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ABSTRACT
Introduction: The cytolysis mediated by granules is one of the most important effector 
functions of cytotoxic T lymphocytes and natural killer cells. Recently, three single nucleotide 
polymorphisms (SNPs) were identified at exons 2, 3, and 5 of the granzyme B gene, resulting 
in a haplotype in which three amino acids of mature protein Q48P88Y245 are changed to 
R48A88H245, which leads to loss of cytotoxic activity of the protein. In this study, we evaluated 
the frequency of these polymorphisms in Brazilian populations. Methods: We evaluated the 
frequency of these polymorphisms in Brazilian ethnic groups (white, Afro-Brazilian, and 
Asian) by sequencing these regions. Results: The allelic and genotypic frequencies of SNP 
2364A/G at exon 2 in Afro-Brazilian individuals (42.3% and 17.3%) were significantly higher 
when compared with those in whites and Asians (p < 0.0001 and p = 0.0007, respectively). 
The polymorphisms 2933C/G and 4243C/T also were more frequent in Afro-Brazilians 
but without any significant difference regarding the other groups. The Afro-Brazilian group 
presented greater diversity of haplotypes, and the RAH haplotype seemed to be more 
frequent in this group (25%), followed by the whites (20.7%) and by the Asians (11.9%), 
similar to the frequency presented in the literature. Conclusions: There is a higher frequency 
of polymorphisms in Afro-Brazilians, and the RAH haplotype was more frequent in these 
individuals. We believe that further studies should aim to investigate the correlation of this 
haplotype with diseases related to immunity mediated by cytotoxic lymphocytes, and if this 
correlation is confirmed, novel treatment strategies might be elaborated.
Keywords: Granzyme B. SNP. QPY haplotype. RAH haplotype. Brazilian population. 
Population distribution.

RESUMO
Introdução: A citólise mediada por grânulos é uma das mais importantes funções efetoras de 
linfócitos T citotóxicos e células natural killer. Recentemente, três polimorfismos de nucleotídeo 
único foram identificados nos éxons 2, 3 e 5 do gene da granzima B, resultando em um haplótipo 
em que três aminoácidos da proteína madura Q48P88Y245 são alterados para R48A88H245, 
o que leva à perda da atividade citotóxica da proteína. No presente estudo, avaliamos a 
frequência desses polimorfismos em populações brasileiras. Métodos: Avaliamos a frequência 
desses polimorfismos em grupos étnicos brasileiros (brancos, afro-brasileiros e asiáticos) por 
sequenciamento. Resultados: As frequências alélica e genotípica do polimorfismo 2364A/G 
no éxon 2 em indivíduos afro-brasileiros (42,3% e 17,3%) foram significativamente maiores  
(p < 0,0001 e p = 0,0007) quando comparadas a brancos e asiáticos. Os polimorfismos 
2933C/G e 4243C/T também foram mais frequentes em afro-brasileiros, mas sem diferença 
significativa. O grupo afro-brasileiro apresentou maior diversidade de haplótipos e o haplótipo 
RAH foi mais frequente nesse grupo (25%), seguidos pelos brancos (20,7%) e asiáticos (11,9%), 
semelhante à frequência apresentada na literatura. Conclusões: Há uma maior frequência de 
polimorfismos em afro-brasileiros e o haplótipo RAH foi mais frequente nesses indivíduos. 
Acreditamos que novos estudos devem ter como objetivo a investigação da correlação deste 
haplótipo com doenças relacionadas com a imunidade mediada por linfócitos citotóxicos, e 
se essa correlação for confirmada, novas estratégias de tratamento poderão ser elaboradas.
Palavras-chaves: Granzima B. SNP. Haplótipo QPY. Haplótipo RAH. População brasileira. 
Distribuição populacional. 

Cytotoxic T lymphocytes (CTLs) and natural 
killer cells (NK) are effector lymphocytes that 
possess common cytotoxic pathways, needed for 
the organism’s defense against cells infected with 
virus or neoplastic cells, and the cytolysis mediated 
by granules is one of the most important effector 
functions of CTLs and NK cells1. After these cells 
recognize their target, the cytotoxic granules move to 
the immunological synapse, where their membrane 
binds to the cellular membrane and they release their 
content to induce the target cell apoptosis2. The 
main components of these granules are the serine 
proteases, named granzymes and perforin.

