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↑What is“already known” in this topic:
Recent studies have supported the cancer stem cell (CSC)
hypothesis, suggesting that many cancers are managed by cells
possessing stem cell characters. Ganglioside GD2 has been
introduced as a potential marker for breast CSCs. Synthesis of
GD2 by GD2 synthase is considered to be critical for the
synthesis of all complex gangliosides.

→What this article adds:
GD2 synthase mRNA and protein expression were
significantly higher in breast cancer tissues in comparison to
normal adjacent tissues in advanced grades and stages. We
suggest that increased expression of GD2S in advanced breast
cancer potentiates it as a promising tumor marker.
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Abstract
Background: GD2 synthase (GD2S) is the key enzyme required for ganglioside GD2 synthesis. It is commonly expressed in normal

tissues and various cancers. Ganglioside GD2 is identified as a breast cancer stem cells (BCSCs) marker that promotes tumorigenesis.
As GD2S has been found to be a useful molecular marker in neuroblastoma and retinoblastoma tumors, we suggest that it can be
considered as a suitable candidate for the detection of CSCs in breast cancer tissues.

Methods: Expression of GD2S was examined in 65 breast tumors compared to adjacent normal tissues, applying quantitative real-
time PCR (qRT-PCR) and enzyme-linked immunosorbent assay (ELISA). The association between GD2S expression level and
patients’ clinical characteristics was also assessed.

Results: Our findings showed that GD2S mRNA expression was significantly higher in breast cancer tissues in comparison to
normal adjacent tissue samples (4.92-fold change, p<0.001) in advanced grades (p<0.001) and stages (p<0.001). It was also shown that
GD2S protein expression was significantly higher in breast cancer tissues in comparison to normal adjacent tissues (4.86-fold change,
p=0.010) in advanced grades (p=0.010), stages (p=0.005) and larger tumor size (p=0.002).

Conclusion: The current study showed that increased expression of GD2S in advanced breast cancer potentiates it as a promising
tumor marker in these patients.
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Introduction
Breast cancer is the most common cancer among

women worldwide, with 279,100 new cases expected in
the United States in 2020 (1). The overall survival rate of

breast cancer has improved due to applying various tumor
markers for population screening, diagno sis, staging, and
prognosis. However, no specific breast tumor marker has
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been found so far (2).
The restriction of conventional therapies, like poor

prognosis for patients at the advanced stages of cancer (3),
usually includes systemic or local toxicity as well as drug
resistance (4). This suggests that tumor bulk may involve
a subpopulation of cells that are responsible for the start of
tumor growth with the potential to metastasize and recur.
Due to some resemblances between those cells and stem
cells, the former has been named as CSCs (3). Also, recent
studies have strongly supported the CSC hypothesis, sug-
gesting that many cancers ,including breast cancer, are
driven by a subpopulation of cells displaying stem cell
properties. These cells may mediate metastasis as well as
contributing to treatment relapse due to their relative re-
sistance to chemotherapy and radiation (5). According to
the CSC theory, the CSC population may have diagnostic,
prognostic, or clinical implications.

Some CSC markers may have a diagnostic potential,
which is considered to be useful for early diagnosis (6). In
addition, CSCs can also have prognostic potential that
affects a patient’s prognosis by promoting metastasis and
recurrence (7). CSCs are involved in resistance and re-
lapse after anticancer therapies. Thus, selective targeting
and eradication of CSC are included in the most important
therapeutic challenges, with clinical intervention potential
(6). In earlier studies, various markers such as CD44 (8),
EPCAM (9), and ALDH1 (10) have been introduced as
potential markers of breast cancer stem cells (BCSC).
However, attempts to explore a specific BCSC marker
have not been successful yet. The clinical implication of
BCSCs requires the identification of specific markers that
have high relevance to the patients' clinical characteristics
as well as outcome (11).

