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Abstract

Background: Persistent infection with high-risk human papillomavirus (HPV) is a major risk factor for malignant
lesions and cervical cancer. A widely studied element in the search for genetic factors influencing risk HPV infection
diseases is allelic variation of the human leukocyte antigen (HLA) locus. The study was designed to search for HLA
susceptibility alleles contributing to the persistence of HPV infection in Mexican women.

Methods: A total of 172 subjects were divided into three groups: 1) HPV–persistent patients; 2) HPV–cleared; and 3)
HPV–reinfected patients. They were screened for HPV types using a polymerase chain reaction (PCR).
PCR-sequence specific oligonucleotide probes (PCR-SSOP) was used for HLA DRB1 and DQB1 typing.

Results: We observed that HLA-DQB1*0501 allele might be associated with susceptibility of reinfection with HPV
(p = 0.01, OR = 4.9, CI 95% = 1.3 -18.7). Allele frequency of HLA-DRB1*14 was particularly reduced in patients with
cancer when compared with the HPV–persistent group (p = 0.04), suggesting that this allele is a possible protective
factor for the development of cervical cancer (OR = 2.98). HLA-DRB1*07 might be associated with viral clearance
(p = 0.04).

Conclusions: Genetic markers for HPV infection susceptibility are different in each population, in Mexicans several
HLA-DQB1 alleles might be associated with an enhanced risk for viral persistence. In contrast, DRB1*14, seems to
confer protection against cervical cancer.
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Background
Infection by human papillomavirus (HPV) is a common
sexually transmitted infectious disease and most sexually
active women have been infected during their lifetime [1].
Persistent infection by oncogenic HPV is a risk factor for
developing cervical cancer (CC), but only a small number
of infected women develop precancerous lesions, and even
fewer develop invasive cancer. This indicates that other
risk factors, such as genetic predisposition, are also very
important. The most important protective immune
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mechanism for CC is the suppression or elimination of
HPV infection by the cell mediated immune response
(CMR) within 1–2 year of exposure [2]. A number of
genetic risk factors have been identified, but their effects
are generally weak. The most prominent among the
known risk factors is the human leukocyte antigen (HLA)
complex, which plays a critical role in susceptibility to CC
[3]. Since the first reported association of HLA-DQ3 with
CC [4], a large number of studies of HLA association with
CC have been published with variable results depending
on the ethnic group.
Affected sib-pair analyses in Swedish women, revealed

an excess sharing of DPB1, DQB1 and DRB1 alleles,
with the strongest evidence for DQB1 and DRB1 [5]. An
analysis of the entire HLA region using microsatellites,
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confirmed the association of DQ/DR genes with the
risk of developing CC [6]. An increased risk of CC was
also observed in homozygote carriers of the MICA
allele 184, suggesting a recessive effect of this locus [6].
DRB1*04:07-DQB1*03:02 and DRB1*15:01-DQB1*06:02
were clearly associated with susceptibility to HPV-16
positive invasive CC [7], high squamous intraepithelial
lesion (HSIL), and carcinoma in situ, but only in HPV-
16 infected patients [7]. DRB1*15–DQB1*06:02 haplo-
type was also found increased in CC and CC-HPV-16
positive Brazilian patients [8]. Part of the herein
authors published an association of, HLA-DQA1*03:01
in Honduran women [9], which is in linkage disequi-
librium with all HLA-DR4 subtypes in Mestizos, as an
increased risk of developing HSIL and CC. The DQB1*03
group, or some of DQ3 alleles, have been linked with CC
susceptibility in different European, Asian, and African-
American populations [7,10-13]. Some DR-DQ haplotypes
containing DQB1*03:01 allele have been positively asso-
ciated with CC susceptibility: DRB1*11:01-DQB1*03:01 in
Senegalese [14] and US white Europeans [15] and
DRB1*04:01-DQB1*03:01 in US white Europeans [15] and
British females [16]. DRB1*11:02-DQB1*03:01 was also
increased in Hispanics with carcinoma in situ or HSIL [7].
In contrast, there are studies in Canadian and Senegalese
women in which it was not possible to confirm an asso-
ciation between the DQB1*03 allele and the risk of CC or
high grade cervical intraepithelial neoplasia [14,17] and
some studies find a protective role of this allele against
HPV infections and CC [18-20].
Protection has been mainly linked with the HLA-

DRB1*13 group: DRB1*13:01 in patients from Costa Rica
[21], and DRB1*13:01-DQB1*06:03-DQA1*01:03 in Swedish
[22], French and Dutch women with CC [23]. A protective
effect against CC progression was also claimed to be
correlated with DQB1*05, DQA1*01:01/04, DRB1*01:01
and DRB1*13:02 in Brazilians [8]. In Caucasians,
HLA-DRB1*13 and HPV-16/18-negative status, were
independently associated with an increased probability
of regression of low squamous intraepithelial lesion
(LSIL), also suggesting a protective effect against CC
progression [24].
Several HLA and CC association studies have been

published in Mexican women. A significant increase of
HLA-A2 and HLA-DR5 and a significant decrease of
HLA-DR6, HLA-DR2 and HLA-DR1 were shown in
women with CC, using serological techniques [25]. The
DRB1*15-DQB1*06:02 haplotype was associated with
CC in HPV-16 positive females and several DR4-
DQB1*03:02 and DQB1*03:01 haplotypes were nega-
tively associated with CC. However, all alleles except for
those belonging to the DQB1 locus were performed at
the antigen level [26]. Finally, a recent report looking
for the correlation of HPV-16 and CC in Mexican
women, showed that DRB1*04:03 influences the risk
of developing HSIL, independently of HPV16 and
DRB1*01:01, it may confer protection against the
development of CC. The HLA-DRB1*04:07 allele was
increased in HPV16 positive patients, confirming that
the HLA association is HPV dependent [27].
The aim of the present study was to investigate if

