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ABSTRACT
Molecular pathology of benign prostatic hyperplasia is multifactorial and involves endocrine, biochemical, immu-
nological interactions. The mechanisms involved in the onset and progression of benign prostatic hyperplasia are: 
infections, older than 50 years, imbalances in hormones and neurotransmitters, infl ammation, oxidative stress. It 
is estimated that an infectious etiology can be a cause of wrong immune response directed at the prostate. Infl am-
matory neuropathies often occur after infections with various microorganisms. It is also known, that the presence 
of microorganisms is heterogeneous in patients with benign prostatic hyperplasia.    
In this paper we documented the antibody profi le of anti-GM1, -GM2, -GM3, -GD1a, -GD1b, -GT1b, -GQ1b IgG 
and IgM type in 30 patients with benign prostatic hyperplasia and in 30 controls. The results showed an increasing 
anti-GD1a and anti-GQ1b titer in patients with benign prostatic hyperplasia compared to control. The authors sug-
gest that a careful monitoring of the patients developing an endogenous anti-gangliosidic immune response is 
required in order to assess these antibodies as potential risk factors for neuropathy in patients with benign pros-
tatic hyperplasia.
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INTRODUCTION

Benign prostatic hypertrophy is an actual pa-
thology present in older men, affecting their quality 
of life through extremely troublesome consequenc-
es that obstruction or irritation of the lower urinary 
tract have on the patient. A priority role in the man-
agement of patients with prostatic diseases is repre-
sented by carefully evaluating and treating urinary 
tract infections. It is estimated that an infectious 
etiology can be a cause of a wrong immune re-
sponse directed at the prostate. Infl ammatory neu-
ropathies often occur after infections with various 
microorganisms. It is also known, that the presence 
of microorganisms is heterogeneous in patients 
with benign prostatic hyperplasia.

Gangliosides are oligoglicosilceramides con-
taining one or more sialic acid residues. Numerous 

studies have shown gangliosides intervention in 
regulating cellular growth and differentiation, an-
giogenesis and apoptosis, in immunity, in modulat-
ing the receptors of growth factors and in signaling. 
To symbolize gangliosides Svennerholm classifi ca-
tion was adopted. The G defi nes the ganglioside. 
The letters M, D, T, Q symbolizes the number of 
sialic acids present in the molecule. Number 1, 2, 3, 
4 defi ne the nature of the carbohydrate part. A, b, c 
initials indicate the location of attachment of the 
second molecule of sialic acid. Gangliosides bio-
synthesis occurs through the gradual addition of 
ceramide to oligosaccharides using an complex en-
zymatic device (1,2,3,4,5,6).

GM1 = Gal-3GalNAc-4(Neu5Ac-3)Gal-4GlcCer;
GM2 = GalNAc-4(Neu5Ac-3)Gal-4GlcCer;
GM3 = Neu5Ac-3Gal-4GlcCer;
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GD1a =  Neu5Ac-3Gal-3GalNAc-
 4(Neu5Ac-3)Gal-4GlcCer;
GD1b =  Gal-3GalNAc-4(Neu5Ac-8Neu5Ac-3)
               Gal-4GlcCer;
GT1b =  Neu5Ac-3Gal-3GalNAc-4(Neu5Ac-
              8Neu5Ac-3)Gal-4GlcCer;
GQ1b =  Neu5Ac-8Neu5Ac-3Gal-3GalNAc-
              4(Neu5Ac-8Neu5Ac-3)Gal-4GlcCer
Glc – glucose; Gal – galactose; 
GalNAc – N-acetyl-galactosamine.

The possible importance of gangliosides in 
prostate pathology was investigated in both human 
and animal models (5,6,9). Comparison of the gan-
gliosidic profi le in normal epithelial cells of the 
prostate, prostatic neoplastic androgen-insensitive 
cells (PC-3, DU145), neoplastic androgen-sensi-
tive cells (LNCaP) proved the following: malign 
epithelial cells express GM1b, GM2, GD2, GD1a, 
GM3. HH870 and PC3 cells show unique ganglio-
side components, namely O-acetilGD2 and two 
GMR17 ganglioside-reactive species (specifi c anti-
body for GM1b, GD1a, GT1b) (5,6). In homoge-
nates of tissue from the epithelial cells of the nor-
mal prostate (PrEC), androgen-insensitive neoplastic 
cells (PC-3, DU145) and androgen-sensitive (LN-
CaP-FGC, LNCaP-FGC-10), GM3, GM2, GD3, 
GD2 and GD1a were highlighted. In human benign 
and malign prostatic tissue using 5F3 monoclonal 
antibodies we identifi ed disialosil globopentaosil-
ceramid ganglioside (DSGb5). Antigenic structure 
of gangliosides could differentiate benign and ma-
lignant prostatic tissue (2,3,5,6). A number of stud-
ies have evaluated the role of gangliosides in pros-
tate cell growth. The addition of GD3 exogenous 
culture medium in malignant prostatic cells (PC-3) 
and normal prostate epithelial cells (RWPE-1) 
showed a 30% reduction in the proliferation of ma-
lignant cells compared to controls. This ability of 
exogenous gangliosides to inhibit the spread of 
prostate cancer could represent a therapeutic bene-
fi t in this pathology (5,6).