Recently, ganglioside GD2 has been introduced as a po-
tential marker for breast CSCs (12). GD2 is introduced as
a glycosphingolipid containing sialic acid, which is syn-
thesized from GD3 by GD2 synthase. Moreover, it  is also
expressed on the cell surface of limited normal adult tis-
sues, such as the central nervous system along with the
surface of neuroblastomas and melanomas (13). β1,4-N-
acetylgalactosaminyltransferase (β1,4GalNAc-T; EC
number: 2.4.1.92) is the key enzyme for the conversion of
GM3, GD3, and lactosylceramide to GM2, GD2, and asi-
alo-GM2 (GA2). Therefore, it is also called GM2/GD2
synthase (14).

Despite the potential relevance of GD2 in the diagnosis
and prognosis of malignant tumors and therapeutics, the
presence and role of GD2 require further investigations,
especially in breast cancer (15).

Most previous studies conducted on breast cancer cell
lines and BCSCs showed overexpression of GD2 synthase
(GD2S) and an increased expression level in pc3-GD3s
cells. Accordingly, GD2S was increased in BCSCs by 5.0-
fold. Notably, a study performed by Michael Andreeff on
12 breast cancer cell lines and 12 patient samples showed
no elevation in GD2S, while they found GD3S in GD2
expression cells.

In BCSCs, GD2 and GD3 and their upstream glycosyl-
transferases, GD3 synthase (GD3S), and GD2 synthase
(GD2S), can maintain stem cell phenotype (16). Also, it

was found that small interfering RNAs against GD2S can
efficiently reverse the proliferative phenotype (17, 18).
The reduction of GD2 expression by GD2S knockdown
reverted the CSC phenotype into a non-CSC phenotype
(19).

We hypothesized that; GD2S might reflect the presence
of CSCs in tissue samples of breast cancer patients. There-
fore, we attempted to determine if levels of GD2S are
elevated in tissue samples of BC patients compared to
non-cancer patients. Consequently, performing this would
provide support for GD2S as a CSC marker.

Previous studies showed controversial results. However,
this is the first study with the largest sample size that
compared GD2S expression between human breast cancer
fresh tissue samples and normal adjacent tissues. Alt-
hough several studies have been conducted on breast can-
cer cell lines, only one study was performed on 12 limited
patient samples without making any comparison with
normal tissues. Moreover, for the first time, in this study
using statistical analysis, the potential relevance of this
marker with the clinical characteristics of patients was
evaluated. In the current study, we aimed to determine
whether GD2S can be used as a proper tumor marker and
also a potential CSC marker in breast cancer for future
clinical applications.

Methods
Patients
A total of 65 patients with primary breast cancer, who

underwent diagnostic surgery for breast cancer in the sur-
gical department of Imam Khomeini hospital in Urmia,
Iran, between 2015 and 2016, were enrolled in this study.
After confirming malignancy, the normal adjacent tissues
were also identified. Normal adjacent tissues of the same
breast cancer patients were applied as the matched control.
After confirming their diagnosis by the pathology report
and providing written consent, the patients underwent
mastectomy. Also, in this study, none of the patients un-
derwent any treatment before the surgery. Accordingly,
these patients comprised various subtypes of breast cancer
including invasive ductal carcinoma, invasive lobular car-
cinoma, comedo type, micropapillary, metaplastic carci-
noma, fibromatosis-like carcinoma, and ductal carcinoma
in situ (20). Afterward, the archival medical records were
retrieved to obtain the clinicopathological parameters in-
cluding age, tumor type, histologic grade, tumor stage,
lymphatic invasion, vascular invasion, and size of the tu-
mor. Then, the tumors were staged and graded in terms of
the TNM staging classification protocol (21) and Bloom-
Richardson grading system (22), respectively.