HLA class II alleles are associated with persistence of
infection, independently of its progression to CC. We
observed that HLA-DQB1*0501 allele might be asso-
ciated with susceptibility of reinfection with HPV and
HLA-DRB1*14 seems to confer protection against CC.

Results and discussion
This study is part of an open population project to
investigate asymptomatic women with HPV infection in
2002 (ML Garza-Rodríguez and HA Barrera-Saldaña,
unpublished results). One of the main objectives of this
work was to do a follow up of these women to deter-
mine the possible role of HLA class II genes in the fate
of the viral infection. Although it is known that class I
genes are very important in the immune response
because of their involvement in antigen presentation of
viral peptides on the surface of immune system cells, it
is also known that the presentation of these peptides by
class II alleles play a crucial role in protection by CD4+
lymphocytes.
All patients included, were HPV positive at the begin-

ning of the investigation in 2002. The group (n = 172)
was divided into three subgroups during their follow-up
in 2005 as follows: 1) HPV-persistent (n = 21), com-
posed of women who had a persistent viral infection,
meaning infection with the same HPV-type as in 2002
during their second visit (2005); 2) HPV-cleared group
(n =138), formed by women who eliminated the viral
infection by their second visit, evidenced by negative
molecular detection; and 3) HPV-reinfected (n = 13),
that consisted of women who eliminated the infection
but subsequently acquired a new infection with a dif-
ferent HPV-type, evidenced by molecular detection in
the cervical sample in 2005. No patient had developed
CC by the second visit of the study.
The mean age of the 172 women included in the ana-

lyses was 40.3 years (SD ± 11.2 years). All were residents
of the city of Monterrey, capital of the state of Nuevo
Leon, but only 55.9% were born in the state. The
remaining 44.1% averaged 30.4 years (SD ± 11.9 years)
(40.2%) living there with most being natives from the
neighboring state of San Luis Potosí (Table 1). At the
second visit, 34 women (19.7%) were positive for HPV
infection of which eight (23.5%) harbored co-infection
with multiple HPV types. The analysis showed that
61.5% of infections were caused by high-risk HPV types
(HR-HPV), 30.8% by low-risk types (LR-HPV) and 7.7%



Table 1 Characteristics of the study population and most
prevalent HPV types

N %

Study group 172 100

Age

Monterrey as city of residence 172 100

Monterrey, N.L. as birth city 96 55.9

City of birth different from Monterrey 76 44.1

HPV positive at 2002 172 100

HPV positive for any type at 2005 34 19.7

HPV Co-infections 8 23.5

HR-HPV 61.5

LR-HPV 30.8

Unknown oncogenic risk type viruses 7.7

HPV positive at 2005 but with the same
type as in 2002*

21 12.2

HPV-cleared at 2002 138 80.2

Most prevalent HPV types Type %

−83 38.1

−62 23.8

−18 19

−39, 52, 61, 84 14.3 (each)

−16, 51, 53, 81 9.5 (each)

*Persistent infection.
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by unknown oncogenic risk type viruses (Table 1). The
most prevalent viral types were: HPV-83 (38.1%), HPV-62
(23.8%) and HPV-18 (19%), followed by HPV-39, -52, -61
and −84 (14.3% each) and for HPV-16, -51, 53 and 81
(9.5% each). Only 21 patients (12.2%) remained infected
with the same viral type (persistent infection), compared
with the results of the first visit in 2002 (Table 1).
Patients in the viral persistence group were consi-

dered cases to be contrasted against the other two
groups (HPV-cleared and HPV-reinfected), as well as
against a group of healthy Mexican women with a nor-
mal Papanicolaou smear (considered healthy individual
controls, n = 88) described elsewhere [27], and against a
group of Mexican women with CC (considered disease
controls, n = 104) described elsewhere as well [26] (both
were considered external controls). Since viral persis-
tence has been directly associated with the development
of premalignant lesions and CC, in order to search for
possible associations of alleles with susceptibility or
resistance to viral persistence and CC, we decided to
compare our three study groups with the previously
mentioned external control groups [26,27].

HLA-DQB1 alleles
HLA class II gene DQB1 genotyping analysis was
conducted in all 172 at the high resolution level. All
alleles were in Hardy-Weinberg equilibrium. The most
prevalent alleles were DQB1*03:02 [gene frequency
(g.f.) = 0.235], DQB1*03:01 (g.f. 0.218), DQB1*04:02
(g.f. 0.154), DQB1*02:01 (g.f. 0.122) and DQB1*05:01
(g.f. 0.078) (Table 2). When comparing the g.f. of alleles
found in the HPV-reinfected group against those of the
HPV-cleared group, we found that DQB1*05:01 was
associated with susceptibility to reinfection (p = 0.01,
OR = 4.9, CI 95% = 1.3 -18.7) (data not shown). No other
significant associations were observed; it was not pos-
sible to confirm the protective effect against progression
of the disease observed in Brazilians [8].

