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Abstract

Background: ABO blood groups have been suggested to contribute to the development of certain tumors; however, the
associations between ABO blood groups and the incidence and metastases of cutaneous malignant melanomas have not
been fully evaluated in Chinese populations. Thus, we investigated these associations with a case-controlled study in
northeast of China.

Methods: A total of 482 patients with cutaneous malignant melanoma and 3,068 healthy- controls were enrolled for the
study between 2001 and 2012 at The Tumor Hospital of Harbin Medical University. A multivariate logistic model was used to
evaluate adjusted odds ratios (ORs) and 95% confidence intervals (CI) for the incidence and metastases of cutaneous
malignant melanoma.

Results: Blood type A individuals had higher tumor incidence and metastasis compared to those with blood type O
(OR = 1.575; 95% CI = 1.208–2.053, p = 0.001; OR = 2.004; 95% CI = 1.032–3.889, p = 0.040), after adjusting for age, gender,
smoking status and alcohol consumption.

Conclusions: Blood type A was associated with higher incidence and metastasis of cutaneous malignant melanoma but
future studies are needed to examine the mechanisms linking cutaneous malignant melanoma to ABO blood types.
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Introduction

Derived from abnormal melanocytes, malignant melanoma is

the most dangerous primary malignant skin tumor, responsible for

more than 75% of skin cancer deaths [1]. Each year, nearly 20,000

cases of cutaneous malignant melanoma are diagnosed in China.

Because this type of cancer has high invasiveness, patient mortality

is high and five-year survival rates of patients with metastatic

disease is less than 20% [1,2]. Thus, understanding the etiology of

this type of cancer and identifying high-risk individuals are

essential strategies for preventing and treating this tumor type. The

development of melanoma appears to be related to multiple risk

factors such as skin and hair color as well as any family history of

melanoma [3,4]. However, the most significant factors associated

with the development of this type of tumor remain to be identified.

ABO blood groups were established by Landsteiner in 1900.

According to the presence of A, B, or O blood group antigens

erythrocyte surfaces, individual blood types of A, B, AB, or O

exist. Also, ABO blood group antigens are expressed in various

human issues. Recently, increasing attention has been directed at a

possible association between ABO blood groups and the risk of

certain malignancies, such as hepatocellular carcinoma [5], and

gastric and pancreatic cancer [6,7]. Several plausible mechanisms,

including inflammation, immune-surveillance for malignant cells

and intercellular adhesion have been proposed to explain such

associations [8210]. Thus, to further understand the potential

association between ABO blood groups and the development of

cutaneous malignant melanoma in a Chinese population, we

conducted a case-controlled study.

Materials and Methods

Ethics Statement
This is a retrospective study and written consent was given by

the patients for their information to be stored in the hospital

database and used for research. Approval was obtained from the

Ethics Committee of The Tumor Hospital, Harbin Medical

University, Harbin, People’s Republic of China.
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Study Population
A total of 482 patients with cutaneous malignant melanoma

were enrolled for the study between 2001 and 2012 at The Tumor

Hospital of Harbin Medical University, Harbin, People’s Republic

of China. We excluded participants with other tumors. The

inclusion criteria for cases were as follows: definitive histopatho-

logical confirmation of cutaneous malignant melanoma; definitive

anatomic site of cutaneous malignant melanoma; data regarding

blood type; sex, age, alcohol consumption and smoking status as

obtained through medical records, and a residence within

northeast China of more than ten years. In addition, 3,068

healthy-controls, admitted to the hospital for a checkup, were

randomly selected during the same period at the same hospital.

The inclusion criteria for controls were the same as those for cases,

except for the cancer diagnosis.

Data Collection
Detailed information for all patients was collected from

individual medical records. Melanoma stages were determined

according to the American Joint Committee on Cancer staging

system. Smokers and non-smokers were segregated based on

whether the person had smoked more than 100 cigarettes during

his lifetime [11]. Alcohol consumers were segregated by drinking

habits. We classified alcohol consumption as ‘‘No/moderate’’ (0–

25 g/day) and ‘‘Yes’’ (.25 g/day) [11]. Anatomic site of

cutaneous malignant melanoma was categorized into ‘‘Head &

neck’’, ‘‘Trunk’’ or ‘‘Limbs’’ [12214].

