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ABSTRACT
Gangliosides are glycolipids present on the cell surface.

The N-glycolylated ganglioside NeuGc-GM3 has been

described in some neoplasms, such as breast carcinoma

and melanoma, but is usually not detected in normal

human cells. Our aim was to evaluate the presence of

NeuGc-GM3 in Wilms tumor by immunohistochemistry.

Postchemotherapy tumors were grouped into different

histologic subtypes considering the main preserved

component. Formalin-fixed, paraffin-embedded tumor

samples were cut into 5-mm sections. The monoclonal

antibody 14F7, a mouse IgG1 that specifically recognizes

NeuGc-GM3, and a peroxidase-labeled polymer conju-

gated to secondary antibodies were used. Sections from

breast carcinoma were employed as positive controls.

Presence of NeuGc-GM3 was evident in 22 of 25 (88%)

cases. The staining was stronger in the epithelial

component, with a membrane pattern and cytoplasmic

diffusion. The stromal component expressed cytoplasmic

NeuGc-GM3 in cells with rhabdomyoblastic differentia-

tion. Tubules of adjacent renal tissue were also positive,

but no expression of NeuGc-GM3 was detected in

nontumoral fetal kidney. Until now, the expression of

N-glycolylated gangliosides in pediatric solid tumors has

not been investigated. The present study evidenced the

expression of NeuGc-GM3 in a high proportion of Wilms

tumors, suggesting its potential utility as a specific target

of immunotherapy.
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INTRODUCTION

Gangliosides comprise a family of complex glycosphin-

golipids present on the cell surface, which have 1 or many

sialic acid residues. They are abundant in the neuron

plasma membrane, although they are also present in most

cellular types in much smaller quantities [1]. Several

gangliosides are involved in the communication of cells

with tissue microenvironment and may participate in

tumor-induced immunosuppression and malignant cell

behavior [2].

Neosynthesis is one of the major concepts for cancer-

associated alterations of cell surface carbohydrates,

formulated by Hakomori and Kannagi 25 years ago based

on observation of changes in glycolipid composition [3].

The most common sialic acids in mammals are N-

acetylneuraminic (NeuAc) and N-glycolylneuraminic

(NeuGc) acids. The key step in the biosynthesis of

NeuGc is the conversion of NeuAc to NeuGc, which is

catalyzed by the cytidine monophospho-N-acetylneura-

minic acid hydroxylase [4]. NeuGc-containing ganglio-

sides are normal components of cell membranes in all

mammals except human beings. The lack of expression of

NeuGc in humans is due to inactivation by a deletion of

the hydrolase gene [5]. However, neosynthesis of

carbohydrate determinants and expression of NeuGc

gangliosides was observed in human cancer, possibly by

diet incorporation of nonhuman sialic acid [6]. The N-

glycolylated ganglioside NeuGc-GM3 has been described

in some neoplasms, including breast carcinoma [7] and

melanoma [8], but is usually not detected in normal

human cells. This fact defines NeuGc-GM3 as an

interesting target for immunotherapy [9].
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Hypoxia has a profound effect on the cell surface

expression of carbohydrate determinants [10]. It was

recently reported that tumor hypoxia induces a strong

expression of NeuGc-gangliosides in human cancer cells.

Tumor hypoxia stimulated the expression of sialin, a

sialic acid transporter that enhances incorporation of the

nonhuman sialic acid NeuGc [11].

In this regard, adult carcinoma tissues frequently

express NeuGc-gangliosides, such as GM2 or GM3,

specifically in the hypoxic areas in cancer nests [7,10].

On the contrary, NeuGc-gangliosides are virtually absent

in nonmalignant epithelia.

In 1991, Sakakibara and colleagues [12] chromato-

graphically analyzed the glycolipid patterns in Wilms

tumor. They detected an increase of ganglioside GM3 in

cancer tissues as compared with uninvolved tissues.

However, the expression of the particular neo-antigen

NeuGc-GM3 has not been previously investigated and

there is little information about the presence of NeuGc-

gangliosides in pediatric tumors.

Wilms tumor is one of the most common solid

tumors of childhood and dramatic improvements have

occurred as a result of advances in multimodality

treatment [13]. It is considered an ‘‘embryonic tumor’’

of the kidney, being a mimicry of various elements in

normal or abnormal nephrogenesis and presenting a

diverse spectrum of histologic appearance. In this regard,

Wilms tumor gives the unique opportunity to learn about

the expression of NeuGc-gangliosides in diverse trans-

formed cell lineages, comprising epithelial, stromal, and

blastemal elements [13]. Furthermore, characterization of

specific tumor antigens could be important to design

novel immune-based treatment strategies, in order to

reduce long-term complications of current protocols.

