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1. INTRODUCTION 

Breast cancer is the second most common malignancy in 

the world, and the most common in women. It is 

diagnosed in 1.7 million new cases each year, causing 

approximately 400,000 deaths per year worldwide.
[1]

 

 

Breast cancer is a malignant proliferative process in the 

breast, of multifactorial origin, with an evolution that is 

difficult to evaluate and dependent on several genetic, 

epigenetic and environmental causes. Its prognosis is 

estimated by analyzing several clinical, histological and 

biological factors such as: histological grade, hormone 

receptors and HER2 oncoprotein overexpression.
[2],[3] 

 

Like all cancers, breast cancer is associated with 

glycosylation alterations affecting glycoproteins and 

glycolipids. Aberrant expression of glycan structures and 

the appearance of truncated structures, precursors or 

novel glycan structures may affect ligand-receptor 

interactions and thus interfere with the regulation of cell 

adhesion, migration and proliferation. Some unique 

alterations in tumor-associated glycosylation may be a 

distinct feature of cancer cells and, therefore, provide 

new diagnostic and even therapeutic targets. Aberrant 

glycosylation also alters ABH antigens of the ABO 

blood group system, which are also implicated in 

different types of cancers.
[4],[5] 

 

ABH antigens are complex structures of carbohydrates, 

covalently bound to glycoproteins or glycosphingolipids. 

They are present on several tissues in the human body, 

hence their important role in cell recognition, 

proliferation, adhesion and motility.
[6] 

 

Expression studies of ABH antigens in different tissues 

have shown altered glycosylations related to the tumor 

process, inducing aberrant expressions. These aberrations 

are manifested by loss of expression, onco-fetal 

expression and incompatible expression of another 

antigen, different from the one defining the subject 
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ABSTRACT 

Studies of the expression of ABH antigens in different tissues have shown altered glycosylations related to the 

tumor process, inducing aberrant expressions correlated with advanced cancer stage and poor prognosis. Our main 

objective is to study experimentally the expression of ABH antigens on breast tumor tissues in a large sample of 

patients. This are an experimental study carried out on breast tumor tissue samples, from patients with blood group 

B. To further understand the modalities of ABH antigen expression in breast tumor tissue, and their association 

with breast cancer prognostic factors, an immunohistochemical study was performed on surgical specimens of 

breast tumor tissue, to verify the expression of HER2 receptors, B and H antigens. The study concerned 97 cases. 

Analysis of immunohistochemistry results of tumor tissues showed a loss of B-antigen expression in 83.5% of 

cases, of which 54.32% expressed H antigen. Loss of B-antigen expression is more observed in SBR III tumors 

with a percentage of 95.75%. The cases expressing the H-antigen are all SBR grade III. The patients presenting the 

profile antigen-B negative, and antigen-H positive have 91.2% of negative estrogen receptors. Estrogen receptors 

are negative in 78.9% of the B antigen negative patients. 86% of the tumor tissue of the B antigen negative patients 

is HER2 positive. The difference is significant (p<0,05) with patients who have maintained B expression and who 

are all HER2 negative. 

Aberrant expression, is related to the initial oncogenic transformation and may precede the specific 

symptomatology of malignant conversion. 
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studied. Altered expression of ABH antigens on tumor 

tissues has often been correlated with advanced cancer 

stage and poor prognosis.
[7], [8] 

 

However, these findings are in contradiction with those 

of other studies performed in several populations and 

concerning several types of cancer. One of the most 

likely explanations for the controversy is the genetic and 

phenotypic polymorphism, especially ABO, which is 

ethno-dependent. 

 

Thus, in recent years, several studies have concerned the 

involvement of ABH antigens in tumor progression, in 

different populations. In Morocco, in 2016, our team 

published preliminary results of the study of ABH 

antigen expression in tumor tissues collected from 

women with breast cancer. Some of the data remained 

incomplete and therefore did not allow to conclude in a 

significant and statistically valid way.
[9]

 Thus, it has been 

reported that. 

 Loss of B antigen expression on breast tumor tissue 

was observed in 96.3% of blood group B patients. 

 Blood type B patients expressing H antigen on 

tumor tissue after loss of B antigen showed 

overexpression of HER2 receptor in 64.29%. 

 

However, the sample size of blood group B patients with 

all data, including HER2, was small. To complement 

these results, our main objective is to study 

experimentally the expression of ABH antigens on breast 

tumor tissue in a large sample of blood group B patients. 