Fresh tumor tissue samples were collected in RNA, and
later RNA stabilization reagent was performed (Qiagen,
Germany). For archival storage at –80°C based on the
Qiagen protocol, the tissues were incubated overnight in
the reagent at 2°C to 8°C, which were then removed from
the reagent and were kept at –80°C. This study was ap-
proved by the ethics committee of Iran University of Med-
ical Sciences (Ref No: IR.IUMS.rec.1394.26452). Moreo-
ver, the written informed consent was obtained from all
the patients.
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RNA extraction, cDNA synthesis, and quantitative real-
time PCR (qRT-PCR)

Total RNA was extracted from fresh tumor tissue sam-
ples, along with normal adjacent tissues, using RNX-plus
solution, chloroform, isopropanol, and ethanol (all ob-
tained from Afragen biotech, Iran). Total RNA (1-5 μg)
was reversely transcribed into cDNA in 20 μL final vol-
ume using cDNA Synthesis Kit (Yekta Tajhiz Azma,
YT4500, Iran). Subsequently, three biological replicates
were processed for each sample. Quantitative real-time
PCR (qRT-PCR) was then performed using iQ5 real-time
PCR detection system (Bio-Rad, USA) for 1 cycle for 3
min at 95 °C, followed by 40 cycles for 40 s at 95 °C, and
for 40 s at 60 °C. Notably, SYBR Green qPCR master mix
was also applied (Yekta Tajhiz Azma, YT2551, Iran). In
this study, the primers were purchased from Pishgam
Company (Pishgam, Iran). The sequence-specific primers
were as follows: GD2 synthase F: GACAA-
GCCAGAGCGCGTTA and R: TACTTGAGACAC-
GGCCAGGTT (23-25).

qRT-PCR data were analyzed using the comparative Ct
method, which is a widely used method to present relative
gene expression (also known as the 2- ΔΔCt method) (26).
Afterward, relative expression levels of mRNA were nor-
malized using the mRNA level of the reference gene,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH;
primer: F: G GGGAGCCAAAAGGGTCATCATCT and
R: GACGCCTGCTTCACCACC TTCTTG), which was
applied as an endogenous control in each sample (27-29).

Enzyme-linked immunosorbent assay (ELISA)
A highly specific quantitative human B4GALNT1

sandwich ELISA kit (MBS109442, USA) was used to
measure the protein expression of the GD2S in terms of
the manufacturer's instructions. Subsequently, the absorb-

ance was determined at 595 nm using an absorbance mi-
croplate reader (Awareness Technology, USA). Concen-
trations of cytokine are calculated based on a standard
curve. The obtained data were represented as mean ng/mL
of GD2S ± SD of three experiments.

Statistical analysis
Data were analyzed using the statistical software SPSS

(version 20.0; IBM Corp, USA). In this study, we reported
the categorical data by N (%) and quantitative data as
mean. A normality test was performed for checking the
normal distribution of data. The mean level of GD2S ex-
pression was compared between fresh tumor tissue sam-
ples and adjacent normal tissues using Kruskal-Wallis and
Mann-Whitney U tests. Pearson’s χ2 was used to assess
the association between gene and protein expression levels
of GD2S as well as the clinicopathological parameters in
the patients with breast cancer. A P value of <0.05 was
considered statistically significant.

Results
Evaluation of GD2S mRNA expression level in fresh

tumor tissues of breast cancer and their adjacent normal
tissues using qRT-PCR

GD2S mRNA level in the tumors and their adjacent
normal tissues was calculated by the expression of the
gene of interest relative to the internal control in order to
check if any differences may be caused by CSCs.

Based on our analysis, the relative mRNA level of
GD2S was 6.43 (SD=0.8) and 1.35 (SD=0.1) in tumor
tissues and in adjacent normal tissues, respectively (Fig.
1). Also, there was a 4.92-fold increase in the expression
level of GD2S in tumor tissue samples of breast cancer
patients compared to adjacent normal tissues. According-
ly, this difference was statistically significant (p<0.001).