HLA-DRB1 alleles
For the analysis of the HLA-DRB1 locus, 95 patients
were included. We also divided these patients into the
three categories described above: 1) HPV-persistent
group, n = 21; 2) HPV-cleared, n = 61; and 3) HPV-
reinfected, n = 13. We calculated the number of subjects
required in the comparison group (HPV-cleared group)
to corroborate the presence of a significant difference;
this calculation indicated that a 1:3 ratio would be suffi-
cient for most comparisons. Base on this, and taking
into consideration the high cost to genotype HLA genes,
we decided to study 61 subjects in the HPV-cleared
group. These subjects were randomly selected from the
original group (n = 138).
The five alleles more frequently found in the HPV-

persistent group were: HLA-DRB1*04 (g.f. = 0.262),
DRB1*14 (g.f. = 0.143), DRB1*08 (g.f. = 0.119), DRB1*01
(g.f. = 0.095) and DRB1*11 (g.f. = 0.095). For the HPV-
cleared patients the most frequent alleles were HLA-
DRB1*04, DRB1*08, DRB1*07, DRB1*14 and DRB1*11,
with a g.f. of 0.262, 0.180, 0.107, 0.082 and 0.074,
respectively. The most common alleles found in the
HPV-reinfected group was HLA-DRB1*08, followed by
DRB1*07, DRB1*14, DRB1*01 and DRB1*03. All the g.f.
described above and those of the remaining studied
alleles found in the three groups and in the external
control groups, are shown in Table 3.
The results for the healthy individual external control

group [27], and those for the external disease control
group [26], respectively, are described in the first and
last columns of Table 3. The most frequent alleles of
the former group were HLA-DRB1*04, DRB1*08 and
DRB1*14 with the first two being also the most frequent
in the latter group.
DRB1*04 was found decreased in patients in the

HPV-reinfected group (Table 4) and this difference
was statistically significant when compared with the
patients in the HPV-persistent group (p = 0.02, OR = 8.8,
CI 95% = 1.0-196; Table 4) but no significant difference
was found in comparisons made against the rest of the
groups (data not shown). However, the DRB1*04 allele



Table 2 DQB1 allele gene frequencies (g.f.) in the studied
groups

HPV-Persistent HPV-cleared HPV-reinfected Total

N* = 42 N* = 276 N* = 26 N = 344

DQB1 n g.f. n g.f. n g.f. n g.f.

03:02 9 0.214 70 0.254 2 0.077 81 0.235

03:01 11 0.262 59 0.214 5 0.192 75 0.218

04:02 6 0.143 44 0.159 3 0.115 53 0.154

02:01 3 0.071 34 0.123 5 0.192 42 0.122

05:01 6 0.143 15 0.054 6 0.231 27 0.078

06:09 1 0.024 2 0.007 0 0.000 3 0.071

06:02 1 0.024 15 0.054 1 0.038 17 0.049

05:03 1 0.024 7 0.025 1 0.038 9 0.026

06:04 0 0.000 8 0.029 0 0.000 8 0.023

06:03 1 0.024 5 0.018 1 0.038 7 0.020

03:03 1 0.024 3 0.011 1 0.038 5 0.015

05:02 0 0.000 4 0.014 1 0.038 5 0.015

06:01 0 0.000 4 0.014 0 0.000 4 0.012

03:16 1 0.024 1 0.004 0 0.000 2 0.006

03:04 0 0.000 2 0.007 0 0.000 2 0.006

03:12 1 0.024 0 0.000 0 0.000 1 0.003

06:22 0 0.000 1 0.004 0 0.000 1 0.003

06:14 0 0.000 1 0.004 0 0.000 1 0.003

03:05 0 0.000 1 0.004 0 0.000 1 0.003

*N = number of alleles (n × 2).

Table 3 DRB1 allele gene frequencies (g.f.) in the studied gro

Healthy individuals26 HPV-Persistent HP

N* = 176 N* = 42 N*

DRB1 n g.f. n g.f. n

04 49 0.278 11 0.262 32

08 29 0.164 5 0.119 22

07 7 0.039 2 0.048 13

14 16 0.090 6 0.143 10

11 11 0.062 4 0.095 9

15 13 0.073 1 0.024 5

03 9 0.051 1 0.024 8

01 15 0.085 4 0.095 7

13 13 0.073 3 0.071 9

16 9 0.051 2 0.048 5

09 2 0.011 1 0.024 1

12 2 0.011 0 0.000 1

10 1 0.005 2 0.048 0

*N = number of alleles (n × 2).
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has been associated with susceptibility to HSIL and CC
development in different Caucasian and Mexicans pa-
tients [27-29]. This finding suggests that the absence of
DRB1*04 is probably associated with an increased risk
of reinfection by different HPV genotypes. Although it
is difficult to draw this conclusion because the small
number of patients carrying the allele in the HPV-
reinfected group (only one, Table 3).
On the other hand, when comparing the HPV-cleared