Because of its strong proapoptotic activity, 
granzyme B is the most well-characterized protein 
from the granzyme family. Granzyme B is a serine 
protease of approximately 32kDa, which has the 
specificity of cleaving aspartate residues3. The gene 
that codifies granzyme B in humans is located in 
chromosome 14 and possesses five exons and 4 
introns.

Functionally, it is known that granzyme B is 
responsible for inducing a rapid deoxyribonucleic 
acid (DNA) fragmentation of target cells by 
activating the apoptosis by the caspase pathway. 
This was demonstrated in knockout mice for 
granzyme B whose CTLs are incapable to induce a 
fast DNA fragmentation of the target cells in vitro4. 
It also was demonstrated that the granzyme B plays 
an important role in vivo, promoting protection 
against viral infections in rats5. Although a complete 
loss of perforin expression is associated with a 
fatal immune disorder, familial hemophagocytic 
lymphohistiocytosis6, any deficiency of the granzyme 
B expression in this condition was not described7.

Three single nucleotide polymorphisms (SNPs) 
were recently identified, located at exon 2 (A to G 
nucleotide substitution resulting in a glutamine 48 
to arginine substitution—numbering with reference 
to the bovine chymotrypsinogen A sequence), exon 
3 (C to G nucleotide substitution resulting in a 
proline 88 to alanine mutation), and exon 5 (T to 
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C nucleotide substitution resulting in a tyrosine 245 to histidine 
substitution). These substitutions define a haplotype in which the 
three amino acids Q48P88Y245 of the mature protein are altered 
to R48A88H245. These polymorphisms seem to lead to a loss of 
cytotoxic activity of the protein against tumor target cells8.

The frequency of these polymorphisms was evaluated in racial 
groups, and the haplotype RAH was found in a high frequency-25% 
to 30% in Europeans, Africans, and Asians8,9.

Because of the importance of this protein in the immune response 
mediated by CTLs and NK cells and because of the findings related 
to the haplotype RAH, which demonstrated a reduction of the 
cytolytic capacity against transformed cells, we decided to evaluate 
the frequency of these polymorphisms in Brazilian ethnic groups 
to investigate whether these groups have the same genetic profile 
regarding the presence of these SNPs.

Population samples

Three Brazilian urban groups from Ribeirão Preto, a city in the 
northwestern region of the State of Sao Paulo, were analyzed. DNA 
samples were obtained from 55 white, 52 Afro-Brazilian, and 50 
Asian subjects. Individuals were assigned to each group based on 
phenotypic characteristics and only if they reported the absence of 
any other ethnic group in their two preceding generations.

Blood cells obtained from 5mL of blood collected from each 
individual into tubes containing ethylenediaminetetraacetic acid 
as an anticoagulant were separated from plasma under aseptic 
conditions by centrifugation at 900 × g for 10min at 4ºC.

DNA extraction, amplification, and genotyping

Red blood cells were lysed using a 0.144M NH4Cl and 0.01M 
NH4HCO3 solution. Next, DNA was extracted from the buffy coat 
using the Super Quick Gene DNA isolation kit (Analytical Genetic 
Testing Center [AGTC], Denver, CO, USA) according to the 
manufacturer’s instructions. Primer sequences were designed using 
Primer3 software version 0.4.010 based on the GenBank reference 
sequence (accession no. M28879) and were as follows: Exon  
2 (forward): 5´-TCT GGA GCC ACT AAG CAG GT- 3´ and Exon 
2 (reverse): 5´-AAC CAA CCT TCC CCT CTC TC- 3´; Exon  
3 (forward): 5´-GTT TCT AGG GGG AAC CGA AC- 3´ and Exon 
3 (reverse): 5´-GCT GCA CAA TCT TCC CTC TC- 3´; Exon  
5 (forward): 5´-TCT AAA AGG GGG CTT GAG ATG- 3´ and 
Exon 5 (reverse): 5´-CTC TCC CAG TGT AAA TCT GGA C- 3´.

DNA (100-200ng) was amplified in a 25-µL polymerase chain 
reaction (PCR) mixture containing: 5pmol of forward and reverse 
primers, 1X PCR buffer (Invitrogen Life Technologies, Brazil), 2.5mM 
dNTPs, and 1 U Taq polymerase (Invitrogen Life Technologies, Brazil). 
The PCR conditions were as follows: 94ºC for 5min, 35 cycles of 94ºC for 
40s; 57-61ºC for 40s; 72ºC for 1min, and 72ºC for 10min. The amplified 
products were visualized on 1% agarose gel stained with 0.5µg/mL 
ethidium bromide. Fragments of 385, 459, and 299bp were visualized 
and matched with exons 2, 3, and 5 pairs of primers, respectively. 