Fig. 1. GD2 synthase (GD2S) mRNA expression level in tumor tissue samples compared to
normal adjacent tissues using qRT-PCR. The expression level of GD2S was significantly higher
in tumoral tissue samples compared to adjacent normal tissues (4.92.-fold). Data are represented
as mean ± SD (n = 3 each).
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Evaluation of GD2S protein expression level in fresh
tumor tissues of breast cancer and their adjacent normal
tissues using ELISA

GD2S expression was compared in tumoral tissue sam-
ples instead of normal adjacent tissue samples to validate
the protein expression of GD2S, which may be caused by
the CSCs. A statistically significant increase was found in
the expression of GD2S in tumoral tissue samples com-
pared to normal adjacent tissue samples (4.86-fold,
p=0.010) (Fig. 2).

The association between GD2S expression and clinico-
pathological characteristics of breast cancer tumor tis-
sues

Patient characteristics: The sample population included
a total of 65 patients. The mean age of the patients was 44
years old (ranged from 22 to 72 years old, SD=10.59), 36
(55.4%) patients were younger than 44 years old, and 29
patients (44.6%) were over 44 years old. In this study,
tumor size (at the largest diameter) ranged from 0.2 to 7
cm, which was then categorized into two groups, based on
a mean tumor size of 3 cm. The patient's clinicopathologi-
cal features are summarized in Table 1.

mRNA expression: Pearson’s chi-square test was used to
evaluate the association between mRNA expression of
GD2S and clinicopathologic characteristics of the patients
with breast cancer. In this regard, the expression level of
GD2S has significantly increased in higher grade tumors
(2 & 3) (p<0.001) and at the advanced stages (III & IV)
compared to patients with stages I & II breast cancer
(p<0.001). The association among GD2S and the other
clinicopathologic parameters including age, type of carci-
noma, lymphatic invasion, and size of the tumor, was not
statistically significant. The mean of relative expression

was used as the cut-off value for the evaluation of the
quantitative relative expression. These findings are sum-
marized in Table 1.

Multiple linear regressions were used to predict the ex-
pression level of GD2S based on the clinicopathological
characteristics, including grades and stages showing a
significant correlation in a previous analysis. Moreover, a
preliminary analysis was performed to ensure that there
were no violations of the assumption of normality, lineari-
ty, and multi-co-linearity.

In this study, to test how the two independent variables
(grade and stage) might affect the outcome (expression)
and how they interact with each other to produce a unique
response to the dependent variable (expression), a profile
plot was prepared by SPSS. In addition, there was a sig-
nificant stage (II, III & IV) by grade (1 & 2) interaction
effect (p=0.036) on expression (Fig. 3).

Expression of GD2 protein: The expression of GD2S
protein was associated with a higher grade (p=0.010), an
advanced stage (p=0.005), and tumor size (p=0.002) in
tumor tissue samples. Higher expression of GD2S was
observed in 61.8% of the patients in grade 2 and 58.8% in
the breast cancer patients at higher stages (III & IV). Fi-
nally, higher expression of GD2S was observed in 73.5%
of tumors with a size of 0.2-3 cm in breast cancer. Moreo-
ver, there was no significant association between GD2S
protein expression and the other clinicopathological pa-
rameters of patients (Table 2). Preliminary analysis was
performed to ensure that there were no violations of the
assumption of normality, linearity, and multi-co-linearity.

In this study, in order to test how the two independent
variables (grade and stage) might affect the outcome (pro-
tein level) and how they interact with each other to pro-
duce a unique response to the dependent variable (protein
level), a profile plot was prepared by SPSS. In addition,

Fig. 2. GD2 synthase (GD2S) protein expression level in tumor tissue samples compared to normal
adjacent tissues using ELISA. GD2S protein expression level was significantly higher in tumoral
tissue samples compared to adjacent normal tissues (4.86-fold). Data are represented as mean ± SD
(n = 3 each).
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there was a significant stage (II, III & IV) by grade (1 &
2) interaction effect (p<0.05) on expression (Fig. 4).