group against the external healthy individuals group
[27] in order to explore the role of the HLA gene in
viral clearance, an increase in the g.f. of the DRB1*07
was observed in the former group (p = 0.04, OR = 2.88,
CI 95% = 1.03 – 8.3; Table 4). We also found the same
increase in the OR for that allele when pooling the three
groups (HPV-persistent + HPV-cleared +HPV-reinfected)
and comparing them against the external healthy indivi-
duals group (p = 0.04, OR = 2.7, CI 95% = 1.03-7.2; Table 4).
The three groups that were pooled for this analysis have
in common the fact that all patients were infected with
HPV and this was proved with the results of the 2002
genotyping results. Thus, the results suggest a probable
association between this allele and the risk of being
infected with HPV at some time in life. However, when we
analyzed the HPV-cleared group and the HPV-reinfected
group together (HPV-cleared +HPV-reinfected) and com-
pared them against a group formed by the HPV-persistent
group and cervical cancer external group (given that sub-
jects in the cervical cancer group must have had an HPV
persistent infection for cervical cancer development) a
protective role of this allele against viral persistence was
found (p = 0.03, OR = 0.42, IC 95% = 0.19-0.89; Table 4).
ups

V-cleared HPV-reinfected Cervical cancer25

= 122 N* = 26 N* = 208

g.f. n g.f. n g.f.

0.262 1 0.038 63 0.3029

0.180 4 0.154 41 0.1971

0.107 4 0.154 11 0.0529

0.082 3 0.115 11 0.0529

0.074 2 0.077 8 0.0385

0.041 1 0.038 12 0.0577

0.066 3 0.115 13 0.0625

0.057 3 0.115 12 0.0577

0.074 1 0.038 16 0.0769

0.041 1 0.038 13 0.0625

0.008 0 0.000 0 0.0000

0.008 1 0.038 1 0.0048

0.000 2 0.077 7 0.0336



Table 4 Odds ratio of the HLA-DRB1 alleles found associated in the studied groups

Control group Case group Class II allele p value, OR and CI 95%

HPV-reinfected HPV-persistent DRB1*04 0.02, OR 8.8 (1.0 -196)

Healthy individuals HPV-cleared DRB1*07 0.04, OR 2.8 (1.03 -8.3)

Healthy individuals HPV-persistent + reinfected + cleared DRB1*07 0.04, OR 2.7 (1.03 -7.2)

HPV-cleared HPV-persistent + cervical cancer DRB1*07 0.05, OR 0.45 (0.20-1.02) n.s.

HPV-cleared + HPV-reinfected HPV-persistent + cervical cancer DRB1*07 0.03, OR 0.42 (0.19-0.89)

Healthy individuals HPV-persistent + cervical cancer DRB1*07 0.01, OR 0.31 (0.12-0.79)

Healthy individuals HPV-persistent + reinfected DRB1*10 0.03, OR 10.9 (1.12 -261)

Healthy individuals HPV-reinfected DRB1*10 0.04, OR 14.5 (1.27-167)

Healthy individuals HPV-persistent + cervical cancer DRB1*10 0.05, OR 6.53 (0.82-52) n.s.

Cervical cancer HPV-persistent DRB1*14 0.07, OR 0.34 (0.11 -1.09) n.s.

n.s. No significant.
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So, it was thought that what was seen was the protective
role of this allele against viral persistence but the asso-
ciation with risk of being infected in some point of the life.
To verify the protector role of this allele against a per-
sistent infection, an analysis comparing the healthy
individuals group against viral persistence group (HPV-
persistent + Cervical cancer groups) was conducted. With
this analysis it was possible to confirm (p = 0.01,
OR = 0.31, IC 95% = 0.12-0.79) the results about the pro-
tective role of DRB1*07 allele. This suggests that the
DRB1*07 allele may protect against viral persistence and
consequently, individuals carrying this allele, efficiently
eliminate HPV infection. It is important to mention and
take into account that the present study is an exploratory
work which should be confirmed in a larger number of
samples.
Comparing the g.f. of alleles found by grouping the

HPV-persistent and the HPV-reinfected groups and
comparing them against the external healthy individuals
group [27] an elevated OR value for the DRB1*10 allele
(p = 0.03, OR 10.9, CI 95% = 1.12 to 261,) was detected
(Table 4). The elevated value of the OR for the DRB1*10
allele (Table 4), showed a possible association between
this allele and the risk of being infected with HPV at
some point in life. There are no reports on the asso-
ciation of this allele with CC or HPV infection. The only
reports found in the literature are about its association
with diseases such as tuberculosis and rheumatoid
arthritis in others populations [30,31]. No association
was found when the three groups were pooled (HPV-
persistent + reinfected + cleared) and compared against
the healthy individuals group (data not shown). It was
not possible to make comparisons using the HPV-
cleared group alone, because there was not any patient
with DRB1*10 allele expression in that group. The only
association found for this allele was when the HPV-
reinfected group was compared against the healthy indi-
viduals group (p = 0.04, OR = 14.5, IC 95% = 1.27-167).
Nonetheless, the clinical relevance of this finding about
the possible role of this allele in protection against an
HPV infection needs to be explore with a higher num-
ber of patients since the gene frequency of this allele
was low in the study population and no patient in the
HPV-cleared group was carrying the DRB1*10 allele
(Table 3).
Interestingly, the DRB1*14 allele showed a decreased

