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Abstract

The ABO and Rhesus blood systems have been studied extensively
in relation to various diseases, including cancers. Recent evidence
suggests that ABO blood group may influence susceptibility to oral
potentially malignant disorders (OPMDs) and oral cancers, partic-
ularly oral squamous cell carcinoma (OSCC). The current review
explores the association of ABO and Rhesus blood groups with oral
cancers, summarizing epidemiological, molecular, and immuno-
logical studies to elucidate potential mechanisms underlying this
relationship.
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Introduction

Oral cancer is a significant global health concern, accounting
for a considerable number of cancer-related morbidity and
mortality. While early detection improves survival outcomes,
addressing risk factors such as tobacco use, alcohol consump-
tion, and viral infections is essential for effective prevention
and control. However, genetic and hereditary predispositions,
including ABO and Rhesus (Rh) blood groups, have emerged
as potential factors influencing susceptibility and prognosis of
oral potentially malignant disorders (OPMDs) and oral can-
cers. This review provides an up-to-date synthesis of the cor-
relation between ABO/Rh blood group phenotypes and oral
malignancies, integrating epidemiological, molecular, and
immunological studies to elucidate the potential biological
mechanisms underlying this association.
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The ABO Blood Group System and Its Link to
Diseases

The ABO blood group antigens, in addition to their expres-
sion on erythrocytes, are also prominently expressed on vari-
ous human cell types, including sensory neurons, platelets,
and vascular endothelial cells [1]. Erythrocyte cell surface an-
tigens play a crucial role in maintaining membrane structural
integrity, facilitating cell motility, mediating tissue differen-
tiation, participating in inflammatory responses, transporting
molecules across the membranes, and enabling cell adhesion
[2-4]. The ABO blood group system was first identified by
Karl Landsteinner in 1900 [5]. This system comprises three
antigens (A, B, and H) and categorizes individuals into four
major groups based on the presence or absence of these an-
tigens on the surface of erythrocytes: A (presence of agglu-
tinogen A), B (presence of agglutinogen B), AB (presence of
both A and B agglutinogens), and O (absence of both A and
B agglutinogens) [5, 6]. The ABO gene is located on chromo-
some 9, specifically at locus q34.1 to q34.2, and encodes gly-
cosyltransferase responsible for antigen synthesis [7, 8]. These
antigens are oligosaccharides expressed on the extracellular
surface of the erythrocyte membrane. The A antigen is char-
acterized by the presence of N-acetylgalactosamine (GalNAc),
while the B antigen is defined by galactose (Gal) [7, 8]. These
sugars are enzymatically transferred to a precursor structure,
the H antigen, under the regulation of the ABO gene. In epithe-
lial tissues, ABH antigens are carbohydrate-based and exhibit
highly regulated expression patterns associated with epithelial
differentiation and cell maturation [9]. Following the ABO
system, the Rh blood group system is the second most clini-
cally significant. The Rh system is defined by the presence or
absence of highly immunogenic D antigen on the erythrocyte
membrane. Individuals expressing the D antigen are classified
as Rh-positive, whereas those lacking this antigen are catego-
rized as Rh-negative [5].

While people possess the same ABO system, the distribu-
tion of specific types varies across different geographic regions
and ethnic populations due to genetic diversity and evolution-
ary factors. Scientific research focuses on the relationship
between human genetics and disease, particularly the role of
blood group antigens in malignancies [10]. Blood group anti-
gens, expressed on erythrocytes and epithelial cells, have been
implicated in cancer development, as most human cancers
originate from epithelial cells [11, 12]. The first association
between ABO blood groups and malignancies was reported in
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1953, linking blood group A with an increased risk of stomach
cancer [13, 14]. Subsequently, multiple studies have examined
the relationship between ABO antigens and various cancers,
including gastric, breast, oral, skin, renal, esophagus, cardiac,
lung, laryngeal, salivary gland, gynecologic, colorectal, pan-
creatic, bone, urinary bladder, testicular, melanoma, and pros-
tate cancer [15]. Proposed mechanisms underlying this asso-
ciation include inflammation, immune response to malignant
cells, intercellular adhesion, surface membrane signaling, and
downregulation of glycosyltransferase involved in the biosyn-
thesis of A and B antigens [2, 16, 17]. Thus, loss or altered
expression of ABO blood group antigens in tumor cells can
enhance cellular motility or facilitate the interaction with en-
dothelial cells, promoting metastasis [18, 19]. Additionally, the
accumulation of precursor antigens due to deficiency of A or
B epitopes is associated with an increased risk of malignan-
cies [20]. Despite substantial evidence linking ABO antigens
to cancer susceptibility and progression, inconsistencies exist
due to sample size limitations and regional variations in ABO
frequencies [21, 22].