Discussion
Although incidence, mortality, and survival rates vary

4-fold in different regions worldwide, the incidence of

Table 1. The association between GD2 synthase (GD2S) mRNA expression and clinicopathological parameters in fresh tumor tissues in patients
with breast cancer (P-value; Pearson’s χ2 test)

Clinicopathological parameters
GD2S expression

Total samples n (%)
mRNA expression

P-valueLow High
Mean age, years (22-72)
≤ 44

> 44
36 (55.4)
29 (44.6)

25 (69.4)
16 (55.2)

11 (30.6)
13 (44.8) 0.240

Tumor types
Invasive ductal carcinoma
Ductal carcinoma in situ
Comedo-type
Metaplastic
Invasive lobular carcinoma
Fibromatosis-like
Micro papillary

33 (50.8)
9 (13.8)
7 (10.8)
6 (9.2)
6 (9.2)
3 (4.6)
1 (1.5)

22 (48.9)
7 (15.6)
5 (11.1)
4 (8.9)
4 (8.9)
2 (4.4)
1 (2.2)

11 (55)
2 (10)
2 (10)
2 (10)
2 (10)
1 (5)
0 (0)

0.810

Histological grade
1
2
3

24 (36.9)
25 (38.5)
16 (24.6)

22 (91.7)
14 (56.0)
5 (31.2)

2 (8.3)
11 (44.0)
11 (68.8)

<0.001

Tumor stage
I
II
III & IV

14 (21.5)
11 (16.9)
40 (61.5)

25 (100.0)
11 (100.0)

5 (17.2)

0 (0.0)
0 (0.0)

24 (82.8)
<0.001

Lymphatic invasion
Yes
No

36 (55.4)
29 (44.6)

23 (79.3)
18 (50)

6 (20.7)
18 (50) 0.300

Vascular invasion
Yes
No

20 (30.8)
45 (69.2)

9 (27.3)
24 (72.7)

11 (34.4)
21 (65.6) 0.170

Tumor size (cm)
≤3
>3

41 (63.1)
24 (36.9)

26 (63.4)
15 (62.5)

15 (36.2)
9 (37.5) 0.940

P Value of <0.05 was considered statistically significant.

Fig. 3. Profile plot to evaluate interaction effects of grade and stage with GD2S mRNA ex-
pression. A significant tumor stage (II, III & IV) by histological grade (1 & 2) interaction
effect (P = 0.036) on expression was observed.
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breast cancer is increasing all around the world, and mor-
tality is also increasing in those regions that lack early
detection programs (30).

Several markers are used as tumor markers in patients

with breast cancer. However, the available markers have
no sensitivity for early disease, and they all lack specifici-
ty, so they are not of value in early detecting breast cancer
(31).

Table 2. The association between GD2 synthase (GD2S) protein expression and clinicopathological parameters in fresh tumor tissues in patients
with breast cancer (P- value; Pearson’s χ2 test)

Clinicopathological  parameters
GD2S expression

Total samples n (%)
Protein expression

P-valueLow High
Mean age, years (22-72)
≤ 44

> 44
36 (55.4)
29 (44.6)

15 (48.4)
16 (51.6)

15 (44.1)
19 (55.9) 0.460

Tumor types
Invasive ductal carcinoma
Ductal carcinoma in situ
Comedo-type
Metaplastic
Invasive lobular carcinoma
Fibromatosis-like
Micro papillary

33 (50.8)
9 (13.8)
7 (10.8)
6 (9.2)
6 (9.2)
3 (4.6)
1 (1.5)

1 (3.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

32 (97.0)
9 (100.0)
7 (100.0)
6 (100.0)
6 (100.0)
3 (100.0)
1 (100.0)

0.400

Histological grade
1
2
3

24 (36.9)
25 (38.5)
16 (24.6)

11 (35.5)
9 (29.0)

11 (35.5)

3 (8.8)
21 (61.8)
10 (29.4)