The ABH and HER2 immunohistochemical data are then 

correlated to some prognostic factors and to different 

anatomopathological and clinical features. 

 

An approval from the Ethics Committee for Biomedical 

Research of Rabat (CERBR) - Faculty of Sciences Rabat, 

University Mohammed V, was granted for the realization 

of this study. 

 

1. MATERIALS AND METHODS 

This retrospective, cross-sectional, single-center, 

experimental study was performed on 97 tumor breast 

tissue samples obtained by different surgical techniques, 

in patients with blood group B (information taken from 

blood grouping cards) and operated for breast cancer. 

 

After the selection of the patients' files at the 

Gynaecology Department of the Mohammed VI Centre, 

we selected the pathological anatomy reports of these 

patients and their specimens at the Pathological Anatomy 

Department of the UHC Ibn Rochd, respecting these 

inclusion criteria. 

 The availability of the patient's initials; 

 The accuracy of the hospitalization number on the 

medical record and the report; 

 The surgical procedure was performed in the 

gynecology department of the Mohammed VI 

Center; 

 The presence of malignancy is affirmed on the last 

report; 

 The availability of representative samples of breast 

tumor tissue. 

 

To further understand the modalities of ABH antigen 

expression in breast tumor tissue, and their association 

with breast cancer prognostic factors, an 

immunohistochemical study was performed on surgical 

specimens of breast tumor tissue, using murine anti-B 

antibodies (clone: 9621A8; DIAGAST, France) and anti-

H (DiaClon Anti-H, clone: H-86/50, BIO-RAD, 

Switzerland), which were diluted to the appropriate 

concentrations, for maximum production of endothelial 

and epithelial cell staining. 

 

Previously, anti-B and anti-H antibodies were checked 

with blood group B and O red blood cells before being 

used in immunohistochemistry. Red blood cells of each 

blood group were washed 3 times with 200µL of 0.9% 

isotonic NaCl solution and centrifuged at 1300 xg for 3 

minutes. Then, a 2% red cell suspension was made by 

adding 1 mL of the isotonic solution. Reactivity was 

tested by adding 30µL of the antibody to 30µL of the 

corresponding red cell suspension. After incubation at 

room temperature for 15 minutes, the mixture was 

centrifuged at 145 xg for 3 minutes. Agglutination was 

read by eye. Reading and interpretation were performed 

according to the International Agglutination Score Code 

standards. 

 

HER2 receptor status was not established in 37 patients. 

An immunohistochemical study was performed, using 

the rabbit anti-human HER2 antibody (from the kit: 

HercepTestTM, Code K5204, Dako, Denmark) 

according to the supplier's instructions. 

 

Immunohistochemistry is a combination of 

immunological and histochemical techniques that allow 

the detection of intra-tissue expression of an antigen by a 

primary antibody specifically directed against that 

antigen. The primary antibody is recognized by 

secondary antibodies (universal antibodies) conjugated 

with fluorescent markers or with revealing enzymes 

(peroxidase, alkaline phosphatase) capable of 

transforming a colorless chromogenic substrate (e.g. 

Amino-3-Ethyl-9-Carbazole) into a colored product 

visible under the optical microscope. For the 

immunohistochemical study, we used a HercepTestTM 

immunostaining detection kit, K5204 Dako.
[10]

 

 

All breast tissue samples collected for the 

immunohistochemical study were formalin-fixed and 

paraffin-embedded and were prepared in several steps. 

Noting that formalin fixation of the tissue generates 

intermolecular bridges between the macromolecules of 

the cell, which may result in masking of HER2 receptors 

and lack of antigen reactivity. Therefore, to demonstrate 

this receptor, tissue sections should be treated with an 

epitope restoration solution consisting of 0.1 mol/L 
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citrate buffer at a temperature of 98˚C for 15 minutes and 

then cooled to room temperature for 10 minutes. 

 

After preparation of the sections by removing excess 

kerosene, and delineation of their contours with a Pap 

pen, we inhibited endogenous peroxidase activity by 

adding 3% hydrogen peroxide reagent for 10 minutes. 

Primary antibodies were applied for 60 minutes with a 

visualization reagent for HER2 receptors consisting of 

horseradish peroxidase-conjugated dextran polymer and 

goat anti-rabbit immunoglobin, and with another reagent 

for the visualization of ABO system antigens, consisting 

of dextran coupled with peroxidase molecules and goat 

secondary antibody molecules directed against mouse 

and rabbit immunoglobulins (EnVisionTM, Flex, Code: 

K8000, Dako, Denmark). 