OR value of 0.34 (CI 95% = 0.11 to 1.09), when the latter
two groups were compared (Table 4). HLA-DRB1*14
allele is possibly associated with protection for deve-
loping CC in patients with viral persistence. This is the
first report of the protective role of this allele against CC
in Mexican women. In a previous similar study from our
population [26], it was found that particularly the
DRB1*15 allele was associated with a risk for CC and
no allele was associated with protection. These same
authors did not find any significant result for the
DRB1*14 allele. However, their study design was diffe-
rent from that of the present work. Indeed, while the
present study focused on HPV infection and persis-
tence in a cohort followed for three years, in the
referred study, the authors focused on confirmed cases
of CC. Therefore, it agrees with our finding of an asso-
ciation between the DRB1*14 allele and a low risk of
developing CC in women with viral persistence. In an-
other relevant study, Brazilian women from Sao Paulo,
with persistent HPV-infection, showed an association
between HLA class II alleles and natural history of CC
[8]. Some of the immunogenic peptides presented by
class I alleles could be part of larger peptides that are
presented through class II alleles. This could be the
case for the DRB1*14 allele that when presenting
certain peptides may help in preventing persistent
infections from evolving to CC.
Although the number of patients in the groups was

too low to allow any statistical comparisons between the
different haplotypes and genotypes formed with the
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DRB1*14, DRB1*04, DRB1*07 and DRB1*03 alleles, it is
possible that other variants of the HLA-DR gene could
be contributing risk to viral persistence as haplotypes
and even as genotypes. This data could be strengthened
by the characterization of allelic subtypes (which until
2010, more than 90 molecular variants have been
described). Likewise, the genotype for the patient in the
HPV-reinfected group carrying the DRB1*04 allele
(Table 3) is DRB1*04/DRB1*08 (data not shown) and a
comparison was made with the HPV-persistent group, in
which no patient was positive for the genotype pre-
viously mentioned (data not shown), although five
patients have the DRB1*04 allele in this group (Table 3,
HPV-persistent group, n =11, g.f. = 0.262) (OR = 18, CI
95% = 0.5 to 3.6) (data not shown). The information
above suggest that these individuals probably clear the
viral infection in an efficiently manner. This similarly
could be the case for the genotypes of the DRB1*07 al-
lele, having found two patients carrying this allele in the
HPV-persistent group under the genotypes DRB1*07/
DRB1*14 and DRB1*07/DRB1*01 (data not shown). This
other finding is interesting because in the HPV-cleared
group, eleven alleles were DRB1*07 and none were part
of the mentioned genotypes. These data support the
notion that DRB1*07 positive individuals are good
fighters of viral infection.
The protective role of the DQB1*03:01 allele has been

described in other populations [18-20]. Our study did
not confirm this association. Nevertheless, it is known
that in Mexicans there is a strong linkage disequilibrium
between this allele and the HLA-DRB1*04 allele [32].
Interestingly, in our study the aforementioned allele was
associated with a lower probability of evolving to CC.
Therefore, we consider it important to conduct an
extensive analysis of both class II genes to discern what
precise role they play in the presentation of peptides by
DRB1*04.
We attempted to make a comparison of haplotypes

and genotypes among groups in order to check if DQB1
alleles in the haplotypes were different, but the number
of patients was too low.

Conclusions
Our study suggests that it is necessary to identify genetic
markers of HPV infection susceptibility for each popu-
lation, since the distribution differs in distinct ethnic
groups. It also supports the notion that women who do
not adequately present the viral antigens, may require
comprehensive vaccination, while those with certain
protective alleles might require a different preventive
approach. Such is the case of women positive for
DRB1*14 or DRB1*07. It is evident that to adopt effec-
tive preventive approaches, it is be extremely helpful to
take into account the immunogenetic profile of the
population at risk, which in turn will be important given
the variation in the magnitude of CC risk in each unique
ethnic group.

Methods
Patients
The patients included in this study were recruited from
a group of 600 HPV infected women. Detection was
done using a polymerase chain reaction (PCR) in a
prevalence study that included a total of 3,082 women
in 2002 (ML Garza-Rodríguez and HA Barrera-Saldaña,
unpublished results). In total, 188 patients were re-
cruited during 2005–2006. Sixteen were excluded be-
cause of insufficient sample or due to pregnancy; thus,
172 women were included. The sample was divided into
three groups: 1) HPV-persistent group: patients with
the same HPV-type as in 2002 (n = 21); 2) HPV-cleared
group: patients that cleared their HPV infection
(n = 138); 3) HPV-reinfected group: patients with subse-
quent infections by an HPV-type different than that of
2002 (n = 13). Participants were fully informed of the
aim of the research project through informative ses-
sions. This study was a case–control analysis and all
patients read and signed an informed consent. The
protocol was approved by the Research and Ethics
Committee of all participant Institutions and have been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments.

Cervical sampling and HPV detection
Cervical scrapes for HPV testing were taken using a
cervical brush (Colpotre® Chico, CA) and collected in li-
quid cytology medium. HPV detection was performed
by PCR amplification performed with the PGMY 09/11
primers system, followed by viral type discrimination
using reverse line blot (Roche Molecular Diagnostics,
Inc., Alameda, CA). PCR was carried out according pre-
vious methods [33,34]. HPV typing was performed by
reverse hybridization of the PCR product to oligonucleo-
tide probes for 37 HPV genotypes attached to a nylon
strip using colorimetric identification. Interpretation was
done according to the manufacturer’s insert.