Oral Cancer

Oral cancer is a malignant condition characterized by abnor-
mal cell proliferation capable of local tissue invasion and
distant metastasis. It is a significant global health burden, ac-
counting for about 5% of all human cancers, with a notable
higher prevalence in developing countries, particularly South
Asia [23, 24]. Globally, it ranks sixth among all tumors, be-
ing third most prevalent in developing countries and eighth in
developed ones [25, 26]. Around 270,000 new cases are di-
agnosed annually, with a worldwide mortality rate of 2.9 per
100,000 [24, 27]. The disease primarily affects individuals
over 50 years of age, with the highest prevalence in the 50 - 59
age group [28-31]. However, some studies indicate a rise in
younger populations, likely due to evolving risk factor expo-
sures such as tobacco consumption which leads to structural
changes in the mucosa [27]. Males reveal a higher incidence
than females, with a global male-to-female ratio ranging from
2:1to 8:1[7, 29, 32-34]. This gender disparity is attributed to
increased exposure to tobacco and alcohol among men.

Oral cancer typically refers to carcinoma originating in
the oral mucosal, arising from either epithelial or connective
tissue. The malignancy typically originates in the buccal mu-
cosa, tongue, and palate, often linked to chronic irritants like
tobacco or betel quid [35]. It predominantly manifests as oral
squamous cell carcinomas (OSCCs), accounting for 92-95%
of cases [36]. OSCCs arise from the squamous epithelium, in
about 90% of cases, often due to multifactorial etiologies that
disrupt cellular growth regulation [37, 38]. Clinically, it is as-
sociated with the presence of leukoplakia, erythroplakia, ulcer-
ative lesions, or exophytic masses [37, 38]. A two-step model
of carcinogenesis in the oral mucosa is identified, including
premalignant lesions and conditions that precede invasive
carcinoma, collectively referred to as OPMDs [36]. OPMDs
encompass a spectrum of conditions marked by increased can-
cer risk, such as leukoplakia, erythroplakia, dysplasia, oral hy-

poplasia, and oral submucous fibrosis (OSMF) [36, 39, 40].
Notably, OPMDs show varying rates of malignant transforma-
tions, ranging from 0.6% to 36% [41, 42], emphasizing the
critical need for regular screening and intervention strategies.

Oral cancer arises from a complex interplay of genetic,
environmental, and lifestyle factors [43, 44]. Tobacco and al-
cohol consumption are primary contributors, accounting for
over 90% of cases [43]. The risk of developing oral cancer
rises proportionally with duration, quantity, and frequency of
tobacco and alcohol consumption [43, 44]. Tobacco-specific
carcinogens, including polycyclic aromatic hydrocarbons,
nitrosoproline, and polonium, and alcohol-induced mucosal
damage, act synergistically, significantly elevating cancer risk
[29, 44]. The use of smokeless tobacco products, such as be-
tel quid and areca nut chewing, common in South Asia [45],
further increases susceptibility by generating reactive oxygen
species and carcinogenic nitrosamines [44, 46]. Other risk fac-
tors include microbe infections (e.g., human papillomavirus
(HPV) and Candida albicans), chronic irritation, dietary defi-
ciencies, poor oral hygiene, and socioeconomic status [29, 44,
47]. On the other hand, around 5% to 10% of cases are totally
attributed to genetic factors [43, 48]. The ABO blood system
has been proposed as a genetic determinant potentially influ-
encing the risk of various types of cancers [16, 39, 43]. While
ABO blood group is determined at birth, oral cancer develops
much later and arises from a complex interplay of genetic pre-
dispositions and environmental factors. Several studies have
suggested that ABO blood groups are not a direct cause for
oral cancers, but they might be associated with cancer sus-
ceptibility or progression [16, 39, 43]. Additionally, genetic
research continues to uncover insights into susceptibility and
disease progression, highlighting the role of genetic factors in
oral cancer development.