 

The sections were covered for 3 minutes with an 

extemporaneously prepared chromogenic solution, 

amino-3-ethyl-9-carbazole, which reveals peroxidase 

activity. Then, the slides were rinsed several times with 

distilled water before being incubated with Mayer's 

Hemalum for 5 minutes, and rinsed with running water. 

 

Finally, the slides were dehydrated in 3 ethanol baths 

(3x5 minutes), thinned in 3 toluene baths (3x5 minutes) 

and mounted under coverslips with Eukitt sizing 

solution. 

 

Read under the light microscope, the positivity consists 

of a brownish and granular staining at the cytoplasmic or 

membrane level. 

 

Labeling with anti-B and anti-H antibodies was 

expressed as a percentage of labeled cells. Labeling was 

considered positive when the percentage of labeled cells 

was greater than 5%. 

The HER2 score was determined according to the 

intensity of the labeling and the percentage of labeled 

cells. 

 

To investigate the relationships between loss of B-

antigen expression and H-antigen expression, the 

pathological features of each specimen and patient-

specific prognostic factors, a statistical analysis of the 

results obtained was performed by the Chi-square test 

using the Statistical Package for the Social Sciences 

(SPSS), version 22.0. For all statistical tests used in this 

research, a two-tailed value of p < 0.05 was considered 

significant. 

 

2. RESULTS 

The study involved 97 cases of women with blood group 

B, meeting the inclusion criteria. The malignancy of the 

tumor was confirmed in the last pathology report. 

Representative samples of tumor tissue were available at 

the Laboratory of Pathological Anatomy of CHU Ibn 

Rochd. 

 

Table 1 presents the clinical, histological and 

anatomopathological characteristics of the study 

population. Data on unavailable characteristics marked 

''not specified'' were included in the first censuses. These 

cases were not considered in the statistical association 

analyses. 

 

Before performing the immunohistochemical study, only 

47 patients had all clinical, pathologic, and prognostic 

data included in our study. We expanded the sample size 

to 97, with a number of 50 patients. Of these, 37 were 

studied for additional HER2 immunohistochemical 

expression. 

 

Table 1: Clinical and pathological characteristics of Patients with blood type B (n=97). 

Characteristics Patients with blood type B 

Number of Patients 97 

Average age (years) 51.27 [19-90] 

Histological type  

Non-specific infiltrating carcinoma 70 (72.2 %) 

Invasive lobular carcinoma 6 (6.2 %) 

Ductal carcinoma in situ 6 (6.2 %) 

Carcinoma with medullary aspect 3 (3.1 %) 

Mucinous carcinoma 3 (3.1 %) 

Invasive micropapillary carcinoma 2 (2.1 %) 

Metaplastic carcinoma of non-specific type 2 (2.1 %) 

Lobular carcinoma in situ 2 (2.1 %) 

Invasive papillary carcinoma 2 (2.1 %) 

Carcinoma with apocrine differentiation 1 (1.0 %) 

Tumor size  

Average tumor size (cm) 4.27 [0.6-20.0] 

T1: ≤2 cm 21 (21.6 %) 

T2: 2 cm <t<5 cm 44 (45.4 %) 

T3: ≥5 cm 32 (33 %) 

Histo-pronostic grade  
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SBR I 12 (12.4 %) 

SBR II 38 (39.2 %) 

SBR III 47 (48.5 %) 

Estrogen receptor status  

Positive 29 (29.9 %) 

Negative 58 (59.8 %) 

Not specified 10 (10.3 %) 

Status of progesterone receptors  

Positive 36 (37.1 %) 

Negative 51 (52.6 %) 

Not specified 10 (10.3 %) 

HER 2 status  

Positive 43 (44.3 %) 

Negative 48 (49.5 %) 

Doubtful 6 (6.2 %) 

Status of lymph node metastases  

Positive 50 (51.5 %) 

Negative 28 (28.9 %) 

Not specified 19 (19.6 %) 

Status of vascular emboli  

Presence 39 (40.2 %) 

Absence 56 (57.7 %) 

Not specified 2 (2.1 %) 

 

The results of the immunohistochemical study by anti-

HER2 antibody showed receptor overexpression in 

47.25% (43/91) of the tumors studied. Six cases showed 

HER2 membrane receptor labeling at equivocal score 2+. 