0.010

Tumor stage
I
II
III & IV

14 (21.5)
11 (16.9)
40 (61.5)

11 (35.5)
7 (22.6)

13 (41.9)

0 (0.0)
14 (41.2)
20 (58.8)

0.005

Lymphatic invasion
Yes
No

36 (55.4)
29 (44.6)

18 (58.1)
13 (41.9)

18 (52.9)
16 (47.1) 0.430

Vascular invasion
Yes
No

20 (30.8)
45 (69.2)

9 (29.0)
22 (71.0)

11 (32.4)
23 (67.6) 0.490

Tumor size (cm)
≤3
>3

41 (63.1)
24 (36.9)

11 (35.5)
20 (64.5)

25 (73.5)
9 (26.5) 0.002

P Value of <0.05 was considered statistically significant.

Fig. 4. Profile plot to evaluate interaction effects of grade and stage with GD2S protein
expression. A significant tumor stage (II, III & IV) by histological grade (1 & 2) interaction
effect (p<0.05) on expression was observed.
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CSC theory not only elucidates the issue of tumor’s ini-
tiation, development, and ability to metastasis and reoc-
cur, but it also indicates the inefficacy of conventional
cancer therapy (3).

BCSCs were firstly determined using CD24 -/low/CD44+

population, showing the intensified ability to commence
tumor growth when xenografted into immunocompro-
mised mice (8). Several other markers were subsequently
determined such as CD133, ALDH1, alpha-6 integ-
rin/CD49f, SOX2, CK5, beta-1 integrin/CD29, ER-. Ac-
cordingly, cells containing these phenotypes are also
found in cell lines of breast cancer and may impress cells
with the expanded ability for tumor initiation (11).

Despite considerable progress in understanding CSC
surface molecules, there still exist many issues to be ad-
dressed. Moreover, it should be noted that none of the
CSC markers are specific up to now, and all CSCs do not
express the markers. However, some non-CSCs may ex-
press the markers. Although the markers can be applied
for the determination of CSC-rich subpopulations, all the
CSCs may not be isolated by them precisely (32). One of
the superiority of GD2 comparing other tumor-associated
gangliosides is the fact that GD2 is highly expressed in
tumor cells, while it is not expressed or exhibits a very
low-level expression in normal cells (33). Notably, no
staining or very low level of expression of GD2 in stroma
cells has been reported in previous studies. In this regard,
Gangliosides GD2 and GD3 are widely distributed in the
central nervous system (CNS) and at lower levels in the
stroma of most organs (27). GD2 expression in normal
fetal and adult tissues was primarily restricted to the cen-
tral nervous system, peripheral nerves, and skin melano-
cytes; however, a low level of GD2 expression was de-
scribed in the stromal component of some normal tissues
including mesenchymal stromal cells (MSCs), and white
pulp of the spleen (28). In a very recent study by Massimo
Dominici et al., only a few GD2 positive cells were ob-
served within the negative stroma. Afterward, the specific-
ity of GD2 staining on breast cancer cells was confirmed
by no staining apparent in stroma and normal glandular
ducts (29).

Synthesis of GD2 by GD2S enzyme is considered to be
critical for the synthesis of all complex gangliosides en-
riched in the nervous system of vertebrates. Also, substan-
tial evidence for the role of complex gangliosides has been
obtained following the cloning of cDNAs encoding
GM2/GD2S using an expression-cloning approach (14).

The key enzyme for GD2 synthesis (GD2S) in mRNA
level was evaluated as a molecular marker to identify the
neuroblastoma cells with metastatic behavior in bone mar-
row (34). However, to date, no study has been conducted
either on clinical specimens or on the relevance of GD2S
expression with the clinicopathological characteristics.