Epidemiological Evidence Linking ABO and Rh
Blood Groups to Oral Cancers

Several epidemiological studies have investigated the relation-
ship between ABO and Rh blood groups and the risk of oral
cancer and OPMDs. The current review included articles pub-
lished over the last decade, including case-control, cross-sec-
tional, cohort, and meta-analysis studies that investigated the
objectives of the present study. Among 26 published articles
(Table 1) [10, 28, 29, 39, 47, 49-69], a higher proportion of
oral cancer patients and OPMDs were found to belong to blood
type A (14 studies) [28, 29, 39, 49-59], followed by blood type
B (seven studies) [47, 60-65], and blood type AB (two studies)
[66, 67]. Blood group O showed the lowest association with
both oral cancer and OPMDs [28, 66-68]. Conversely, some
articles reported no correlation between ABO blood groups
and oral cancers [10, 69]. Few studies about the correlation be-
tween Rh factors and oral malignancies were available. There
was a general consensus among Rh factor studies, with most
indicating no significant correlation between the Rh factor and
OPMDs or oral cancers, although a positive trend was noted
in most patients with oral malignancies (Table 1) [29, 50, 51,
62, 65]. Together, these findings suggest that blood type A may

358 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com



J Clin Med Res. 2025;17(7):357-364

Jacoub et al

'sdnoi3 1otpo uey) JINSO dofoaap 03 Aouopud)

1oySIy p[oj-g¢'[ & pey g dnois poojq yim s[enprarpuy

"(287) 2anisod g dnoi3 poojq yim asoy) Aq pamoi[oJ ‘sqNdO Jo yuswdojorap

AU} YIIM PIJRIDOSSE dI0W dIoM (94,9¢) 2AanIsod y dnoid poojq ym sose)

“10J0€J (Y Ul POAIISQO JOUAIQHIP JuedYIuSIs ou yim ‘dnoid jonuods uey) DHSO

pue SqINdO Yroq ur Aouanbaiy 1oy31y Ajpueoyrudis e pamoys g dnoi3 poojg

'syuaned DDHSO ut Aouanbaiy jsomof ay) pamoys O dnoisd

Poo[q IyM ‘sjonuod Ayyreay o3 paredwod HOHSO Pim syuoned

ur Aouonbaiy 1oySiy Apueoiyiudis e pomoys gy dnois poorg

'sdnoi3 poojq 1930 03 paredwod 19oued [RI0 pUL

v dnoi3 poojq usem}aq UOIR[DII0D JUBIIUSIS © Sem oIy ],

'sjonuod 03 paredwod syuaned Kouanboiy 1omor Appuesrjiusis e pey O

dnoi3 pooiq aqiym ‘Kouanbaiy 10ySy Appuesryiusis € pamoys gy dnoid poog

‘AINO pue dnoi3 poojq OV U2am)aq dIysuone[al JUedIuSIs ou sem 1Y) TIAIMOH
*DDSO0 03 Apiqndoosns paseaIour Yjm pajeroosse Apuedijiusis sem y dnois poorg
‘sdnois 100ued [e10 PpUE QNJO YIOq pue

dnoi3 poojq oY) UeIMIOq UOTIB[1I00 JUBDIJIUSIS B Sem I ],

's2d4) poojq 19130 M 950ty 03 paredwod HHSO Surdojorap Jo ysiI

1oYSIY PIOJ-7T € B pomoys (+V) 2anisod ' 2d4) poo[q yim s[enpraipuf

“190URD [BIO Jsulese 109130 oAnod01d Juedyusis € pamoys O dnois poorg “(+0°0 = d)
AINdO Pue J2dUED [BI0 Y30q M SUONRIJ0SSE JURdIIUSIS pajensuowdp v dnoid poorg
“IOJUBD [RIO PUB J0JIB] Y AU} Ueamiaq diysuone[ar