Figure 1 shows examples of immunohistochemical 

labeling with the anti-HER2 antibody obtained in blood 

group B patients. 

 

 
Figure 1: Examples of immunohistochemical labeling with anti-HER2 antibody on breast tumor tissue. 

 

a-Intense membrane HER2 overexpression on invasive 

tumor cell clusters (score 3+); 

b-Absence of HER2 overexpression on invasive tumor 

cells (score 0+). 

 

Immunohistochemical expression of B and H antigens 

was revealed on tumor cells using anti-B and anti-H 

antibodies. Labeling was cytoplasmic or membrane-

based. Table 2 summarizes the immunohistochemical 

profiles and results obtained with the 97 specimens. 

 

Table 2: Expression profiles of B and H antigens in breast tumor tissue of patients with blood group B (n=97). 

 Antigen B Antigen H Number of patients Percentage (%) 

Profile1 + - 16 16.5 % 

Profile 2 - - 37 38.1 % 

Profile 3 - + 44 45.4 % 

+ : positive 

- : négative 
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Figure 2 shows examples of immunohistochemical 

labeling with anti-B and anti-H antibodies obtained in 

blood group B patients. 

 

 
Figure 2: Examples of immunohistochemical labeling with anti-B and anti-H antibodies, on breast tumor tissues 

of blood group B patients. 

 

a-Immunohistochemistry with anti-B antibody showing 

intense and diffuse cytoplasmic and membrane 

expression by tumor cells, with intense expression on the 

internal control represented by vessels (↓); b-

Immunohistochemistry with anti-B antibody showing an 

absence of expression of this marker at the level of tumor 

cells (*), with a positive internal control (vessel cells and 

red blood cells ↓) ; c-Immunohistochemistry with anti-H 

antibody showing intense cytoplasmic expression by 

tumor cells (*), with negative expression on vessels (↓); 

d-Immunohistochemistry with anti-H antibody showing 

absence of expression by tumor cells (*), as well as 

absence of expression at the level of vessels (↓). 

 

Analysis of the immunohistochemistry results of the 

tumor tissues showed a loss of B antigen expression in 

83.5% (81/97) of the cases (profile 2 and 3), of which 

54.32% (44/81) expressed H antigen (profile 3). 

 

The bivariate statistical analysis involved the three B and 

H antigen expression profiles and several prognostic 

factors. A summary of the results of the analysis is 

presented in Table 3. 

 

Table 3: Summary of associations between B and H antigen expression and different prognostic factors. 

Characteristics 

Expression profiles of B and H antigens 

p-value 
Profile 1: 

B: Positive 

H: Negative 

Profile 2: 

B: Negative 

H: Negative 

Profile 3: 

B: Negative 

H: Positive 

Number of Patients 16 (16.5 %) 37 (38.1 %) 44 (45.4 %)  

Age (year)     

≤ 35 year 2 (12.5 %) 5 (13.5 %) 2 (4.5 %) 

>0.05 35 – 70 year 13 (81.3 %) 32 (86.5 %) 37 (84.1 %) 

≥ 70 year 1 (6.3 %) 0 (0%) 5 (11.4 %) 

Histological type  

Non-specific infiltrating carcinoma 12 (75 %) 26 (70.3 %) 32 (72.7 %) 
>0.05 

Invasive lobular carcinoma 0 (0 %) 2 (5.4 %) 4 (9.1 %) 
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Ductal carcinoma in situ 1 (6.3 %) 2 (5.4 %) 3 (6.8 %) 

Carcinoma with medullary aspect 0 (0%) 2 (5.4 %) 1 (2.3 %) 

Mucinous carcinoma 0 (0%) 1 (2.7 %) 2 (4.5 %) 

Invasive micropapillary carcinoma 0 (0%) 2 (5.4 %) 0 (0%) 

Metaplastic carcinoma of non-specific type 1 (6.3 %) 1 (2.7 %) 0 (0%) 

Lobular carcinoma in situ 1 (6.3 %) 1 (2.7 %) 0 (0%) 

Invasive papillary carcinoma 0 (0%) 0 (0%) 2 (4.5%) 

Carcinoma with apocrine differentiation 1 (6.3 %) 0 (0%) 0 (0%) 

Tumor size   

T1 : ≤2 cm 3 (18.8 %) 8 (21.6 %) 10 (22.7 %) 