PCR product sequencing

PCR products (1.0-1.5µL) were sequenced using PCR primers. 
Sequencing reactions were carried out using the DYEnamicTM ET dye 
terminator kit (Amersham Biosciences, Uppsala, Sweden) according 

to the manufacturer’s instructions. The cycling conditions were as 
follows: 95ºC for 1min, 25 cycles of 95ºC for 20s, 50ºC for 20s, and 
60ºC for 1min. Next, the products were electrophoresed directly with 
the automated apparatus MegaBace DNA sequencing system 1,000 
(Amersham Biosciences, Uppsala, Sweden). The electropherograms 
were analyzed with Sequence Analysis Software version 2.4 
(Amersham Biosciences, Uppsala, Sweden). Chromatograms 
were processed using the base program Phred11,12. The SNPs were 
detected in the highly similar regions of multiple alignments using 
the PolyPhred program13.

Statistical analysis

Allelic frequencies and heterozygosity observed were computed 
using the direct counting method. Adherence of genotypic 
proportions to expectations under Hardy-Weinberg equilibrium was 
tested by the exact test of Guo and Thompson14, and the presence 
of a significant association between loci was determined using a 
likelihood ratio test of linkage disequilibrium15, both using Arlequin 
3.1 software16.

The GenePop 3.4 program was used to perform the pairwise 
exact test of population differentiation based on allele and genotype 
frequencies17. Haplotypes defined by the three SNPs were constructed 
using Arlequin 3.1 software16. The allele, genotype, and haplotype 
frequencies were compared using Fisher exact test and χ2 square 

test implemented in the GraphPad-Instat, version 3.05 (GraphPad 
Software, Inc., San Diego, CA), to determine the significance of the 
deviation, with the level of significance set at p < 0.05.

Ethical considerations

The study protocol was approved by the institutional ethics 
committee of the University Hospital, Medical School of Ribeirão 
Preto (process nº 8705/2000). All subjects were informed about 
the procedure and gave written informed consent to participate in 
this study.

Polymorphism detection

Three coding mutations were detected: 2364A/G at exon 2, 
2933C/G at exon 3, and 4243C/T at exon 5. These coding SNPs 
define an allele of the GzmB gene in which three amino acids of 
the mature protein Q48P88Y245 are mutated to R48A88H245. 
Two noncoding SNPs at exon 3 were also detected: 2893A/G  
(74 K< K) and 2973C/T (101N < N). Genotypic frequencies of 
SNPs 2364A/G and 2933A/G in all groups and of SNP 4243C/T in 
whites and Afro-Brazilians were in agreement with that expected by 
Hardy-Weinberg equilibrium. However, the genotypic distribution 
of 4243C/T in Asians differed significantly from expected  
(p < 0.0297). The presence of a significant association between  
SNPs was estimated using a likelihood ratio test of linkage 
disequilibrium considering all of the samples from the control 
admixed and ethnic groups. A positive association was detected 
between all loci (exact p = 0.00000 ± 0.00000 in all analyses).

Genotype and allele distribution among ethnic groups 

To investigate the ethnic distribution of GzmB alleles, white, 
Afro-Brazilian, and Asian individuals were genotyped for the 
2364A/G, 2933C/G, and 4243C/T SNPs. Both allele and genotype 
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TABLE 1 - Allele and genotype distribution of SNPs 2364A/G, 2933C/G, and 
4243T/C from the granzyme B gene among Brazilian ethnic groups (whites, 
Afro-Brazilians, and Asians).

                  Ethnic groups

                                    White                Afro-Brazilian               Asian

SNPs n % n % n %

2364   

A 81 75.0 60 57.7 80 85.1

G 27 25.0 44 42.3a 14 14.9

AA 30 55.6 17 32.7 35 74.5

AG 21 38.9 26 50.0 10 21.3

GG 3 5.5 9 17.3b 2 4.2

pHW 1.00000 1.00000 0.19933

2933   

C 83 75.5 71 68.3 82 82.0

G 27 24.5 33 31.7 18 18.0

CC 31 56.4 25 48.1 34 68.0

CG 21 38.2 21 40.4 14 28.0

GG 3 5.4 6 11.5 2 4.0

pHW 1.00000 0.49819 0.60100

4243   

T 82 77.4 68 70.8 83 83.0

C 24 22.6 28 29.2 17 17.0

TT 33 62.3 25 52.1 37 74.0

TC 16 30.2 18 37.5 9 18.0

CC 4 7.5 5 10.4 4 8.0

pHW 0.42754 0.49837 0.02977
SNPs: single nucleotide polymorphisms; pHW: probability of adherence to the 
Hardy-Weinberg equilibrium exact test; ap = 0.0007 and bp < 0.0001 (Fisher exact test).