Previously, we reported that the novel monoclonal

antibody racotumomab (formerly known as 1E10), an

anti-idiotype vaccine that is able to induce a specific

response against NeuGc-containing gangliosides, can

activate significant antitumor effects in preclinical mouse

tumor models [14]. Racotumomab showed promising

results in clinical trials in patients with advanced breast

carcinoma [15,16] and melanoma [17]. More recently,

adults with non-small cell lung cancer were vaccinated

after receiving standard chemotherapy, and no evidence

of unexpected or serious adverse effects was reported

[18].

The assessment of WT1 and p53 suppressor proteins

can help the physician to perform an immunohistochem-

ical characterization of Wilms tumor. The suppressor

gene WT1 plays an important role in normal development

of the kidney and it is mutated in about 10% of Wilms

tumors [19]. Interestingly, it is known that the anaplastic

variant often expressed undetectable levels of WT1 [20].

The immunohistochemical determination of p53 nuclear

accumulation is not a direct indicator of the presence of

mutations, but has demonstrated to be associated with

poor prognosis in many tumors [21]. Accordingly, Sredni

and colleagues [22] reported that p53 immunopositivity

seems to be associated with aggressive disease and

relapse.

The central aim of the present work was to evaluate

the presence of the N-glycolylated ganglioside NeuGc-

GM3 in Wilms tumor. Postchemotherapy tumors were

grouped in different histologic subtypes, considering the

main preserved component, and analyzed by immunohis-

tochemistry. Additionally, WT1 and p53 proteins were

detected as reference markers, providing complementary

information about tumor biology.

METHODS
Archival cases and tissue processing

We retrospectively reviewed pathological specimens from

25 patients with a diagnosis of Wilms tumor treated at the

Garrahan Pediatric Hospital (Buenos Aires, Argentina).

All patients underwent surgical removal of the renal

tumor after administration of 4 weeks of chemotherapy

(weekly vincristine 1.5 mg/m2 and biweekly actinomycin

D 45 mg/kg). Histologic assessment, pathologic staging,

and treatment protocols were in accordance with the SIOP

2001 guidelines from the International Society of

Pediatric Oncology [23]. Guidelines only considered

cases with more than one third of residual viable tumor

after chemotherapy for classification in different histo-

logic subtypes. Regressive and necrotic types were not

considered in this study, since the viable part of the tumor

involves less than one third of the tumor mass. Hence,

suitable cases were selected and grouped in 5 subtypes, as

follows: mixed subtype (at least 2 components including

blastemal, epithelial, and/or stromal, none of them

exceeding 66% of the residual viable tumor), epithelial

subtype (.66% of epithelial component in the residual

viable tumor and scattered foci of blastemal areas not

exceeding 10%), stromal subtype (.66% of stromal

component in the residual viable tumor and blastemal

areas not exceeding 10%), blastemal subtype (.66% of

blastemal component in the residual viable tumor and

variable proportions of other components), and anaplastic

subtypes (tumors with histologic criteria of anaplasia,

either in focal or diffuse patterns). According to the SIOP

2001 Working Classification of renal tumors of child-

hood, the mixed, epithelial, and stromal subtypes belong

to the intermediate-risk tumors, while blastemal and

anaplastic subtypes fit into high-risk tumors [23]. Ten of

the cases analyzed also included adjacent nontumoral

renal tissue, and 3 samples of normal fetal kidney were

also examined. Sections of 5 mm from formalin-fixed,

paraffin-embedded tumor samples were used. We previ-

ously demonstrated that the routine technique did not

extract antigenic carbohydrate determinants of ganglio-

sides, thus allowing immunohistochemical detection in

tumor sections [24].

Primary antibodies

The antiganglioside monoclonal antibody 14F7 was

produced by the Center of Molecular Immunology (La
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Habana, Cuba) and used at a final concentration of 20 mg/

mL. The 14F7 antibody is a mouse IgG1 that specifically

recognizes NeuGc-GM3, as previously described [8].

Detection of WT1 protein was performed using the

specific mouse monoclonal antibody 6F-H2 (DakoCyto-

mation, Carpinteria, CA, USA) at a dilution of 1:50. The

p53 protein was detected by the mouse monoclonal

antibody DO-7 (DakoCytomation) at a dilution 1:50. The

DO-7 antibody recognizes both normal p53 protein and

p53 oncoprotein.