HLA-DQB1 genotyping
Polymorphic variants within the second exon of DQB1
were detected by a reverse Dot-blot technique with the
INNO-Lipa HLA typing kits (Innogenetics, Inc., Gent,
Belgium). The interpretation was done using software
provided by the manufacturer.

HLA-DRB1 genotyping
The HLA-DRB1 alleles were detected with a PCR-
Luminex typing method using the Lifecodes HLA-SSO
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class II typing kit (Tepnel-Gen-Probe Transplant
Diagnostics, Inc., Stamford, CT). DNA was PCR amp-
lified with biotinylated primers and the PCR products
were denatured and hybridized to the complementary
oligonucleotide probes attached to the microspheres
designed for the Luminex Instrument. The Luminex
Instrument is able to quantify the relative amounts of
labeled PCR product hybridizing to each Luminex
microsphere and types the probes as having positive
or negative reactivity with the amplified DNA sample.
Genotype determination and data analysis were per-
formed automatically, using the software provided
with the kit.

Statistical analyses
The observed genotype frequencies in the controls were
tested for Hardy-Weinberg equilibrium. The HLA
frequencies of DRB1 and DQB1 alleles were compared
between the groups using the two-sided Fisher exact test
with 2 × 2 contingency tables or, where appropriate, by
the χ2 test with Mantel-Haenszel correction; the p values
of < 0.05 were considered significant. The Bonferroni
correction for multiple tests was not required. Haldane’s
odds ratios (OR) within the 95% confidence interval (CI)
were calculated.

Abbreviations
HPV: Human papillomavirus; CC: Cervical cancer; PCR: Polymerase chain
reaction; PCR-SSOP: Sequence specific oligonucleotide probes PCR; CMR: Cell
mediated immune response; HLA: Human leukocyte antigen; HSIL: High
squamous intraepithelial lesion; LSIL: Low squamous intraepithelial lesion;
HR-HPV: High-risk HPV types; LR-HPV: Low-risk types; g.f: Gene frequency;
OR: Odds ratios; CI: Confidence interval.

Competing interests
There are no financial competing interests (political, personal, religious,
ideological, academic, intellectual, commercial or any other) to declare in
relation to this manuscript.

Authors’ contributions
Conception and design of experiments: BSHA. Experiments were performed
by: BSS. Data analysis: BSS, AC, GC, FAH, CFRM, GJ. Contributed reagents/
materials/analysis tools: BSHA, VChLD, GGJF, MCJ, GGG, CFRM, GJ. Drafted the
paper: BSS, GJ, GC, BSHA. All authors read and approved the final manuscript.

Acknowledgments
The authors thank Dr. Jesús Z. Villarreal Pérez for his help in the recruitment
of patients from the Nuevo Leon State’s Health System and Drs. Rocío Ortíz
López and Lourdes Garza Rodríguez for sharing their unpublished data from
the 2002 study patients. We also thank Dr. Roberto González Amaro his
valuable criticisms and Dr. Sergio Lozano Rodríguez for critical reading of the
manuscript.

Author details
1Department of Biochemistry and Molecular Medicine, School of Medicine,
Universidad Autonoma de Nuevo Leon, Av. Madero ote. s/n esq. Eduardo
Aguirre Pequeño, Col. Mitras Centro, CP 64460, Monterrey, Nuevo Leon,
Mexico. 2Department of Transplantation. Instituto Nacional de Ciencias
Medicas y Nutricion Salvador Zubirán, Tlalpan, D.F., Mexico. 3Department of
Immunology & Immunogenetics. Instituto de Diagnostico y Referencia
Epidemiologicos. Secretary of Health, Tlalpan, D.F, Mexico. 4School of Nursery,
Universidad Autonoma de Nuevo Leon, Eduardo Aguirre Pequeño s/n, Col.
Mitras Centro, Monterrey, Nuevo Leon CP 64460, Mexico. 5Department of
Gynecology and Obstetrics, Hospital Universitario. Universidad Autonoma de
Nuevo Leon, Av. Gonzalitos s/n, Col Mitras Centro, Monterrey, Nuevo Leon
CP 64460, Mexico. 6Centro Universitario Contra el Cancer, Universidad
Autonoma de Nuevo Leon, Av. Gonzalitos s/n, Col Mitras Centro, Monterrey,
Nuevo Leon CP 64460, Mexico. 7Department of Cytology, Centro
Universitario de Salud, Universidad Autonoma de Nuevo Leon, Av. Gonzalitos
s/n, Col Mitras Centro, Monterrey, Nuevo Leon CP 64460, Mexico.

Received: 9 January 2013 Accepted: 19 August 2013
Published: 30 August 2013
References
1. Baseman JG, Koutsky LA: The epidemiology of human papillomavirus

infections. J Clin Virol 2005, 32(Suppl 1):S16–S24.
2. Stanley M: Immune responses to human papillomavirus. Vaccine 2006,

24(Suppl 1):S16–S22.
3. Peng S, Trimble C, Wu L, Pardoll D, Roden R, Hung CF, Wu TC:

HLA-DQB1*02-restricted HPV-16 E7 peptide-specific CD4+ T-cell immune
responses correlate with regression of HPV-16-associated high-grade
squamous intraepithelial lesions. Clin Cancer Res 2007, 13(8):2479–2487.