TABLE 2 - Frequencies of haplotypes identified in granzyme B gene in Brazilian 
ethnic groups (whites, Afro-Brazilians, and Asians).

                                         SNPs                   Ethnic groups

Haplotypes 2364 2933 4243 White Afro-Brazilian Asian

QPY A C T 0.73 0.53 0.79

RAH G G C 0.21 0.25 0.12

RAY G G T 0.04 0.05 0.02

QPH A C C 0.02 0.03 0.04

QAH A G C - 0.01 0.03

RPY G C T - 0.12 -
SNPs: single nucleotide polymorphisms.

frequencies were significantly higher among Afro-Brazilians to SNP 
2364A/G at exon 2 (p < 0.0001 and p = 0.0007, respectively). The 
2364G allele was present in 42.3% of the Afro-Brazilians, 25% of the 
whites, and 14.9% of the Asians (Table 1).

Allele and genotype frequencies of the polymorphisms 2933C/G 
and 4243C/T also were higher in Afro-Brazilians but without statistical 
significance. The frequency of 2933G allele in Afro-Brazilians was 31.7%, 
24.5% in whites, and 18% in Asians. The same trend was observed for 
4243T allele, found in higher frequency in Afro-Brazilians (29.2%), 
followed by whites (22.6%) and Asians (17%).

The number of heterozygous individuals for the three SNPs also 
was higher in Afro-Brazilians. The 2364AA, 2933CC, and 4243CC 
genotypes were more frequent in Asians (74.5%, 68%, and 74%, 
respectively), which appears to be the least polymorphic group.

Haplotype distribution among ethnic groups

The association of the polymorphisms gave origin to six 
haplotypes with a frequency of more than 1% among the ethnic 
groups. The haplotype RPH was found only in Afro-Brazilians in a 
frequency lower than 1%. The haplotypes QPY, QPH, RAY, and RAH 
were shared by whites, Afro-Brazilians, and Asians. The haplotype 
QAH was observed in Afro-Brazilians (1%) and Asians (3%), and the 
RPY haplotype occurred only in Afro-Brazilians individuals (12%).

The haplotype QPY was the most frequent in all groups (79%, 
73%, and 53% in the Asian, white, and Afro-Brazilian groups, 
respectively). The RAH allele was more frequent in the Afro-
Brazilians group (25%), followed by whites (21%) and Asians (12%). 
The frequency of the remaining haplotypes is presented in Table 2.

DISCUSSION

In contrast with the molecular and cellular findings, we notice 
that little progress has been achieved regarding the definition of the 
granzyme B functional significance in vivo, especially in humans. 
In mice, the granzyme B deficiency is associated with the extreme 
susceptibility to ectromelia poxvirus, which is worsened by granzyme 
A simultaneous deficiency5. Although a complete lack of perforin 
expression is associated with a deregulation and fatal insufficiency 
of the immune system in children with autosomal recessive disorder-
familial lymphohistiocytosis hemophagocytic6, the deficiency of 
granzyme B expression was not identified in this condition7. The 
description of one haplotype with three mutations in the granzyme 
B gene, whose product presents normal proteolytic activity, with 
reduced apoptotic capacity8, offers a unique opportunity to define 
the functions of granzyme B in human beings. These substitutions 
define a haplotype in which three amino acids Q48P88Y245 of the 
mature protein are altered to R48A88H245.

In our study, the research on the frequency of these polymorphisms 
was conducted in Brazilian population groups. The distribution of 
the SNPs genotypes evaluated was in agreement with that expected 
from the Hardy-Weinberg equilibrium, except for the polymorphism 
4243T/C in Asians. We could consider, from among the factors that 
interfere in this equilibrium, the gene flux resulting from migrations 
because such event inflates the diversity of the population and 
simultaneously leads to a 4243TT heterozygous deficiency, or it is 
possible that occurrence might have been merely casual. 

