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Aberrant expression of N-glycolyl GM3
ganglioside is associated with the aggressive
biological behavior of human sarcomas
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Abstract
Background: The aberrant expression of N-glycolyl GM3 ganglioside (NeuGcGM3) in patients with sarcomas was
reevaluated by assessing the relation of this molecule with some clinicopathological features and overall survival
(OS) of patients.

Methods: Fifty formalin-fixed and paraffin-embedded specimens from patients diagnosed with sarcomas were
included. For the evaluation of NeuGcGM3, the 14F7 monoclonal antibody followed by a peroxidase avidin-biotin
system was used. Clinicopathological features were obtained from patient records. Survival rates were estimated by
the Kaplan-Meier method and compared with the log-rank test. For multivariate analyses, the Cox regression model
was used to identify independent prognostic factors for OS.

Results: The majority of samples had high levels of NeuGcGM3 expression (66.0%) that showed statistical correlation with
age (p = 0.014), TNM stage (p = 0.022), histological grade (p = 0.013) and proliferation rates (p = 0.012). In addition, a
tendency for association with tumor depth (p = 0.070) was evidenced. In univariate survival analysis, TNM stage (p = 0.000),
occurrence of metastasis (p = 0.000) and expression of NeuGcGM3 (p = 0.034) were significant prognostic factors for OS,
while a tendency for association was evidenced for histological grade (p = 0.091). Among these variables, only the presence
of metastasis (p = 0.001) was an independent prognostic factor on multivariate analysis.

Conclusions: The present research suggests the evaluation of NeuGcGM3 expression as a complementary prognostic factor
in sarcoma, although our results need to be validated in a larger series and prospective studies. Moreover, our results could
support the use of this molecule as a target for immunotherapy.
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Background
Soft Tissue Sarcomas (STS) are a heterogeneous group
of tumors that originate from primitive mesenchymal
tissue, which account for about 1% of all human malig-
nancies. In spite of advanced gains with multimodality
treatments, more than 40% of cases eventually experi-
ence tumor recurrence and metastatic spreading [1, 2],

which result in a poor overall survival (OS). In this
sense, it is of utmost importance to improve our know-
ledge about the molecular pathogenesis of sarcomas and
to develop alternative strategies of treatment against spe-
cific molecules. Some of these studies have been focused
in total sialic acid content [3] and gangliosides [4].
Gangliosides are sialic acid-containing glycosphingoli-

pids localized in the plasmatic membrane of vertebrate’s
cell. In normal human tissues, the N-acetylneuraminic
acid (NeuAc) is the most common variant of sialic acid,
while the presence of N-glycolylneuraminic acid (NeuGc)
is limited due to an inactivating mutation in the cytidine
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monophosphate-N-acetylneuraminic acid hydroxylase
(CMP-NeuAc hydroxylase) gene [5]. However, the expres-
sion of NeuGc forming part of gangliosides has been
found in a variety of human malignancies [6–8], suggest-
ing the potential contribution of these molecules to tumor
progression and the metastatic process.
In particular, the aberrant expression of N-glycolyl

GM3 ganglioside (NeuGcGM3) was previously reported
by immunohistochemistry in a variety of malignant tu-
mors, including pediatric [9] and adult [7, 10] sarcomas.
An increased expression of NeuGcGM3 was detected in
59.3–100% of sarcomas, independently of the histo-
logical subtype [9], while the presence of this molecule
in normal tissues was scarce [7, 11]. This fact permitted
to consider NeuGcGM3 as an attractive target for both
active and passive immunotherapy. However, the role of
NeuGcGM3 in the aggressive biological behavior of sar-
comas still remains unclear.
In the present study, it was evaluated for the first time,

the association of NeuGcGM3 expression with some
clinicopathological features of patients with STS. More-
over, the relation of this molecule with the overall sur-
vival of patients was assessed.