>0.05 T2 : 2 cm <t<5 cm 9 (56.3 %) 16 (43.2 %) 19 (43.2 %) 

T3 : ≥5 cm 4 (25 %) 13 (35.1 %) 15 (34.1 %) 

Histo-pronostic grade   

SBR I 6 (37.5 %) 6 (16.2 %) 0 (0 %) 

0.0001 SBR II 8 (50 %) 30 (81.1 %) 0 (0 %) 

SBR III 2 (12.5 %) 1 (2.7 %) 44 (100 %) 

Estrogen receptor status   

Positive 14 (87.5 %) 12 (32.4 %) 3 (8.8 %) 
0.0001 

Negative 2 (12.5 %) 25 (67.6 %) 31 (91.2 %) 

Status of progesterone receptors   

Positive 9 (56.3 %) 16 (43.2 %) 11 (32.4 %) 
>0.05 

Negative 7 (43.8 %) 21 (56.8 %) 23 (67.6 %) 

HER 2 status   

Positive 0 (0 %) 6 (17.1 %) 37 (86 %) 
0.0001 

Negative 13 (100 %) 29 (82.9 %) 6 (14 %) 

Status of lymph node metastases   

Positive 5 (45.5 %) 20 (66.7%) 25 (67.6 %) 
>0.05 

Negative 6 (54.5 %) 10 (33.3 %) 12 (32.4 %) 

Status of vascular emboli   

Presence 6 (37.5 %) 18 (51.4 %) 15 (34.1 %) 
>0.05 

Absence 10 (62.5 %) 17 (48.6 %) 29 (65.9 %) 

 

Loss of B antigen expression was observed in SBR grade 

1 tumors with a percentage of 50% (6/12), SBR grade II 

with a percentage of 78.9% (30/38) and SBR grade III 

with a percentage of 95.75% (45/47). The cases 

expressing the H antigen were all (100%) grade SBR III 

(p = 0.0001). 

 

Profile 3 corresponding to tumors not expressing B 

antigen and expressing H antigen, presented a percentage 

of 91.2% (31/34) of estrogen receptor negative. These 

receptors were absent in 78.9% (56/71) of the patients 

with loss of B antigen expression, presenting profiles 2 

and 3 (p = 0.0001). 

 

In order to verify by transitivity the association of 

estrogen receptor expression in the different stages of 

breast cancer with the expression of B and H antigens on 

the tumor tissue, a statistical analysis concerned the 

estrogen receptor status and the different histoprognostic 

grades SBR. Estrogen receptors are less expressed on 

SBR III tumors than on tumors of other grades. The 

percentage of positive estrogen receptor expression 

decreased with increasing histoprognostic SBR grade 

(p<0.0001). 

 

Patients with loss of B-antigen expression showed HER2 

overexpression in 86% (37/43) of tumors, and all B-

antigen expressing tumors showed negative HER2 

overexpression status (p=0.0001). 

 

In order to verify by transitivity the association of HER2 

receptor expression in the different SBR stages of breast 

cancer with the expression of B and H antigens, a 

statistical analysis concerned the HER2 receptor status 

and the different SBR histoprognostic grades. HER2 

receptors are expressed by a higher number of SBR III 

tumors than tumors of other grades. The percentage of 

positive HER2 expression increased with increasing 

histoprognostic SBR grade (p=0.0001). 

 

Node invasion was mainly observed in tumors not 

expressing the B antigen, with a percentage of 67.2% 

(45/67). However, this association is not statistically 

significant. 

 

The associations between aberrant B antigen expression, 

age at diagnosis, histological types of carcinoma, tumor 

size, progesterone receptor status, and vascular emboli 

status showed no statistically significant associations. 

 

In our sample, triple-negative tumors represent 22.22% 

(18/81) of all tumors with information regarding 

hormone receptor status and HER2 receptors. The 

expression profiles of B and H antigens on triple 
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negative and non-triple negative tumors are shown in 

Table 4. 

 

 

Table 4: Expression profiles of B and H antigens on triple-negative and non-triple-negative tumors. 

 Expression profiles of B and H antigens 

Type of carcinoma 

Profile 1: 

B: Positive 

H: Negative 

Profile 2: 

B: Negative 

H: Negative 

Profile 3: 

B: Negative 

H: Positive 

Triple negative 1 (1.23 %) 17 (20.99 %) 0 (0%) 

Non-triple negative 12 (14.81 %) 18 (22.22 %) 33 (40.74 %) 

X
2 
= 25.075 ddl = 2 p = 0.001 

B antigen was expressed in only one triple negative tumor. 94.44% (17/18) of triple negative tumors expressed neither 

B nor H antigen. The H antigen was not expressed on any triple negative tumor. 