Immunohistochemistry

After reaction of primary antibodies, all sections were

incubated with a peroxidase-labeled polymer conjugated

to secondary anti-mouse antibodies using the DakoCyto-

mation EnVision+ System-HRP(DAB) and developed

with 3,39-diaminobenzidine as chromogen. Proper posi-

tive and negative controls were made in every staining

battery. Sections from breast carcinoma were employed

as positive controls of NeuGc-ganglioside detection [7].

Immunohistochemical expression was semiquantitatively

evaluated. We scored the intensity of the staining from 0

to 3: 0 5 no staining; 1+ 5 mild; 2+ 5 moderate; 3+ 5

intense. In addition, the percentage of positive tumor cells

was measured for each specimen. Tumors were classified

as negative when no staining was observed or only ,20%

of cells were positive. Results were scored by 3

independent pathologists.

RESULTS

Presence of NeuGc-GM3 ganglioside was evident in 22 of

25 (88%) cases of Wilms tumors, as detected by

immunohistochemistry using the specific 14F7 monoclo-

nal antibody. All cases corresponding to epithelial,

stromal, or mixed histologic subtypes were positive,

whereas some negative cases occurred in anaplastic or

blastemal tumors. On average, more than 50% of tumor

cells were positive in all histologic subtypes, with the

exception of the stromal tumors, which showed a

significantly lower percentage (P , 0.05) of NeuGc-

GM3–positive tumor cells (Table 1).

NeuGc-GM3 staining was moderate to intense in

most cases, although blastemal tumors tended to show a

mild staining. Representative pictures of the different

histological subtypes are shown in Figure 1. The staining

was stronger in the epithelial component, with a

membrane pattern and cytoplasmic diffusion. The stromal

component expressed cytoplasmic NeuGc-GM3 in cells

with rhabdomyoblastic differentiation. In addition, blas-

temal and stromal components showed some NeuGc-

GM3 membrane expression. Tubules of adjacent renal

tissue were positive for NeuGc-GM3 in the cytoplasmic

compartment in all cases analyzed (Fig. 2A), suggesting

the shedding of gangliosides from tumor cells. In this

regard, no expression of NeuGc-GM3 was detected in all

samples of nontumoral kidney tissue from fetal autopsy

(Fig. 2B).

As shown in Table 1, most cases of Wilms tumors of

the epithelial and mixed subtypes were positive for WT1

protein. In the case of the mixed subtype, all epithelial

components expressed WT1, while only some blastemal

components were positive. Regarding p53 protein accu-

mulation, immunodetectable expression was particularly

evident in all cases of anaplastic tumors and also in most

cases of blastemal tumors. A significant inverse correla-

tion (P , 0.01) was found within the different

histological subtypes between the percentage of positive

cases for p53 expression and the percentage of positive

cases for NeuGc-GM3 (see also Table 1).

DISCUSSION

To the best of our knowledge, this is the first report on the

expression of N-glycolylated gangliosides in pediatric

solid tumors. Our immunohistochemical study using a

specific monoclonal antibody evidences NeuGc-GM3

expression in 88% of cases of Wilms tumor analyzed.

The strongest expression was found in the epithelial

component of Wilms tumor and the lower percentage of

positive tumor cells was observed in the stromal subtype.

Table 1. NeuGc-GM3, WT1, and p53 immunopositivity in the different histological subtypes of Wilms tumor

Histological

subtype

NeuGc-GM3

WT1 Positive

casesa (%)

p53 Positive casesa

(%)

Positive casesa

(%)

Positive tumor cellsb

(%)

Predominant

intensityc

Epithelial 5/5 (100) 80 6 5.5 3+ 4/5 (80) 0/5 (0)d

Mixed 5/5 (100) 78 6 7.3 3+ 5/5 (100) 1/5 (20)d

Anaplastic 3/5 (60) 52 6 21.3 2+ 2/5 (40) 5/5 (100)d

Blastemal 4/5 (80) 60 6 15.5 1+ 3/5 (60) 3/5 (60)d

Stromal 5/5 (100) 36 6 7.5e 2+ 2/5 (40) 1/5 (20)d

Total 22/25 (88) 61 6 6.3 2+ 16/25 (64) 10/25 (40)

a
Positive/total cases.

b
Values are means 6 SEM.

c
Intensity of the positive staining was scored as 1+ 5 mild; 2+ 5 moderate; 3+ 5 intense.

d
Significantly inversely correlated with NeuGc-GM3 immunopositivity, within the different histological subtypes; r 5 20.97, P , 0.01 (Pearson test).

e
Significantly different from epithelial and mixed subtypes; P , 0.05 (Kruskal-Wallis test with Dunn posttest).
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Figure 1. Immunohisto-
chemical detection of
NeuGc-GM3 ganglioside in
the different histological
subtypes of Wilms tumor. A.
Epithelial. B. Mixed. C. An-
aplastic. D. Blastemal. E.
Stromal. Insets show intense
membrane expression with
cytoplasmic diffusion in ep-
ithelial components (A and
B), and mild staining in
some blastemal cells (D).
Original magnification
3400 (insets 31000). A color
version of this figure is
available online.