Methods
Patients and tissue samples
A number of 50 formalin-fixed and paraffin-embedded
specimens from patients diagnosed with sarcoma, who
underwent tumor surgical resection at the “Hermanos
Ameijeiras” General Hospital (Havana, Cuba) between
2006 and 2013, were included. Samples from adult pa-
tients of any age, sex, race, histological subtype (except
GIST) and any stage of disease were included in the
study. Samples from patients who were treated or
followed up in other medical institution were excluded.
All cases were staged according to the TNM classifica-

tion established by the American Joint Committee on
Cancer (AJCC) [12]. Performance status was evaluated
using the ECOG score [13]. Clinical data such as age,
gender, tumor size and localization, depth of tumor, the
presence of metastasis, disease stage, recurrence, histo-
logical subtype and grade of differentiation were ob-
tained from patient records. Overall survival (OS) was
measured from the date of surgery to death for any
cause or last follow-up and were as calculated for all
patients.
This research was conducted after receiving the ap-

proved consent by the institutional Ethical Committee.

Monoclonal antibodies
Sarcomas were immunohistochemically evaluated for a
panel including but not limited to vimentin, desmin, pan-
actin, S-100 protein, epithelial membrane antigen (EMA),
cytokeratins, HNK-1 (CD57), protein gene product (PGP

9.5), CD99, CD34, c-kit, platelet-derived growth factor re-
ceptor (PDGFR), CD68 (MIC2), myogenic regulatory pro-
tein (MyoD1), h-caldesmon (HCD), alpha-1 antitrypsin
(A1AT), smooth muscle actin (SMA), muscle specific
actin (MSA), myoglobin, myogenin, and Ki-67 (MIB-1).
For N-glycolyl GM3 ganglioside, the 14F7 Mab (a highly
specific IgG1 against this molecule) produced at the
Center of Molecular Immunology (Havana, Cuba) was
used [11].

Immunohistochemical staining
The method previously described [7], was used. Briefly,
five-micrometer serial sections from each block were ob-
tained, and the slides were dewaxed in xylene and rehy-
drated in ethanol following standard procedures.
Afterward, the samples were incubated with 14F7 Mab
followed by a peroxidase avidin-biotin system. Negative
controls were performed substituting primary antibody
for washing buffer (TBS). As positive controls, sections
of breast adenocarcinoma with known positivity for
NeuGcGM3 were used. Enzymatic activity was visualized
with a DAB solution and slides were counterstained with
Mayer’s Hematoxylin.

Evaluation of immunostaining
Immunohistochemical results were analyzed for both
proportion of stained cells and intensity of 14F7 Mab re-
activity. The percentage of positive cells was graded on a
scale of 0–3 (0, no staining; 1, 1–50%; 2, 51–75%; and 3,
76–100%). The intensity of reaction was graded on a
scale of 0–3; 0, no staining; 1, weak staining; 2, moderate
staining; and 3, strong staining. Afterward, an immuno-
reactive scoring (IRS) was obtained by multiplying the
two previously mentioned parameters. Finally, the ex-
pression of NeuGcGM3 was divided into low level (IRS <
6) or high level (IRS ≥ 6). For Ki-67 antigen, five areas of
greater intensity of staining were subjectively selected
and positive and negative cells was counted. Subse-
quently, the percentage of positive cells (positively
stained nuclei/total number of cells × 100) was deter-
mined and the measure was grouped as follows: low cell
proliferation rate (≤ 10%), moderate cell proliferation
rate (11–50%), and high cell proliferation rate (≥ 50%).
All slides were assessed by two trained observers (LS,
NC) who did not have knowledge of clinical characteris-
tics or outcomes.

Statistical analysis
The relation between NeuGcGM3 expression and clini-
copathological variables were analyzed using the chi-
square test. Survival rates were estimated by the Kaplan-
Meier method and compared with the log-rank test. For
multivariate analyses, the Cox regression model was
used to identify independent prognostic factors for OS
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(overall survival). All statistical analyses were performed
with the SPSS program (version 21.0; SPSS Inc., Chi-
cago, USA) and GraphPad Prism 6.0 (GraphPad Soft-
ware, Inc., San Diego, CA). A p-value < 0.05 was
considered statistically significant.

Results
Patient characteristics
Table 1 shows a summary of clinicopathological features
of patients. The median of patient age at presentation
was 51 years (ranged from 18 to 82 years). At the time of
diagnosis, 19 (38.0%) and 31 (62.0%) of patients pre-
sented with 0 and ≥ 1 ECOG performance status, re-
spectively. Seven of the 50 patients (14.0%) showed the
presence of metastasis.
Median follow-up for the entire cohort was 2.21 years

(range 0.17 to 9.50). After 3-years of follow-up, 22/50
(44.0%) of patients displayed tumor recurrence and 21/50
(42.0%) died within 5 years after diagnosis. According to
the first-line therapy used, 37 (74.0%), 9 (18.0%) and 4
(8.0%) of cases received surgery, chemotherapy and sup-
portive care, respectively. The scheme of chemotherapy
used as a neoadjuvant and adjuvant regimen were:
Ifosfamide/Doxorubicin, Doxorubicin, Scheme P6,
Trabectedin, Gemcitabine/Docetaxel and Ifosfamide/Pac-
litaxel. Adjuvant radiation therapy was delivered in 19
(38%) patients.