4. Wank R, Thomssen C: High risk of squamous cell carcinoma of the cervix
for women with HLA-DQw3. Nature 1991, 352(6337):723–725.

5. Engelmark M, Beskow A, Magnusson J, Erlich H, Gyllensten U: Affected
sib-pair analysis of the contribution of HLA class I and class II loci to
development of cervical cancer. Hum Mol Genet 2004, 13(17):1951–1958.

6. Zoodsma M, Nolte IM, Schipper M, Oosterom E, van der Steege G,
de Vries EG, te Meerman GJ, van der Zee AG: Analysis of the entire HLA
region in susceptibility for cervical cancer: a comprehensive study.
J Med Genet 2005, 42(8):e49.

7. Apple RJ, Becker TM, Wheeler CM, Erlich HA: Comparison of human
leukocyte antigen DR-DQ disease associations found with cervical
dysplasia and invasive cervical carcinoma. J Natl Cancer Inst 1995,
87(6):427–436.

8. Maciag PC, Schlecht NF, Souza PS, Franco EL, Villa LL, Petzl-Erler ML: Major
histocompatibility complex class II polymorphisms and risk of cervical
cancer and human papillomavirus infection in Brazilian women.
Cancer Epidemiol Biomarkers Prev 2000, 9(11):1183–1191.

9. Ferrera A, Olivo A, Alaez C, Melchers WJ, Gorodezky C: HLA DOA1 and
DOB1 loci in Honduran women with cervical dysplasia and invasive
cervical carcinoma and their relationship to human papillomavirus
infection. Hum Biol 1999, 71(3):367–379.

10. Gregoire L, Lawrence WD, Kukuruga D, Eisenbrey AB, Lancaster WD:
Association between HLA-DQB1 alleles and risk for cervical cancer in
African-American women. Int J Cancer 1994, 57(4):504–507.

11. Nawa A, Nishiyama Y, Kobayashi T, Wakahara Y, Okamoto T, Kikkawa F,
Suganuma N, Goto S, Kuzuya K, Tomoda Y: Association of human
leukocyte antigen-B1*03 with cervical cancer in Japanese women aged
35 years and younger. Cancer 1995, 75(2):518–521.

12. Beskow AH, Josefsson AM, Gyllensten UB: HLA class II alleles associated
with infection by HPV16 in cervical cancer in situ. Int J Cancer 2001,
93(6):817–822.

13. Ghaderi M, Wallin KL, Wiklund F, Zake LN, Hallmans G, Lenner P, Dillner J,
Sanjeevi CB: Risk of invasive cervical cancer associated with polymorphic
HLA DR/DQ haplotypes. Int J Cancer 2002, 100(6):698–701.

14. Lin P, Koutsky LA, Critchlow CW, Apple RJ, Hawes SE, Hughes JP, Touré P,
Dembele A, Kiviat NB: HLA class II DR-DQ and increased risk of cervical
cancer among Senegalese women. Cancer Epidemiol Biomarkers Prev 2001,
10(10):1037–1045.

15. Madeleine MM, Brumback B, Cushing-Haugen KL, Schwartz SM,
Daling JR, Smith AG, Nelson JL, Porter P, Shera KA, McDougall JK,
Galloway DA: Human leukocyte antigen class II and cervical cancer risk:
a population-based study. J Infect Dis 2002, 186(11):1565–1574.

16. Cuzick J, Terry G, Ho L, Monaghan J, Lopes A, Clarkson P, Duncan I:
Association between high-risk HPV types, HLA DRB1* and DQB1* alleles
and cervical cancer in British women. Br J Cancer 2000, 82(7):1348–1352.

17. Ades S, Koushik A, Duarte-Franco E, Mansour N, Arseneau J, Provencher D,
Gilbert L, Gotlieb W, Ferenczy A, Coutlée F, Roger M, Franco EL: Biomarkers
of Cervical Cancer Risk (BCCR) Study Team: selected class I and class II
HLA alleles and haplotypes and risk of high-grade cervical intraepithelial
neoplasia. Int J Cancer 2008, 122(12):2820–2826.



Bernal-Silva et al. Infectious Agents and Cancer 2013, 8:31 Page 8 of 8
http://www.infectagentscancer.com/content/8/1/31
18. Chan PK, Cheung JL, Cheung TH, Lin CK, Siu SS, Yu MM, Tang JW, Lo KW,
Yim SF, Wong YF, To KF, Ng HK, Chung TK: HLA-DQB1 polymorphisms and
risk for cervical cancer: a case–control study in a southern Chinese
population. Gynecol Oncol 2007, 105(3):736–741.

19. Mahmud SM, Robinson K, Richardson H, Tellier PP, Ferencsy AS, Roger M,
Coutlee F, Franco EL: HLA polymorphisms and cervical human
Papillomavirus infection in a cohort of Montreal University students.
J Infect Dis 2007, 196(1):82–90.

20. Guzalinuer A, Mihrinsa A, Zhang SQ, Li H, Gulishare N, Zhang GQ:
Association between HPV infection and HLA-DQB1 alleles polymorphism
in the cervical carcinogenesis in Uyghur women in southern Xinjiang.
Zhonghua Shong Liu Za Zhi 2010, 32(7):492–496.