RO TUSIS OU SeM I ], *SASLI JO 950G PIMNsuod y dnoid poorg

“dnoi3 [onuod ay) pue syuened usomioq Aouanbaly Yy ur OUIJIP

JuedIJTUSIS ou sem 13y ], “syuoned ur 10y3iy AjjueoyIugIs sem 19oued

Te1o yum syuaned ur y dnoi3 poojq ay) ‘dnois jonuoos ayy 03 paredwo))

*90UBOIJTUSIS [BINSIIBIS YIBAI JOU PIP UONEIO0SSE oY) ‘(9%,91) g 2dK)

Ppoojq 03 paguoaq syuaened 19oues [eio jo uontodoid 10ySHy € ySnoyyy

"‘AINO dojaaap 03 K[y 210w s

991 010M (+¢) 2AnIsod g od4) poojq yim s[enprAIpu]

‘190U e10 JurdoaAdp 03 uonisodsipaid 1oy3y Apueoryudis

e pajensuowdp (+V) 2anisod v adK) poojq yim spenprarpuy

“IOJUED [BIO PUB J10J0RJ (Y A} USIMIOq UONR[II0D PIAIDSO OU sem a1y, (%) gV 2dKy
pue {(%02) O 2441 “(%¢€7) g 2d& uay ‘(%) v 2d41 pooiq 03 paguofaq syuoned IO

"SUOISQ] SNOJOJULD puk snoI1dduedald [ero Jurnnboe Jo ysi 1ySIy sown 7' ©

pamoys g 2d&) poojq yim spenprarpur ‘sdnoiS poojq 1010 Jo syenpraipur o3 paredwo))
‘sjuonjed [[e Suowe aAnIsod A[[esIoAIUN SeM 1030R] Y YL

'SODSO Yim pasouderp syuaned ur Jusreaard jsowr oy sem y adK) poorg

0S/0S

syuoned (g

0€/0L

000°Z/€€1
0ST/LT
06/9L
LTOL/SO1
001/001
syuaned ¢/

88€°97/950°C

syuaned €9

09/¥9
payrodar JoN
sjuoned g
syuaned 009

syjuaned 11

0TI/0C1

sjuoned ¢

(IINSO) sisoiqyy
snoonwiqns (eI

SAINdO

DOS0 SANdO

O N0)

J3dued [elQ

J3dued [l

AINdO 90oued [BI0)
ANdO 19oued [B10)

J9due?d [elQ

ANdO 9oued [e10)

JI3due?d [l

Jadued [elQ

J9due?d [l

dNdO

J90ue?d [l

100UED [BIQ

(ANdO) 10pI0SIp
jueuSiew Ajrenuajod
[€I0 pue I90UBD [BID)

(DDSO) sewourdIed
snowrenbs [e10

[BUOT}03S-SSOID)
Apmis 11040))

[0U0d-3S8))

[01u0o-ase)
[01U0d-3S8))
[01U0d-3S8)
[03U09-3ase)
[01U0d-3S8)
[eUO01}03S-SSOID
[01u0d-3ased

SISA[eUR-BIOIN

[BUO1}03S-SSOI))

101U09-358))
[BUOI}03S-SSOI)
[BU013095-5S01))

Apnys 11040))

Apmis 11040)

[0.3U03-3se)

[BUOT}O0S-SS01D)

[€9] erpur ‘L10T
‘Te 19 e1OIYIN
[9¢] erpur “L10T
‘Ie 30 winfuy

[c9] e1pur 810C
‘[e 39 BWIWIOOJ

[L9] veig

‘810T ‘Te 1 1j17e[
[ss] erpuy

‘6102 ‘Te 3 ysuIg
[99] erpuy

‘610T ‘Te 10 wadnn
[5] etpur ‘610¢
‘e 10 BIPOYSIYS
[es] etpur ‘1202
‘Te 10 ArIneD)

