and prostate
cancer was correlated with advanced disease (24, 25), while
elevated nuclear expression of Gal-3 was an independent
predictor of recurrence in patients with lung cancer (26). 

In clear cell RCC tissues, Gal-3 was found to be strongly
expressed compared to non-tumorous surrounding tissues, and
its elevated levels were correlated with a poor prognosis (19,
20, 23, 27). By contrast, a group of investigators reported that
Gal-3 expression is lost during renal carcinogenesis,
contributing to a reduced survival rate in patients with ccRCC
(28). These discrepancies could be explained by the different
methods used for identification of Gal-3. However, Straube
and co-workers demonstrated that changes in the cellular level
of Gal-3 expression influence the development of clear cell
RCC, and when compared with normal tissues, they noticed
an increased accumulation of this lectin in the nuclei of tumor
cells (23). In the present study, Gal-3 was mainly distributed
in cells cytoplasm, yet, only nuclear expression was associated
with a high tumor stage (p=0.032) and a high Fuhrman grade
(p=0.016). Previous studies showed that Gal-3 is
overexpressed in chRCC subtype, but none of them identified
a relation with conventional histological parameters. An
explanation is that due to their low occurrence, non-ccRCCs
were frequently excluded from previous studies or when they
were included, the number of cases was small. The increased
expression of Gal-3 that we identified in the distal renal tubes
supports the traditional theory that chromophobe carcinoma
originates from these structures (29).

The prognostic significance of pathological grading in
non-ccRCCs is still debated. In a recent study, Borgmann et
al. assessed the impact of Fuhrman grade in the largest series
of ppRCCs and found that grading of this subtype has a
strong prognostic value (30). The International Society of
Urological Pathology (ISUP) recommends that grading
should be applied only to ccRCC and ppRCC subtypes (31).
Chromophobe carcinoma usually shows nuclear
pleomorphism, irregular nuclei and nucleolar prominence,
thus, most cases have a higher nuclear grade compared with
conventional RCC (32). However, one of the largest studies
to date compared tumor features of chRCC with those of
ccRCC, and found that these entities do not differ in terms

of Fuhrman grade and that the less aggressive behavior of
chromophobe subtype is not related to pathological grading
(33). Surprisingly, most chRCCs (62.4%) included in their
study were moderately differentiated (G2), while only 19.1%
were poorly differentiated (G3/G4) (33). We obtained
comparable results (60% of G2 and 27% of G3/G4), even if
our cohort was considerably smaller than theirs. 

Previous data have indicated that there is a male
predominance in conventional and papillary variants, while in
chromophobe carcinoma this association is less pronounced
(33, 34). We found that cytoplasmic and membranous Gal-3
expressions were significantly correlated with male patients
(p=0.000 and p=0.005, respectively). However, nuclear
distribution was not associated with gender in our cohort.

Taken together, our results indicate that the nuclear
expression of Gal-3 has an essential role in the development of
chromophobe carcinoma. The association with advanced tumor
stage and nuclear grade suggests that this protein is an indicator
of aggressiveness in chRCC. However, further studies on larger
cohorts are necessary to enhance the understanding regarding
Gal-3 mechanism in non-ccRCCs that may lead to validation
of Gal-3 as a prognostic marker in this particular group of
patients. Furthermore, targeting anti-nuclear transport may
prove an effective therapy for patients with chromophobe RCC. 
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