Less known is the relationship between quanti-
tative changes of extracellular gangliosides, their 
origin and the progression of prostate disease. Gan-
gliosides may be developed by altered cells, im-
mune and infl ammatory cells (2,3,7,8). These gan-
gliosides could induce an antigangliosidic immune 
response .

Based on these considerations, the interest of 
authors is focused on profi ling the antigangliosidic 
antibodies in patients with benign prostatic hyper-
plasia. The objective of this analysis is the investi-
gation of antigangliosidic antibody status as poten-

tial risk factors for neuropathy in patients with 
benign prostatic hyperplasia.

MATERIAL AND METHOD

In the present study, approved by the Ethics Com-
mittee of the Hospital Clinic of Infectious and Tropi-
cal Diseases Prof Dr. Victor Babes Bucharest, were 
included 30 men with benign prostatic hyperplasia 
(mean age 61 years) and 30 healthy volunteers (aver-
age age 58 years) without prostate pathology (con-
trol). All study participants gave their consent to the 
use of biological samples in medical studies without 
prejudice diagnosis or personal image.

Dosing antigangliosidic antibodies was done by 
immunoblot technique using human serum (ob-
tained by centrifugation of blood collected in vacu-
tainer without anticoagulant). By this semi-quanti-
tative method we determinated IgG and IgM 
antibodies against seven gangliosides: GM1, GM2, 
GM3, GD1a, GD1b, GT1b, GQ1b. Identifi cation of 
the antibodies was made by using marked strips 
with purifi ed. ganglioside antigens. Evaluation of 
the obtained results was made using EuroLine Scan 
software. Interpretation of the results was done ac-
cording to the cut-off value, determined based on 
EuroLineScan software signal strength.

STATISTICAL ANALYSIS

Comparison of quantitative variables for the two 
groups was performed by t test. It was chosen as a 
test of statistical signifi cance 0.05 (5%), 95% con-
fi dence level showing that the decision is just. Cor-
relations between variables were determined by 
linear regression and for the presentation of the re-
lationship between two variables Pearson correla-
tion coeffi cient was used. Data processing was 
made using SPSS software.

RESULTS

The ganglioside antibodies model in patients 
with preoperative benign prostatic hyperplasia will 
be presented in comparison with the control group. 
Endogenous immune response against seven gan-
gliosides will be analyzed by IgG and IgM antibod-
ies. Evaluation of the marked strips with GM1 (Ta-
ble 1), GM2 (Table 2), GM3 (Table 3), GD1a (Table 
4), GD1b (Table 5), GT1b (Table 6), GQ1b 
(Table 7) was done automatically using EuroLineS-
can software.

In patients with benign prostatic hyperplasia, 
anti-GM1 IgG antibodies were undetectable in 
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86.6% of cases with prostatic pathology and 100% 
undetectable in control. Anti-GM1 IgM antibodies 
were absent in 80.0% of cases with prostate pathol-
ogy and 100% of control (Table 1). There were no 
statistical differences between the two groups 
(p = 0.372).

TABLE 1. Anti-GM1 antibodies in the studied groups

EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Control

0-5 0
Negati ve

IgG 26 (86.6%) 30 (100%)

IgM 24 (80.0%) 28 (93.3%)

6-10 (+)
Borderline

IgG 4 (13.4%) 0

IgM 6 (20%) 2 (6.7%)

11-25 or
26-50

+/++
Positi ve

IgG 0 0

IgM 0 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

In patients with benign prostatic hyperplasia, 
GM2 IgG antibodies were undetectable in most 
cases. Anti-GM1 IgM antibodies were absent in 
86.6% of cases with prostate pathology and 100% 
of control (Table 2). There were no statistical dif-
ferences between the two groups (p = 0.639).

TABLE 2. Anti-GM2 antibodies in the studied groups

EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Control

0-5 0
Negati ve

IgG 30 (100%) 29 (96.6%)

IgM  26 (86.6%) 30 (100%)

6-10 (+)
Borderline

IgG 0 1 (3.4%)

IgM 4 (13.4%) 0

11-25 or
26-50

+/++
Positi ve

IgG 0 0

IgM 0 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

The anti-GM3 showed a low intensity of the sig-
nal below the cut-off determined by the manufac-
turer assay kit (signal intensity below 10) (Table 3). 
There were no statistical differences between the 
two groups (p = 0.244).