Expression of N-glycolyl GM3 ganglioside
The expression of NeuGcGM3 was observed in all
cases, although a variable intensity and percentage of
positive cells was evidenced (Fig. 1a and b). No alter-
ations in the expression pattern of NeuGcGM3 was
evidenced when primary treatment options were com-
pared, as previously described by Blanco et al.. The
staining was detected on both the membrane and
cytoplasm of tumor cells with a finely granular stain-
ing pattern. The majority of samples had strong in-
tensity (54.0%) and more than 50% of positive cells
(92.0%) as shown in Table 2. A strong correlation was
found between the percentage of positive tumor cells
and staining intensity (Spearman’s correlation coeffi-
cient 0.564; p < 0.0001). According to the immunore-
active scoring (IRS) 33/50 (66.0%) of cases showed
high levels of NeuGcGM3 expression.

Survival analysis
The results of univariate and multivariate survival ana-
lysis are summarized in Table 3. In survival analysis,
there was a statistically significant difference in the 5-
year OS rates between high and low expression of
NeuGcGM3 (45.4% vs. 82.3%; p = 0.016), while no sig-
nificant relation was obtained with Disease-free survival
(p = 0.346). In addition, univariate analysis showed that

TNM stage (p = 0.000), occurrence of metastasis (p= 0.000),
and expression of NeuGcGM3 (p = 0.034) (Fig. 1c)
were significant prognostic factors for OS, while a
tendency for association was evidenced for a histo-
logical grade of tumors (p = 0.091). Among these vari-
ables, only the presence of metastasis (HR = 11.34;

Table 1 Clinicopathological features of studied patients with
sarcomas

Clinicopathological features No. (%)

Age (years)

≤ 60 31 (62.0)

> 60 19 (38.0)

Gender

Women 28 (56.0)

Men 22 (44.0)

Tumor location

Extremity 33 (66.0)

Trunk 11 (22.0)

Head and Neck 6 (12.0)

Tumor size (cm)

<5 13 (26.0)

5–10 19 (38.0)

>10 18 (36.0)

Tumor depth

Superficial 10 (20.0)

Deep 40 (80.0)

TNM Stage

I 18 (36.0)

II 7 (14.0)

III 18 (36.0)

IV 7 (14.0)

Histological subtype

Liposarcoma 16 (32.0)

Leiomiosarcoma 8 (16.0)

Pleomorphic/fusocellular 8 (16.0)

Condrosarcoma 4 (8.0)

Extraosseous Ewing sarcoma 4 (8.0)

Other histological subtypes 10 (20.0)

Histological grade (n = 47)

G1 15 (31.9)

G2 4 (8.5)

G3 28 (59.6)

Index of cell proliferation

≤ 10 20 (40.0)

11–50 21 (42.0)

> 50 9 (18.0)

Legend. TNM Tumor node metastasis
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95% CI 2.60–49.4; p = 0.001) was an independent
prognostic factor on multivariate analysis.

Relation of NeuGcGM3 expression with
clinicopathological features
The relation of NeuGcGM3 expression with clinicopath-
ological characteristics of patients is shown in Table 4.
The level of immunoreactivity (IRS) was associated with
age (p = 0.014). Interestingly, the presence of this gan-
glioside was statistically significant increased in ad-
vanced clinical stages (p = 0.022), high histological grade
tumors (p = 0.013) as well as in samples displaying an
increased index of cell proliferation (p = 0.012) (Figs. 2a,
b and c). In addition, the expression of NeuGcGM3 was
also increased in deeply located tumors when compared
with superficial malignancies. However, only a tendency

for association was obtained (p = 0.070). No significant
differences were observed with the rest of the clinico-
pathological parameters.