By analyzing 2364A/G SNP at exon 2, we verified that the 
allelic and the genotypic frequencies were significantly higher  
(p < 0.0001 and p = 0.0007, respectively) in Afro-Brazilian 
individuals but without any statistical significance.

Consequently, the frequency of haplotype RAH was higher in 
the Afro-Brazilian individuals (25%). In this group, we found the 
largest number of different haplotypes, which is in accordance with 
the results by McIlroy and collaborators8, who identified the RPY 
and RAY haplotypes only in West African individuals. In our study, 
we did not find RAY haplotype, and RPY and RPH haplotypes were 
found only in Afro-Brazilians, the last one presenting a frequency 
lower than 1%. A hypothesis for these findings is that RAH haplotype 
might have an African ancestor origin, in which multiple mutations 
transformed the sequence QPY in RPY and then in RAY and finally in 
RAH. However, it also may be possible that the haplotype RAH is the 
ancestor form and the QPY haplotype that present wider distribution 
appeared more recently; in this case, the H245Y mutation might 
have been the first to appear, followed by A88P and then by R48Q8.
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In our research, we identified QPY, QPH, QAH, RPY, RPH, 
RAY, and RAH haplotypes. The RPH haplotype, found only in Afro-
Brazilian individuals in a frequency of 0.005%, was not described in 
the studies of McIlroy and collaborators8, probably because they have 
only described the haplotypes with a frequency higher than 1%. In the 
same study, the authors investigated the presence of RAH haplotype 
in various ethnic groups and found an allelic frequency varying from 
25 to 30%. The wild QPY haplotype was found in a frequency of 54 
to 71%. Sun and collaborators found frequencies similar to the ones 
by McIlroy et al.8,9. We verified that the frequencies of RAH, RAY, 
and QPH haplotypes in ethnic groups did not differ significantly 
from the ones found in previous studies, but the frequency of wild 
QPY haplotype differed from McIlroy and collaborators’ findings, 
especially in relation to Asian individuals (79.3% vs. 65.7%, 
respectively), with p = 0.0294. The QAH haplotype had been found 
before in white, black, and Asian subjects8, but in our investigation, 
we did not find this haplotype in white individuals. However, the 
RPY haplotype had not been described in black and Asian subjects, 
and it was identified only in Afro-Brazilian individuals. 

The frequency of RAH haplotype among whites, blacks, and 
Asians was 20.7%, 24.7%, and 11.9%. According to McIlroy and 
collaborators8, this haplotype frequency was higher in Asians, 
whereas in our study, it was higher in Afro-Brazilians. This difference 
could be caused by the different origin of individuals included in 
the investigation. In our study, most Asian individuals came from 
Japan or China, and black individuals from our country have their 
origin in several countries from Sub-Saharan Africa18, whereas in the 
work previously cited, Asian individuals were Vietnamese and black 
individuals from West Africa. 

The importance of the research on this haplotype frequency 
was evidenced by the work that verified that RAH haplotype is 
incapable of inducing apoptosis in tumor cell lines8. According to 
this study, granzyme B is expressed in similar amounts in individuals 
who possess wild QPY haplotype and in those with RAH; however, 
the cells that presented RAH haplotype seemed to be incapable of 
inducing apoptosis in primary glioblastoma cell lines, at least for the 
first time interval. Moreover, the RAH haplotype was associated with 
a predisposition to develop breast cancer. People presenting genotype 
RAH/RAH were 16 times more likely to have breast cancer as 
compared with those with genotype QPY/QPY, and individuals with 
the wild-type QPY/QPY displayed higher cytotoxicity against tumor 
cell lines, in comparison to donors with the mutated type RAH/RAH19.

In conclusion, we verified in our ethnic groups that there was 
a higher allelic frequency of polymorphisms in Afro-Brazilian 
individuals, with a significantly higher frequency of SNP 2364A/G 
at exon 2 in this group compared with the others, besides presenting 
a larger number of different haplotypes. The frequency of wild QPY 
haplotype differed among our findings and the ones described in the 
literature, especially regarding Asian individuals. The RAH haplotype 
was more frequent in Afro-Brazilian individuals (25%), followed 
by the whites (20.7%) and then the Asians (11.9%), similar to the 
frequencies previously described. We believe that further studies 
should investigate this haplotype correlation with the prognosis and 
the response to treatment for diseases related to immunity mediated 
by CTLs and NK cells. Therefore, if this correlation is confirmed, 
novel strategies for treatment might be elaborated, aiming to help the 
individuals’ immune response in the defense against these diseases.
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