In patients with benign prostatic hyperplasia, 
positive anti GD1a IgG antibodies were observed 
in 6.6% of cases and IgM in 16.6% of cases (Table 
4). Between the two groups statistically signifi cant 
differences were obtained in terms of anti -GD1a 
antibody model (p=0.043).

TABLE 3. Anti-GM3 antibodies in the studied groups
EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Control

0-5 0
Negati ve

IgG 23 (76.6%) 30 (100%)
IgM 24 (80%) 30 (100%)

6-10 (+)
Borderline

IgG 7 (23.7%) 0

IgM 6 (20%) 0

11-25 or
26-50

+/++
Positi ve

IgG 0 0
IgM 0 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

TABLE 4. Anti-GD1a antibodies in the studied groups
EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Contro

0-5 0
Negati ve

IgG 26 (86.7%) 30 (100%)

IgM 22 (73.3%) 30 (100%)

6-10 (+)
Borderline

IgG 2 (6.6%) 0
IgM 3 (10.0%) 0

11-25 or
26-50

+/++
Positi ve

IgG 2 (6.6%) 0
IgM 5 (16.6%) 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

GD1b antibodies were negative in all studied 
cases (Table 5). There were no statistical differenc-
es between the two groups (p = 0.984).

TABLE 5. Anti-GD1b antibodies in the studied groups
EuroLineScan
Signal 
intensity

Results
Anti body 

Class
Benign 

prostati c 
hyperplasia

Control

0-5 0
Negati ve

IgG 28 (93.3%) 30 (100%)

IgM 30 (100%) 30 (100%)

6-10 (+)
Borderline

IgG 2 (6.7%) 0

IgM 0 0

11-25 or
26-50

+/++
Positi ve

IgG 0 0
IgM 0 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

In patients with benign prostatic hyperplasia, 
GT1b IgG antibodies were undetectable in 96.6% of 
each studied group. GT1b antibodie IgM were ab-
sent in 93.3% of cases with prostate pathology and 
100% of control (Table 6). There were no statistical 
differences between the two groups (p = 0.281).

In patients with benign prostatic hyperplasia, 
positive anti- GQ1b IgG antibodies were observed 
in 20.0% of cases and IgM in 23.4% of cases 
(Table 7). Between the two groups were obtained 
statistically signifi cant differences in terms of anti 
-GQ1b model (p = 0.038).
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TABLE 6. Anti-GT1b antibodies in the studied groups

EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Control

0-5 0
Negati ve

IgG 29 (96.6%) 29 
(96.6%)

IgM 28 (93.3%) 30 (100%)

6-10 (+)
Borderline

IgG 0 1 (3.4%)
IgM 2 (6.7%) 0

11-25 or
26-50

+/++
Positi ve

IgG 1 (3.4%) 0
IgM 0 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

TABLE 7. Anti-GQ1b antibodies in the studied groups
EuroLineScan
Signal 
intensity

Results Anti body 
Class

Benign 
prostati c 

hyperplasia
Control

0-5 0
Negati ve

IgG 24 (80.0%) 30 (100%)
IgM 23 (76.6%) 30 (100%)

6-10 (+)
Borderline

IgG 3 (10.0%) 0

IgM 6 (20.0%) 0

11-25 or
26-50

+/++
Positi ve

IgG 3 (10.0%) 0

IgM 1 (3.4%) 0

>50
+++

Intense 
positi ve

IgG 0 0

IgM 0 0

DISCUSSIONS

Humoral immune response in patients with be-
nign prostatic hyperplasia and control, assessed by 
dosing IgG and IgM type antibodies towards GM1, 
GM2, GM3, GD1a, GD1b, GT1b, GQ1b is the fi rst 
study from literature. 

Based on this analysis, the authors estimated 
that:

• in healthy individuals antigangliosidic anti-
bodies IgG and IgM type for all types of the 
studied gangliosides are absent;

• in patients with benign prostatic hyperplasia 
positive values were obtained. for anti-GD1a 
IgG type in 6.6% of cases and anti-GD1a 
type IgM in 16.6% of cases 

• in patients with benign prostatic hyperplasia 
it was found an increasing titer of anti-GQ1b 
IgG type antibodies in 10.0% and IgM type 
in 3.4% of cases.

 Aberrant expression of gangliosides on the sur-
face of prostate cells may induce an endogenous 
immune response. Developing a unmoral immune 
response against specifi c ganglioside could be an 
important tool for the diagnosis of prostate disease 
and/or a crucial event in the host protective immu-
nity against a stimulus (1,2,9,10).