[cs] etpur 1207
T 10 BULIDA

[8¢] erpup
‘1202 ‘Te 3 ysuig

[62] etpur “120T
‘Te 19 TURIIUIMSY

[16] e ‘1202
‘18 12 pefourueazay

[L¥] etpu ‘TT0T
‘Te 10 Ayproowrewey]

[19] etpur “z20T

‘Te 10 ruysye[eyeN
[6¢] erpuy

‘€T0T ‘Te 19 Ted

[0s] usepe|Sueg
€70T ‘T8 3 yeIpnd

e1pu] ‘[09]

20T ‘Te 10 e[eyod
epy] ‘[6t] ¥20T
J.m 10 reyquoued

S)[NSAI UIBIAI

S[0.}u0Y/syudn g

IseasI([

ugIsap Apms

A1yunod
aeak ‘sioyiny

sleoue) |eJO 0} sdnoig) poog (YY) snseyy pue gy Bunjui] eouspiag |eoibojoiwepidy | ajgel

359

https://jocmr.elmerjournals.com

| Journal compilation © ] Clin Med Res and Elmer Press Inc™

Articles © The authors



ABO and Rh Blood Groups and Oral Cancers J Clin Med Res. 2025;17(7):357-364

be associated with a higher prevalence of oral cancer and OP-
MDs, while blood group O appears to have a protective effect.
Geographical and ethnic variations in study populations may
influence the observed association, necessitating the need for
further large-scale studies.

Mechanisms Linking ABO Blood Groups to Oral
Cancers

The biological mechanisms underlying the association be-
tween ABO/Rh blood groups and the development of oral can-
cers are not entirely understood. However, some assumptions
have been introduced to explain this association such as mo-
lecular mechanisms, immune responses, cell adhesion altera-
tions, and inflammatory pathways.

ABO blood group antigens are complex carbohydrate
structures formed from the precursor H antigen [70]. Since the
protective role of H antigen, particularly in individuals with O
blood groups, has been introduced, altered expression of A or
B antigens has been implicated in oral carcinogenesis [70-72].
Immunohistochemical studies have shown significant loss of
A or B antigens in oral cancers, correlating with reduced trans-
ferase levels, which is responsible for the biosynthesis of A
and B antigens [17, 73]. Early in carcinoma development, A or
B antigens may still be expressed, aiding the survival of genet-
ically altered cells and potentially evading immune detection
[74]. This may account for the slightly increased prevalence
of various types of carcinomas among individuals with blood
groups A and B. However, as tumors progress, downregula-
tion of glycosyltransferase and linkage disequilibrium linking
ABO genes to other genes lead to antigen loss or alteration, as
genetic modifications within the ABO locus are commonly de-
tected across multiple cancer types [17, 29]. This dysregulated
expression may alter the epithelial cell surface and facilitate
tumor progression and metastasis [7, 8, 17, 29, 75]. Contrast-
ing results regarding blood groups A, B, and AB are noted
across published papers, with some suggesting blood group A
as more predisposed to oral cancers, and others highlighting
blood group B or AB as more prevalent in certain populations
[47, 60-62, 66, 67].

Blood group A individuals have shown an increased sus-
ceptibility to oral cancer and other carcinomas, which may be
attributed to immunological interaction involving blood group
antigens. Cancerous cells often express Forssman and Thom-
sen-Friedenreich (T) antigens, which share structural similari-
ties with the A antigen, including the terminal sugar (N-acetyl-
galactosamine) [76]. Since individuals with blood groups A
and AB do not possess anti-A antibodies, their immune system
may fail to recognize and attack these precancerous and ma-
lignant cells effectively, facilitating tumor progression [16, 77,
78]. Conversely, blood group O individuals, possessing anti-A
antibodies, may have a protective advantage against these can-
cers by targeting cells expressing A-like antigens.

Furthermore, interactions between blood group carbohy-
drates and related lectins play a crucial role in metastatic pro-
cesses, enhancing cancer cell adhesion and extravasation [79].
One mechanism by which loss of A and B antigens contributes

There was no significant correlation between OSMF and ABO blood group.
Individuals with blood group B had higher risk of developing OSMF compared
to other groups. There was no correlation between the Rh factor and OSMF.
developing OSCC compared to people with other blood groups. Individuals

Individuals with blood group A showed a 1.51-fold higher risk of developing
with blood group A were at 3.98 times greater risk of developing OSMF.