Statistical Analysis
The SPSS 14.0 statistical software program was used for

statistical analysis. Age, gender, smoking status and alcohol

consumption between the cases and healthy-controls, as well as

metastatic and non-metastatic cases were assessed with Pearson’s

chi-square test. We also used Pearson’s chi-square test to compare

proportions regarding anatomic site of tumors among cases with

various blood groups. To evaluate associations between ABO

blood groups and the incidence for cutaneous malignant

melanoma, as well as ABO blood types and metastases in

cutaneous malignant melanoma patients, crude and adjusted odds

ratios (OR) and 95% confidence intervals (CI) for each variable

were calculated by using unconditional logistic regression. P,0.05

was considered statistically significant.

Results

Characteristics of Cases and Healthy-controls Controls
The characteristics of cases and healthy-controls are shown in

Table 1. No statistically significant differences were found when

comparing these variables between patients and controls, suggest-

ing that frequency matching was adequate.

ABO Blood Groups and Incidence of Cutaneous
Malignant Melanoma

The association between ABO blood types and the incidence of

cutaneous malignant melanoma was estimated using uncondition-

al logistic regression analysis (Table 2). Blood type A seemed to be

correlated to the incidence of cutaneous malignant melanoma.

Adjusting for age, gender, smoking status and alcohol consump-

tion using multivariate logistic regression blood type A was

associated with the incidence of cutaneous malignant melanoma

and no other blood type was associated in this way.

Anatomic site of cutaneous malignant melanoma in the present

study grouped by blood type are shown in Table 3. No significant

differences in the anatomic site of tumors among patients with

various blood groups were evident (P = 0.953).

ABO Blood Groups and Metastasis in Cutaneous
Malignant Melanoma

Metastatic and non-metastatic patient characteristics are shown

in Table 4 and age, gender, smoking status and alcohol

consumption did not create statistical differences between the

two groups. We then investigated the association between ABO

blood types and metastases in cutaneous malignant melanoma

(non-metastatic patients were controls) using unconditional logistic

regression analysis (Table 5). Subjects with blood type A were

more likely to have metastases for cutaneous malignant melanoma

and this was statistically significant different. In contrast, no

association was observed between other blood types (B and AB)

and metastases in cutaneous malignant melanoma (ORs are

depicted in Table 5). Adjusting for age, gender, smoking status and

alcohol consumption using multivariate logistic regression, we

observed that blood type A was associated with metastases for

cutaneous malignant melanoma and no other blood types (B and

AB) were associated in this way.

Discussion

Previous studies suggest a relationship between ABO blood

types and the risk of various cancers. For instance, it is widely

accepted that there is a relationship between blood group A and

gastric cancer [15], and a positive association has been reported

between blood type A and the risk of pancreatic cancer [16].

Blood type B has been said to be related to a higher incidence of

ovarian cancer [17]. Here, we report that blood group A was

associated with a statistically significant increased incidence of

cutaneous malignant melanoma, compared with those with blood

group O. Blood type A was also associated with increased

metastasis in cutaneous malignant melanoma patients. To our

knowledge, this is the first case-controlled study to indicate a

correlation between ABO blood types and the development of

cutaneous malignant melanoma in a Chinese population.

Table 1. Characteristics of malignant melanoma patients and
healthy controls.

Cases Controls

Variable N = 482 (%) N = 3068 (%) P value1

Age 0.837

,65 310 (64.3) 1988 (64.8)

$65 172 (35.7) 1080 (35.2)

Gender 0.572

Male 307 (63.7) 1913 (62.4)

Female 175 (36.3) 1155 (37.6)

Smoking
(current or former)

0.073

No 330 (68.5) 1972 (64.3)

Yes 152 (31.5) 1096 (35.7)

Alcohol consumption 0.063

No/moderate 303 (62.9) 1794 (58.4)

Yes 179 (37.1) 1279 (41.6)

1Pearson’s chi-square test.
doi:10.1371/journal.pone.0088096.t001
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To date, only two studies [18,19] document the relationship

between the risk of cutaneous malignant melanoma and ABO

blood groups, but data from each are inconsistent. In a prospective

cohort study of 95,470 US participants derived from the Nurses’

Health Study and the Health Professionals Follow-up Study [18],

685 participants developed melanoma during the study follow-up

period (27.1 years for females; 16.9 years for males). There was no

statistically significant decreased risk of developing melanoma

across A, B, and AB blood types, compared to participants with

blood group O. Accordingly, Vincenzo and colleagues [19],

reported (445 patients with a histological diagnosis of malignant

melanoma and 38,321 controls) a positive association between

blood type O and the risk of malignant melanoma. Our data

conflict with prior studies and possible reasons for this discrepancy

may include differences in participants. Our participants were

Chinese, living in northeast China. Participants of two prior

studies were Caucasian, living in United States or Italy. Racial

differences may exist and dwelling latitudes may be associated with

ultraviolet radiation exposure. Also, some studies did not adjust for

age or other possible confounders. Our demographic factors for

cases and controls were comparable, and we adjusted our data for

age, gender, smoking and alcohol consumption. We observed that

blood type A was associated with a higher incidence of cutaneous

malignant melanoma (OR = 1.575; 95% CI = 1.208–2.053).