Figure 2. Immunohistochemical analysis of NeuGc-GM3 expression in nontumoral renal tissue. A. Adjacent non-tumoral
renal tissue in Wilms tumor. B. Normal kidney from fetal autopsy. Original magnification 3400. A color version of this
figure is available online.
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In this regard, it is known that complex glycosphingolip-

ids are abundant in cells of neuroectodermal origin and

are also present in some epithelial cells [25]. We have

obtained similar results in a preliminary study with the P3

monoclonal antibody, a less-specific IgM that recognizes

different NeuGc-containing gangliosides and sulfatides,

including NeuGc-GM3 [26]. More than 70% of Wilms

tumors showed a positive staining for NeuGc residues

using the P3 antibody (data not shown).

Results demonstrated that nonneoplastic fetal kidney

tissue was negative for NeuGc residues, supporting the

idea that NeuGc-GM3 may be considered a neo-antigen

associated with renal transformation. Detection of the

gangliosides in the tubules of renal tissue adjacent to the

tumor mass may indicate the shedding of NeuGc from

transformed cells. Gangliosides can be actively shed from

the cell surface of 1 cell and taken up by other cells by

insertion of their lipid anchors into the membrane [27].

Tumor cells apparently misuse this process for their own

advantage, but its real physiological functions remain to

be discovered.

Mammalian cells are covered by a dense glycocalyx,

composed of glycolipids, glycoproteins, glycophospholi-

pid anchors, and proteoglycans. Sialic acids attached to

cell surface glycoconjugates play important roles in many

physiological and pathological processes, including

microbe binding that leads to infections, regulation of

the immune response, and progression and spread of

human malignancies [28]. The possibility that NeuGc-

containing glycoconjugates are taken up directly from the

diet must be taken into account. However, the potential

role of alternative biosynthetic pathways of NeuGc in

human neoplasias is not known [29].

Our data showed that most cases of Wilms tumors of

the epithelial and mixed subtypes were positive for

normal WT1 protein and negative for abnormal p53

accumulation. The same histologic subtypes demonstrat-

ed the higher levels of immunohistochemical expression

of NeuGc-GM3. Detection of abnormal p53 protein

expression was clearly evident in all anaplastic tumors,

an observation that is in agreement with previous studies

on primary nephrectomy specimens and recurrent tumors

[30]. We observed that anaplastic tumors also presented a

lower immunopositivity for NeuGc-GM3. Considering

the histologic subtypes analyzed, a significant inverse

correlation between p53 accumulation and detection of

NeuGc-GM3 was found. This may suggest an abundance

of the ganglioside associated with intact suppressor

proteins in Wilms tumor.

The use of preoperative chemotherapy changes the

distribution pattern as well as the prognostic value of the

different histologic subtypes compared to tumors treated

with immediate surgery. Viable tumors after preoperative

chemotherapy with blastemal-predominant histology or

diffuse anaplasia have a poorer prognosis than epithelial,

stromal, or mixed subtypes [23,31]. As hypoxia-resistant

cancer cells are known to have diminished response to

chemotherapy, it is important to find potential target

molecules for novel antitumor strategies [10]. In this

context, resistant cancer cells could overexpress NeuGc-

containing gangliosides under hypoxic conditions [11].

The absence of NeuGc-containing gangliosides in

normal human tissues makes these gangliosides immu-

nogenic. In fact, antibodies that recognize gangliosides

containing NeuGc residues appear after administration of

animal serum to humans [32]. Although the number of

cases is small, the present characterization of a specific

neo-antigen in Wilms tumor may be of value for the

design of immunotherapeutic protocols. Complementary

therapy with an antitumor vaccine may reduce the need

for high doses of the cytotoxic drugs used in current

protocols or improve chemotherapy results in resistant

patients. Future studies with larger series of Wilms

tumors, as well as other pediatric solid tumors, could

correlate the immunohistochemical expression of NeuGc-

GM3 with established clinical variables, such as staging,

treatment, and disease progression.
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