21. Wang SS, Wheeler CM, Hildesheim A, Schiffman M, Herrero R, Bratti MC,
Sherman ME, Alfaro M, Hutchinson ML, Morales J, Lorincz A, Burk RD,
Carrington M, Erlich HA, Apple RJ: Human leukocyte antigen class I and II
alleles and risk of cervical neoplasia: results from a population-based
study in Costa Rica. J Infect Dis 2001, 184(10):1310–1314.

22. Sanjeevi CB, Hjelmström P, Hallmans G, Wiklund F, Lenner P, Angström T,
Dillner J, Lernmark A: Different HLA-DR-DQ haplotypes are associated
with cervical intraepitelial neoplasia among human papillomavirus
type-16 seropositive and seronegative Swedish women. Int J Cancer
1996, 68(4):409–414.

23. Krul EJ, Schipper RF, Schreuder GM, Fleuren GJ, Kenter GG, Melief CJ: HLA
and susceptibility to cervical neoplasia. Hum Immunol 1999, 60:337–342.

24. Hildesheim A, Wang SS: Host and viral genetics and risk of cervical
cancer: a review. Virus Res 2002, 89(2):229–240.

25. Silva B, Vargas-Alarcón G, Zúñiga-Ramos J, Rodríguez-Reyna TS,
Hernández-Martinez B, Osnaya N, Kofman S, Torres-Lobatón A, Granados J:
Genetics features of Mexican women predisposing to cáncer of the
uterine cérvix. Hum Pathol 1999, 30(6):626–628.

26. Hernández-Hernández DM, Cerda-Flores RM, Juárez-Cedillo T,
Granados-Arriola J, Vargas-Alarcón G, Apresa-García T, Alvarado-Cabrero I,
García-Carrancá A, Salcedo-Vargas M, Mohar-Betancourt A: Human
leukocyte antigens I and II haplotypes associated with human
papillomavirus 16-positive invasive cervical cancer in Mexican women.
Int J Gynecol Cancer 2009, 19(6):1099–1106.

27. Alaez-Verson C, Berumen-Campos J, Munguía-Saldaña A, Flores-Aguilar H,
Guardado-Estrada M, Rodríguez-Gomez A, Gorodezky-Lauferman C: HPV-16
and HLA-DRB1 alleles are associated with cervical carcinoma in Mexican
Mestizo women. Arch Med Res 2011, 42(5):421–425.

28. Yang YC, Chang TY, Lee YJ, Su TH, Dang CW, Wu CC, Liu HF, Chu CC, Lin M:
HLA-DRB1 alleles and cervical squamous cell carcinoma: experimental
study and meta-analysis. Hum Immunol 2006, 67(4–5):331–340.

29. Odunsi K, Terry G, Ho L, Bell J, Cuzick J, Ganesan TS: Susceptibility to
human papillomavirus-associated cervical intra-epithelial neoplasia is
determined by specific HLA DR-DQ alleles. Int J Cancer 1996,
67(5):595–602.

30. Selvaraj P, Nisha Rajeswari D, Jawahar MS, Narayanan PR: Influence of
HLA-DRB1 alleles on Th1 and Th2 cytokine response to Mycobacterium
tuberculosis antigens in pulmonary tuberculosis. Tuberculosis 2007,
87(6):544–550.

31. Ben Hamad M, Mahfoudh N, Marzouk S, Kammoun A, Gaddour L, Hakim F,
Fakhfakh F, Bahloul Z, Makni H, Maalej A: Association study of human
leukocyte antigen-DRB1 alleles with rheumatoid arthritis in south
Tunisian patients. Clin Rheumatol 2012, 31(6):937–942.

32. Vargas-Alarcón G, Granados J, Rodríguez-Pérez JM, Parga C,
Pérez-Hernández N, Rey D, Zuñiga J, Arnaiz-Villena A: Distribution of HLA
class II alleles and haplotypes in Mexican Mestizo population:
comparison with other populations. Immunol Invest 2010, 39(3):268–283.

33. de Roda Husman AM, Walboomers JM, van den Brule AJ, Meijer CJ,
Snijders PJ: The use of general primers GP5 and GP6 elongated at their
3’ ends with adjacent highly conserved sequences improves human
papillomavirus detection by PCR. J Gen Virol 1995, 76(Pt 4):1057–1062.

34. van den Brule AJ, Pol R, Fransen-Daalmeijer N, Schouls LM, Meijer CJ,
Snijders PJ: GP5+/6+ PCR followed by reverse line blot analysis enables
rapid and high-throughput identification of human papillomavirus
genotypes. J Clin Microbiol 2002, 40(3):779–787.

doi:10.1186/1750-9378-8-31
Cite this article as: Bernal-Silva et al.: HLA-DRB1 Class II antigen level
alleles are associated with persistent HPV infection in Mexican women;
a pilot study. Infectious Agents and Cancer 2013 8:31.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results and discussion
	HLA-DQB1 alleles
	HLA-DRB1 alleles

	Conclusions
	Methods
	Patients
	Cervical sampling and HPV detection
	HLA-DQB1 genotyping
	HLA-DRB1 genotyping
	Statistical analyses
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