At present, how ABO blood types trigger carcinogenesis is

unclear. However, an explanation may be that the alleles for the

ABO gene located on chromosome 9q34 encode three glycosyl-

transferases to form the antigenic structures of the ABO blood

groups. Blood group antigens are present on key receptors, which

differ according to the cancer type, and control cell proliferation,

resistance to apoptosis and adhesion, such as receptors for

integrins, cadherins, epidermal growth factor and CD44 [11].

Second, blood group antigens could influence two markers of

inflammation–soluble intercellular adhesion molecule-1 (ICAM-1)

and tumor necrosis factor-a (TNF-a) in plasma [20,21]. ICAM-1

contributes to inflammatory responses within the blood vessel wall

by augmenting atherosclerotic plaque formation and increasing

endothelial cell activation. TNF-a can stimulate cell proliferation

and differentiation under certain conditions. Some reports indicate

that ICAM-1 and TNF-aare related to melanoma [22,23]. Finally,

a possible disequilibrium between the ABO gene and another gene

may influence cancer risk.

To date, ours is the first study to investigate the relationship

between ABO blood types and metastasis in patients with

cutaneous malignant melanoma, although some studies have been

undertaken analysis of such a relationship in tumors [24226]. In

one study of ABO blood groups and distant metastases in patients

with nasopharyngeal carcinoma, the rate of distant metastases was

significantly higher in male patients with blood type A than those

with other blood types [24]. Prior studies [25,26] indicate that

having the O blood group prevented the spread of tumors.

We found that blood group A contributed to metastases of

cutaneous malignant melanoma. So, ABO blood group may play

different roles in tumor development. ABO blood group antigens

are also expressed on cancer cells and can be modified by

hypermethylation of the ABO gene promoter, a feature of

malignant tumors. Such changes in the ABO blood antigens on

cancer cells may be related to tumor invasiveness or metastatic

Table 2. The association between cutaneous malignant melanoma risk and ABO blood types: Univariate and multivariate logistic
regression analyses.

Cases Controls

ABO blood type N = 482 (%) N = 3068 (%) Univariate OR (95% CI) P value Multivariate OR (95% CI)1 P value1

O 105 (21.7) 752 (24.5) 1 (reference) 1 (reference)

A 178 (36.9) 859 (28.0) 1.494 (1.15221.938) 0.002 1.575 (1.20822.053) 0.001

B 163 (33.7) 1269 (41.4) 0.92 (0.70821.195) 0.531 0.980 (0.75021.281) 0.883

AB 36 (7.5) 189 (6.2) 1.364 (0.90522.057) 0.138 1.419 (0.93022.167) 0.104

1Adjusted by age, gender, smoking status and alcohol consumption. CI, confidence interval; OR, odds ratio.
doi:10.1371/journal.pone.0088096.t002

Table 3. Anatomic site of cutaneous malignant melanoma
according to ABO blood type.

Blood type

Anatomic site O(%) A(%) B(%) AB(%)

Head & neck 29(27.6) 52(29.2) 49(30.1) 8(22.2)

Trunk 45(42.9) 70(39.3) 61(37.4) 16(44.4)

Limbs 31(29.5) 56(31.5) 53(32.5) 12(33.3)

doi:10.1371/journal.pone.0088096.t003

Table 4. Characteristics s in patients with metastasis and
without metastasis.

M0 M1

Variable N = 378 (%) N = 104 (%) P value1

Age 0.111

,65 250 (66.1) 60 (57.7)

$65 128 (33.9) 44 (42.3)

Gender 0.158

Male 237 (62.7) 73 (70.2)

Female 141 (37.3) 31 (29.8)

Smoking
(current or former)

0.086

No 266 (70.4) 64 (61.5)

Yes 112 (29.6) 40 (38.5)

Alcohol consumption 0.548

No/moderate 235 (62.2) 68 (65.4)

Yes 143(37.8) 36 (34.6)

1Pearson’s chi-square test: M0, no metastasis; M1, metastasis.
doi:10.1371/journal.pone.0088096.t004
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potential.

In conclusion, we found that blood type A was associated with a

higher incidence and metastasis of cutaneous malignant melanoma

but future studies are needed to examine the mechanisms linking

the cutaneous malignant melanoma risk to ABO blood types.
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