Glycosphingolipids characterization and corre-
sponding antibodies in prostate disease is limited. 
Comparing the antigangliosidic antibody profi le 
endogenous elaborated in control in patients with 
benign prostatic hyperplasia, prostatic cancer pa-
tients in early stages and patients with metastatic 
prostate cancer, showed qualitative and quantita-
tive changes of IgM antibodies (9). 

We analyzed the antibodies profi le directed 
against eight gangliosides: GM1, GM2, GM3, GD1a, 
GD1b, GD2, GD3, GT1b. The results of this study 
have shown an increasing titer of anti-GD1a IgM 
and an reducing titer of anti-GD3 IgM in patients 
with early prostate cancer than in patients with me-
tastases compared to patients with benign prostatic 
hyperplasia and compared to controls (9). 

These fi ndings suggest that in prostate cancer it 
can start an endogenous antigangliosidic immune 
response. IgM titer varies depending on the devel-
opment stage of prostate cancer. Consequently, 
multicenter studies are needed to confi rm that these 
antibodies can be used as immunological markers 
for early detection of prostate cancer. The explana-
tion of this phenomenon is based on the following 
assumptions (9). First, the synthesis of ceramide 
mediates apoptosis and tumor cells avoid apoptosis 
by glycosylation of ceramides and storage of the 
glycosylated products as sialolactosilceramides or 
gangliosides in the cytoplasm, or on the outer layer 
of cell membranes. Secondly, the profi le of gangli-
osides differ qualitatively between normal prostatic 
epithelial cells, epithelial cells from benign pros-
tatic hyperplasia and malignant prostate epithelial 
cells. In addition, the cell proliferation is associated 
with necrosis, which increases the release of gan-
gliosides in the extracellular environment. Fourth, 
gangliosides exert immunosuppressive effects and 
induce changes the in immune function. As a result, 
gangliosides can be recognized as a danger signal 
by the host immune system. 

Hence it can be concluded that the synthesis of 
IgM antibodies could work as a mechanism to re-
move these dangerous signals and could restore the 
immune competence of the host. These data sup-
port the role of antiglicosidic antibodies useful as 
biological markers in differentiating between be-
nign prostatic hyperplasia and prostate cancer.

 Likely causes of chronic immune imbalances in 
benign prostatic hyperplasia may include infec-
tions, autoimmune response, urinary refl ux, this 
amylacea corporations. It is estimated that an infec-
tious etiology can be a cause of wrong immune re-
sponse directed at the prostate (1,3,5,9,10). The 
emergence of microorganisms is highly heteroge-
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neous in patients with benign prostatic hyperplasia, 
and viruses were rather observed in prostate cancer 
pathology. 

A new research approach may be represented by 
identifying the anticlicosidic antibodies directed 
against gangliosides found in the structure of mi-
croorganisms. Antigangliosidic antibodies have 
been well documented in Campylobacter jejuni in-
fections, cytomegalovirus, Epstein-Barr virus, My-
coplasma pneumoniae, Haemophilus infl uenzae, 
Herpes simplex virus, encephalitis virus, B hepati-
tis virus, human immunodefi ciency virus (HIV), 
rubella, Legionella.

Antigangliosidic antibodies have pathognomon-
ic value for neuropathies (1,10). The explanation of 
this phenomenon is given based on the ability of 
antibodies directed against gangliosides found in 
the structure of the microorganisms to cross-react 
with gangliosides found in the structure of myelin 
and nerve fi bers, inducing infl ammatory processes 
with consecutive demyelination. These antibodies 
play a crucial role in Guillain-Barre syndrome, 
Miller-Fischer, multifocal motor neuropathy, 
chronic infl ammatory demyelinating polyneuropa-

thy, chronic neuropathic ataxia, sensory acute atax-
ic neuropathy, motor axonal neuropathy, acute de-
myelinating neuropathy in IgM paraproteinemias. 
Note that the infl ammatory neuropathies most often 
occur after recurrent infections (1). A special atten-
tion must be given to molecular alterations in gan-
gliosides metabolism in prostate pathology associ-
ated with urinary tract infections. This approach 
would aim at restoring essential immune compe-
tence of the host.

CONCLUSIONS

Benign prostatic hyperplasia is a common pa-
thology that affects quality of life in older men. The 
results showed an increasing titer of anti-GQ1b and 
anti-GD1a in patients with benign prostatic hyper-
plasia compared to control. The authors suggest 
that a careful monitoring of the patients developing 
an endogenous anti-gangliosidic immune response 
is required in order to assess these antibodies as po-
tential risk factors for neuropathy in patients with 
benign prostatic hyperplasia.
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