Discussion
Although the presence of NeuGcGM3 has been dem-
onstrated in human tumors of epithelial, neuroecto-
dermal, and mesodermal origins [7], the mechanisms
that support its expression still remain unclear. The
more accepted hypothesis for the presence of NeuGc
in human malignancies is associated with its incorp-
oration from exogenous sources to the altered metab-
olism of malignant cells [14, 15] which is also
exacerbate by hypoxia [16]. Along these lines, the ex-
pression of NeuGc-containing gangliosides has been
shown to be triggered by hypoxic conditions [17]. In
particular, Bousquet et al. confirmed the capacity of
hypoxia to induce NeuGcGM3 in HeLa cells [18].
In the present study, an increased expression of

NeuGcGM3 was detected in 66% of human sarcomas,
regardless of the histological subtype. The presence of
this ganglioside was mainly detected in the surface of
malignant cells, although diffusion to cytoplasm was also
evidenced, as reported by Blanco et al. in these tumors
[7]. In previous studies, NeuGc was the predominant si-
alic acid present on the plasmatic membrane of MG-63
sarcoma cells [19]. Moreover, the expression of cell-
associated NeuGc in osteosarcoma cells isolated from
patients was demonstrated [20], suggesting the potential
role of this molecule in the pathogenesis of osteogenic
tumors.
Here, the increased expression of NeuGcGM3 ganglio-

side was significantly associated with an impaired 5-year

A

B

C

Fig. 1 Expression of NeuGcGM3 in human sarcomas. a and b: Representative photomicrographs of low (IRS < 6) or high (IRS≥ 6) NeuGcGM3
expression (brown color), respectively. Counterstaining with Mayer Hematoxylin (blue color). Black bar = 100 μm. c: Kaplan-Meier survival analyses
for overall survival based on NeuGcGM3 expression; NeuGcGM3- (IRS < 6) mean = 7.93 years (navy color); NeuGcGM3+ (IRS≥ 6), mean = 4.24 years
(green color). The immunoreactive score (IRS) was used to generate the dichotomous variable

Table 2 Expression of NeuGcGM3 ganglioside in sarcomas

NeuGcGM3 expression Number (%)

Intensity of reaction

Weak 7 (14.0)

Moderate 16 (32.0)

Strong 27 (54.0)

Percentage of positive cells

≤50 4 (8.0)

51–75 21 (42.0)

≥ 76 25 (50.0)

Immunoreactive score (IRS)

Low (IRS < 6) 17 (34.0)

High (IRS ≥ 6) 33 (66.0)

Legend. NeuGcGM3 N-glycolyl GM3 ganglioside, IRS Immunoreactive score
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overall survival of patients in the univariate analysis. To
the best of our knowledge, this is the first report con-
cerning the potential prognostic role of NeuGcGM3 in
human sarcomas. However, in the multivariate ana-
lysis only the occurrence of metastasis was an inde-
pendent factor in predicting clinical outcome.
Previously, Lahera et al. published the association of
NeuGcGM3 with the reduced overall survival of pa-
tients with colon adenocarcinomas [21], while Blanco
et al. obtained similar results in NSCLC [22]. In this
regard, our results could support the relation of
NeuGcGM3 expression with the aggressive biological
behavior of sarcomas. Studies regarding the prognos-
tic role of NeuGcGM3 by subtypes of sarcomas with
similar clinical behavior are warranted.
The presence of NeuGcGM3 was also related with

age of sarcoma patients. In previous research, Kan-
duma et al. reported an increase in the amount of
serum total sialic acid in older patients with sarcomas
when compared with the rest of groups. Interestingly,
these patients also displayed a reduction in the level
of natural anti-NeuGc antibodies [3]. Similar to
current research, Lahera et al. obtained a tendency
for association between NeuGcGM3 expression and
the age of colon adenocarcinoma patients [21]. Fur-
thermore, Rodríguez-Zhurbenko et al. reported a re-
duction in the production of anti-NeuGcGM3 in
older NSCLC patients [23], suggesting the decreased
capacity of these patients to effectively fight against
tumors. In this sense, the significance of increased ex-
pression of NeuGcGM3 in older patients with sar-
coma needs further investigation.
In addition, the expression of NeuGcGM3 was signifi-