 

Table 4 shows that the distribution of B and H antigen 

expression on triple negative and non-triple negative 

tumors is statistically significant (p = 0.0001). 

 

3. DISCUSSION 

The immunohistochemical study revealed three patterns 

of B and H antigen expression on breast tumor tissue. 

Profile 1 corresponds to the expression of the B antigen 

and the non-expression of the H antigen. It represents 

16.5% (16/97). Profile 2 corresponds to the non-

expression of both B and H antigens and represents 38.1 

% (37/97). Profile 3 corresponds to tumors not 

expressing the B antigen and expressing the H antigen 

and represents 45.4 % (44/97). 

 

The association between the expression of B and H 

antigens and the histoprognostic grade showed that SBR 

grade I was more common in profile 1 tumors. SBR 

grade II has a positive association with profile 2. Profile 

3 tumors are all SBR grade III. These observations 

confirm the results of Zouine et al, obtained by analyzing 

tumor tissues of the four blood groups of the ABO 

system.
[9]

 

 

In addition to the obvious associations between each 

ABH antigen expression profile and histoprognostic 

grade, these findings suggest that the loss and aberrant 

expression of ABH antigens follows the progression of 

cancer and histoprognostic grades.
[11]

 

In parallel to these findings, estrogen receptor expression 

is initially high in tumors expressing the B antigen and 

then low in tumors expressing the H antigen alone. The 

same observation is made concerning the expression of 

estrogen receptors which progressively decreases with 

the histoprognostic grade (from SBR I to SBR III). 

 

Similarly, the percentage of HER2-expressing tumors 

changes progressively with SBR grade. Indeed, it is nil 

(0/9) in SBR I tumors, 14% (5/36) in SBR II tumors, and 

83% (38/46) in SBR III tumors. This gradient of HER2 

evolution is also observed in the association with B and 

H antigen expression: profile 1 is superimposed on SBR 

grade I, profile 2 on SBR grade II, and profile 3 on SBR 

grade III. 

 

This evolution of B and H antigen expression indicates 

that they are expressed in a normal way (B-Ag: positive; 

H-Ag: negative) on low-grade tumors with a high 

expression of estrogen receptors and a low expression of 

HER2 receptors. Taking into account the different 

associations, it appears that the decrease of ABH antigen 

expression in tumor cells is proportional to the high 

expression of HER2, and the low expression of estrogen 

receptors. Therefore, the loss of B and H antigen 

expression and subsequent re-expression of H follows 

the progression of the cancer to a poor prognosis (Table 

5).
[12]-[14]

 

 

Table 5: Expression profiles of B and H antigens according to major prognostic factors. 

Expression profiles 

of Ag B and H 

Majority SBR 

grade 

Percentage of 

tumors with 

positive ER 

Percentage of 

tumors with HER2 

positive 

Prognosis 

Profile 1 (B+ ; H-) SBR I (Low) 87.5 % (High) 0 % (Low) Good 

Profile 2 (B- ; H-) SBR II (Medium) 32.4 % (Medium) 17.1 % (Medium) Medium 

Profile 3 (B- ; H+) SBR III (High) 8.8 % (Low) 86 % (High) Bad 

 

These progressive aberrations suggest several 

probabilities regarding the evolution of tumor expression 

of ABH antigens. The process would start at a phase 

between the 1st and 2nd grade SBR, by the loss of the 

successive expression of the B antigen then H, or both 

simultaneously, then the re-expression or the neo-

expression of the H antigen. Indeed, during the tumor 

process many genetic abnormalities can occur. The 

absence of ABH antigens could be due, among other 

things, to the repression or deletion of the FUT1 gene, 

caused by an as yet unknown genetic event, such as a 

partial or total deletion of the gene or a CpG hyper-

methylation of the regulatory sequence of the gene. In 

the case of FUT1 gene repression, a possible reactivation 

could occur that would explain the reexpression of the H 

antigen on SBR III grade tumors observed in our work. 
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The relevance of this reactivation assumption is 

countered by the absence of B antigen reexpression from 

its H precursor.
[15], [16]

 

 

This limitation would favor the likely hypothesis of 

partial or total deletion of the FUT1 gene encoding the H 

antigen. The deletion could also affect both FUT1 and 

ABO genes simultaneously. 