Individuals with blood group B positive were found to be at an increased
risk of developing OSCC compared to people with other blood groups.
oral cancers when compared to those with other blood groups.

Blood group A conferred an approximately 60-70% increased risk of

Blood group A had a 6.54-fold higher association with oral

cancer compared to blood group O, B and AB.
Individuals with type O blood had a significantly lower

proportion of oral cancer than that of controls.
There was no statistically significant correlation

between ABO blood groups and OPMDs.

Main results

Patients/controls
100/50

300/800

171 patients
164/180
3,832/24,912
50/50

45/45

60/30

Disease

Oral cancer
Oral cancer
Oral cancer
Oral cancer
OSMF
OPMDs
OSCC OSMF

OSMF

Case-control
Case-control
Cross-sectional
Cross-sectional
Case-control
Case-control
Cross-sectional
Case-control

Study design

2017, India [64]

Kumari et al,
Trupti et al, 2015,

Zhang et al, 2016,
India [59]

China [68]
2015, India [65]
Rai et al, 2015,

2017, India [57]
Saxena et al,
2016, India [58]
Reddy et al,
2016, India [10]
India [69]

Ramesh et al,
Nikam et al,

Authors, year,
country

Table 1. Epidemiological Evidence Linking ABO and Rhesus (Rh) Blood Groups to Oral Cancers - (continued)
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to tumor progression is the reduction in cell adhesion proper-
ties. Blood group antigens are known to interact with adhesion
molecules such as integrins, antigens on epidermal growth
factor (EGF), cadherins, intercellular adhesion molecule-1
(ICAM-1), and CD44, which are associated with cellular ad-
hesion, motility, and proliferation. Tumor cells that lose these
antigens may gain enhanced migratory capabilities, facilitat-
ing metastasis [17, 69, 70, 80, 81]. Microbial interactions may
further influence carcinogenesis, particularly with blood group
A, which shows increased susceptibility to microbial adhesion.
Studies have linked blood group A with elevated risks of oral
cancer, possibly due to microbial affinity for A antigen struc-
tures [17, 58, 59, 70, 78, 82].

The secretor phenotype theory, controlled by the pres-
ence of the Se gene, particularly prevalent in individuals
with blood group O, has also been introduced as a protective
mechanism against oral malignancy [77]. Secretor people
possess the ability to secret ABO (H) blood group antigens
in body fluids such as saliva, whereas non-secretors lack this
ability. Several studies have demonstrated a significant corre-
lation between non-secretor status and the prevalence of OP-
MDs. For instance, it was found that 87% of individuals with
OPMDs were non-secretors compared to 16% in the control
group [69]. Additional studies indicated that non-secretors
were more prone to developing conditions like OSMF [83],
with all OSF patients in one study being non-secretors [84].
However, conflicting findings exist regarding the role of se-
cretors status in oral cancer susceptibility. While some stud-
ies support the hypothesis that non-secretors have a higher
risk of oral cancer, others, such as Cerovic et al and Lamey
et al, found no significant association between secretor status
and oral cancer risk [85, 86].

Conclusions and Future Directions

Despite the association between ABO blood groups and oral
diseases like OPMDs and oral cancer, discrepancies in find-
ings underscore the need for future research into genetic and
environmental factors influencing these relationships. Patients
with blood group A may require closer monitoring for early-
stage lesions, while individuals with blood group O may have
a better prognosis. Loss or alteration of ABO blood group an-
tigens, downregulation of glycosyltransferases, and their inter-
action with adhesion molecules and microbial factors contrib-
ute to oral cancer risk. Public health efforts should focus on
educating populations about risk factors and promoting early
detection to enhance survival rates and improve overall health
outcomes. Future studies should consider large, diverse popu-
lations and standardized methodologies to better elucidate the
mechanisms underlying these associations and their implica-
tions for clinical practice and public health interventions.
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