cantly increased in high histological grade tumors. In
previous studies, Blanco et al. reported a relation of
NeuGcGM3 expression with an increased histological
grade of both malignant gliomas and transitional cell
carcinoma of the urinary bladder [22]. It is recognized
that high histological grade sarcomas are characterized
by an increase in the proliferation rates [24], occurrence
of metastasis, and decreased survival rates [25].
Moreover, the presence of NeuGcGM3 was significantly
higher in tumors displaying an increased index of cell
proliferation. This result aligns with the results obtained
by Blanco et al. in NSCLC using flow cytometry [22]
and could support the preferential expression of
NeuGcGM3 in more aggressive forms of sarcomas.
Interestingly, the presence of NeuGcGM3 was in-

creased in deep sarcomas when compared with super-
ficial tumors, although only a tendency for statistical
association was obtained. It is known that superficial
sarcomas are located exclusively above the superficial
investing muscular fascia, while deep tumors are
defined as either deep or involving the superficial

Table 3 Univariate and multivariate analysis of overall survival in
studied population

Variables Overall survival

Univariate
p value

Multivariate

Age 0.695 HR (95% CI) p value

Gender 0.615

Tumor location 0.306

Performance status 0.347

Tumor size 0.305

Tumor depth 0.118

Occurrence of metastasis 0.000 11.34 (2.60–49.4) 0.001

Histological grade 0.091

Index of cell proliferation 0.757

TNM stage 0.000

Recurrence 0.309

NeuGcGM3 expression 0.034

Legend. HR Hazard ratio, CI Confidence interval, TNM Tumor node metastasis,
NeuGcGM3 N-glycolyl GM3 ganglioside. Bold value indicates
statistical significance

Table 4 Expression of NeuGcGM3 in relation to selected
clinicopathological features

Clinicopathological
features

NeuGcGM3 expression (IRS) p value*

Low High

Age (years)

≤ 60 15 16 0.014

> 60 2 17

Tumor depth

Superficial 6 4 0.070

Deep 11 29

TNM Stage

I 11 7 0.022

II 1 6

III 3 15

IV 2 5

Histological grade (n = 47)

G1 10 5 0.013

G2 1 3

G3 6 22

Index of cell proliferation

≤ 10 11 9 0.012

11–50 6 15

> 50 0 9

Legend. NeuGcGM3 N-glycolyl GM3 ganglioside; *Chi-square test, IRS
Immunoreactive score, TNM Tumor node metastasis
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fascia [26]. Consequently, deep sarcomas are usually
characterized by an increased local recurrence and
metastatic risk [26, 27] and also with increased tumor
size [28], representing a more aggressive form of the
disease.
Finally, the presence of NeuGcGM3 was signifi-

cantly associated with advanced TNM stage, a clinico-
pathological feature also related with an adverse
clinical outcome of patients. Our data is consistent
with a previous report of Lahera et al. regarding
colon adenocarcinomas [21]. It is well known that
TNM classification is characterized by increased
tumor size and the presence of lymph node and/or
distant metastasis. However, no relation of
NeuGcGM3 expression with tumor size or occurrence
of metastasis separately was obtained, resembling
other studies in oral melanoma [29], pediatric retino-
blastoma [30], and NSCLC [22]. Although our find-
ings suggest the contribution of NeuGcGM3 to tumor

growth and progression, further studies in larger
series with better distribution by each stage and
histological subtype are required.

Conclusions
In summary, this study reports for the first time the
association of NeuGcGM3 expression with the aggres-
siveness of human sarcomas. The present research
suggests the evaluation of NeuGcGM3 expression as
a complementary prognostic factor in sarcoma, al-
though our results need to be validated in a larger
series and prospective studies. Moreover, our data
could support the use of this molecule as a target for
immunotherapy. Interestingly, specific therapies
against NeuGcGM3 alone or combined with an anti-
EGFR strategy showed promising clinical benefits in
sarcoma patients [31]. Lastly, a Phase I clinical trial
using the humanized version of 14F7 Mab in Cuban
patients with soft-tissue sarcoma has been started.

Fig. 2 Index of cell proliferation and NeuGcGM3 expression. a and b: Representative photomicrographs of different levels of nuclear Ki-67
immunostaining (brown color) in sarcomas, as indicative of cell proliferation. Counterstaining with Mayer Hematoxylin (Blue color). Black bar =
100 μm. c: Distribution of low (IRS < 6) or high (IRS≥ 6) NeuGcGM3 expression according to the index of cell proliferation. Cell proliferation rates
was grouped as follow: low (≤ 10%), moderate (11–50%) and high (≥ 50%)
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