 

In the case of gene deletion, the appearance of the H 

antigen on SBR III grade tumors is only possible by a 

neo-expression due to another gene of the 

fucosyltransferase (FUT) family, thus probably another 

H antigenic form expressed specifically on SBR III stage 

tumor cells, and not allowing the catalysis of the B 

antigen by α(1,3)galactosyltransferases. 

 

Indeed, there are several FUT genes: FUT1, FUT2, 

FUT3, FUT5 and FUT6 located on chromosome 19, 

FUT4 on chromosome 11, FUT7 on chromosome 9, 

FUT8 on chromosome 14, FUT9 on chromosome 6, 

FUT10 on chromosome 8, FUT11 on chromosome 10, 

FUT12 and FUT13 are located on chromosome 20 and 

21 respectively.
[17]-[21]

 

 

Furthermore, alteration of one gene can cause changes in 

another, through epigenetic modifications, such as the 

expression of CD44 isoforms containing exon V6 (CD44 

V6) and CD-133, which have been observed in co-

expression with the H antigen at metastatic stages of 

tumors. These markers are cancer-initiating molecules 

and indicate an unfavorable evolution. Indeed, CD44 

activates transcription factors and genes NANOG, SOX2 

and OCT4 which are very active in stem cells, i.e. in 

immature cells. This is also corroborated by the 

overexpression of the growth factor receptor HER2, 

involved in carcinogenesis and invasiveness.
[16], [22]-[27]

 

 

The lymph node involvement and its association with the 

H-antigen profile is not statistically significant in our 

series, despite their associations with a dominant 

percentage of 67.2% of cases. According to Léon et al, 

the loss of ABH antigens facilitates metastatic 

dissemination by increasing cell motility and resistance 

to apoptosis. In-vitro studies have evoked α (1-2) 

fucosylation as a tumorigenicity-enhancing feature in rat 

colon cancer cells. This feature is thought to be based on 

the ability of H antigen-expressing malignant cells to 

escape immune control by influencing their recognition 

by Natural Killer cells and lymphokine-activated 

cytotoxic cells.
[28]-[30]

 

 

Our hypothesis of the evolution of ABH antigen 

expression with the tumor process and clinical worsening 

can only be proven by prospective studies on breast 

cancer patients, which is ethically not feasible, or by in-

vitro studies by culture of cancer cells whose biological 

process of transformation is difficult to control. 

 

Breast tumors with negative estrogen receptor, 

progesterone receptor, and HER2 receptor status, 

commonly called triple-negative tumors, represent 

22.22% of our sample. Immunohistochemical study of 

these carcinomas showed loss of B antigen expression 

with non-expression of H antigen in 94.44% of tumors. 

This subtype of breast cancer is associated with an 

unfavorable clinical profile with a high risk of early 

metastatic relapse due to the aggressive nature of these 

tumors, their partial response to chemotherapy and the 

lack of targeted therapies used in clinical practice. In the 

absence of research exploring the expression of ABH 

antigens in this type of breast carcinoma, the present 

study is limited by the small number of cases (18 

patients).
[31]-[37]

 

 

Before concluding, as for the results and discussion of 

our work, it is important to point out that despite all the 

statistical evidence regarding the involvement of the 

ABO system in human physiology and pathophysiology, 

the mechanisms by which it may interact with the 

development and progression of cancer, are still poorly 

understood. However, further studies are needed to 

identify the exact mechanisms by which ABO blood 

types may influence the incidence and progression of 

breast cancer, which will lead to consistent and concrete 

results. 

 

4. CONCLUSION 

In conclusion, like many similar studies, this research 

also has its own limitations, including its monocentric 

and retrospective nature, and the number of cases limited 

by the absence of clinical record information, regarding 

ABO blood type, and the status of different prognostic 

factors. Nevertheless, taking into account all our results 

described and analyzed, it appears that ABH aberrant 

expression is an early event that could have a prognostic 

value, as abnormalities in the expression of ABO system 

antigens are due to altered glycosylations characteristic 

of tumor cells, and may appear early in the healthy tissue 

surrounding the tumor. 

 

Aberrant expressions, including loss of ABH antigens, 

are related to the initial oncogenic transformation, and 

may precede the specific symptomatology of malignant 

conversion. 
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