Therefore, this study was conducted to evaluate GD2S
expression in fresh tumor tissues of breast cancer and the
normal adjacent tissues. Also, in this study, for the first
time, the relevance of GD2S level with the patients’ clini-
cal characteristics was assessed. The current study found
that GD2S expression was higher in tumor tissues com-
pared to the normal adjacent tissues, which was associated

with the grade and stage of cancer.
Sen-itiroh Hakomori et al. (35) conducted a study on

breast cancer cell lines. In their study, it was indicated that
among various glycosyltransferases, mRNA levels have
increased in CSCs for ST3GAL5, B4GALNT1, ST8SIA1,
and ST3GAL2, which may clarify the enhanced expres-
sions of GD2, GD3, GM2, and GD1a in CSCs. Moreover,
knockdown of B4GALNT1 and ST8SIA1 significantly
decreased the expressions of GD2 and GD3 and caused a
phenotype change from CSC to a non-CSC that could be
found by the reduced mammosphere formation and cell
motility.

In a recent study conducted by Cheorl-Ho Kim (36), it
was also found that the intracellular ganglioside GD3 is
transformed to GD2 type (more specifically to Galactose-
β1, 4-GalNAc transferase) possibly through intracellular
endogenous GD2S. In this regard, although the GD2S
mRNA was expressed in both pc3-GD3s (GD3S synthase
(GD3S) over-expressing cells) and pc3 (pcDNA3) cells,
and enhanced expression was seen in the pc3-GD3s cells.
Accordingly, results proposed that the GD3S-transfected
cells accumulated GD2 ganglioside formed from GD3
precursors. In a study on 12 different breast cancer cell
lines and samples, Michael Andreeff et al. (12) showed
that GD3S is highly expressed in GD2+ and
CD44high/CD24low cells, not GD2S.

Our study was conducted on fresh tumors and adjacent
normal tissues in the patients with breast cancer, while
previous studies focused on cell lines and a limited num-
ber of the patients’ samples (n=12). Moreover, in the pre-
sent study, for the first time, we compared GD2S expres-
sion with the clinicopathological characteristics of breast
cancer patients in both levels of gene and protein expres-
sions.

The majority of the previous studies (35, 36) on breast
cancer cell lines showed overexpression of GD2S. Also,
an increased expression level was observed in the pc3-
GD3s cells. Moreover, in other studies, GD2S expression
increased by 5.0- fold in BCSCs. However, in the above-
mentioned study performed by Michael Andreeff, GD3S
in GD2 expressing cells showed overexpression.

In addition, we found an elevated level of GD2S in tu-
mor tissues compared to normal tissues. In our previous
study, 168 tissue samples embedded in formalin-fixed
paraffin were immune-stained for GD2 by immunohisto-
chemistry. Higher GD2 expression was found in the pa-
tients with breast cancer with advanced histological grade,
presence of lymph node invasion, a larger size of tumors,
and older ages. Although overexpression of GD2 was ob-
served in tumoral cells in comparison to a very low level
of expression in normal adjacent tissues, no expression of
GD2 was observed in stromal cells (37).

Also, previous studies showed the same trend as they
only evaluated cell lines of breast cancer, but not the tis-
sue samples. Correspondingly, Andreef showed no in-
crease in GD2S level in GD2 positive cells but GD3S
overexpression. However, their study had a small sample
size of 12 cell lines and 12 patient samples, without mak-
ing any comparison to normal tissue or to the patient’s
clinicopathological characteristics. The only similar study
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that assessed the relevance of GD2 with 63 samples for
IHC showed no relationship with the important clinico-
pathological parameters. However, in this study, we found
a significant correlation between GD2S and the grade and
stage of the disease.

For further assessment, it is recommended to examine
the relationship between GD2S and GD2 overexpression
with larger sample size. Also, it is suggested to study
GD2S in cellular levels.

Conclusion
According to our results, the GD2S expression level

was higher in breast cancer tumor tissues compared to the
normal adjacent tissues. This elevation was found that
GD2S expression may be associated with the grade and
stage of breast cancer. These findings may suggest GD2S
as a promising tumor marker of breast cancer for clinical
application.
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