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HUMAN LEUKOCYTE ANTIGEN FREQUENCY IN
HUMAN HIGH-GRADE GLIOMAS: A CASE-CONTROL
STUDY IN SICILY
OBJECTIVE: Human leukocyte antigens (HLAs) are widely expressed cell surface molecules that present antigenic peptides to T lymphocytes and modulate immune response
against inflammatory and malignant diseases. The aim of this study was to compare
HLA distribution in patients with newly diagnosed high-grade gliomas (HGGs) and 2
control groups from a restricted geographic area (eastern Sicily).
METHODS: HLA allele frequency, as determined from peripheral blood of 56 adult
patients with HGGs, was compared with that of 2 different control groups: 140 healthy
bone marrow donors (group A) and 69 virtually brain tumor–free patients (group B).
HLA expression was evaluated using a reverse transcriptase polymerase chain reaction–sequence-specific oligonucleotide probe.
RESULTS: There was significant expression of HLA-A*11 in patients with HGGs compared
with control groups A and B (P  0.003 and P  0.018, respectively). Significant expression of HLA genotypes in patients with HGGs was also identified for HLA-DQB1*06 (P 
0.005), HLA-DRB1*14 (P  0.001), and HLA-DRB3*01 (P  0.007) compared with control group B. In HGG patients, there was statistically significantly decreased expression, compared with control groups A and B, of HLA-B*07 (P  0.002 and P  0.03, respectively)
and HLA-C*04 (P  0.007 and P  0.016, respectively). There was statistically significant
lower expression of HLA-C*05 in the HGG group compared with group B (P  0.03).
CONCLUSION: This is the first study to describe the frequency of distribution of HLAs
in a population from a restricted geographic area. The findings suggest a possible correlation between HLA allele distribution and the occurrence of newly diagnosed malignant astroglial brain tumors.
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H

igh-grade gliomas (HGGs) are the most
common intrinsic brain tumors in
adults. Their prognosis is usually poor,
with a low survival rate despite surgery combined with multimodal adjuvant treatments.
Although the cause of these tumors is multifactorial, it has been suggested that genetic factors may play a significant role in their pathogenesis (3, 9, 11, 29, 32). To date, few data exist
in literature on this area of research.
Human leukocyte antigens (HLAs) are widely
expressed cell surface molecules that present
ABBREVIATIONS: CI, confidence interval; HGG,
high-grade glioma; HLA, human leukocyte antigen; LiPA, line probe assay; MHC, major histocompatibility complex; OR, odds ratio
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antigenic peptides to T lymphocytes and modulate immune response to inflammatory and
malignant diseases. In humans, HLA expression
is controlled by major histocompatibility complex (MHC) genes (locus HLA) encoding for
HLA class I (HLA-A, -B, and -C) and are located
on chromosome 6, usually expressed in almost
all mammalian cells. HLA class II gene (HLADRB and HLA-DQB1) expression is inducible
and regulated by different mechanisms, the
most important being cytokine-mediated stimulation (16, 30).
The association of a single HLA or HLA haplotype with several diseases has been the subject of a significant number of investigations.
In particular, the association of HLA with different infectious diseases, such as human
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immunodeficiency virus infection and its progression to
acquired immunodeficiency syndrome (36), and autoimmune
diseases such as multiple sclerosis (2), ankylosing spondylitis
(17), rheumatoid arthritis (14, 17), and diabetes mellitus (25) has
been demonstrated.
There is clear evidence of a strong correlation between the
HLA-B27 and ankylosing spondylitis, observed in more than
90% of patients.
HLA distribution has also been investigated in cancer
patients. Recent evidence suggests that the decreased expression of target protein antigens and HLA molecules represents
the predominant immune escape mechanism of malignant
prostate tumor cells (37). A genetic predisposition to the development of nasopharyngeal cancer has also been demonstrated
in patients expressing specific HLAs (4). Recent studies have
been focused on the relationship between HLAs and other cancer types. These findings support the hypothesis that, because
of some still-unknown mechanisms, particular HLA alleles
and/or haplotypes may predispose to the development of cancer (6, 21, 22, 28, 31).
With regard to brain tumors, descriptions of some familial
cases suggest that a genetic pattern could be involved in their
pathogenesis (1, 7).
To date, only a few studies have specifically addressed HLA
distribution in patients with brain tumors, and, most importantly, their results are controversial. In particular, no general
agreement exists on the HLA subtype involved in tumor development, and studies differ in design, methods used, and heterogeneity of enrolled patients.
The aim of this study was to characterize the HLA allele distribution in a cohort of patients, all natives and residents of eastern
Sicily, with newly diagnosed HGG. HLA allele frequencies were
compared with those of a generic control group of bone marrow
donors (group A) and a second group of patients (group B),
natives and residents of the same geographic area as the HGG
patients, who were virtually brain tumor–free and screened for
chronic HLA-associated disease. Possible clinical and prognostic
implications of HLA expression are discussed as well.

PATIENTS AND METHODS
Patient Population and Control Data Set
After signing an informed consent form, a cohort of 56 patients with
newly diagnosed HGG admitted to the Department of Neurosurgery of
the University of Messina during the period 2004 to 2007 were enrolled
in the study. There were 30 men and 26 women, with a mean age of
66.26  6.8 years (range, 52–79 years) at admission. All patients were
white and natives and residents of eastern Sicily.
Tissue obtained during surgery and/or stereotactic biopsy were formalin-fixed, paraffin-embedded, cut, stained with hematoxylin and
eosin, and used for histological diagnosis and grading of tumors based
on revised World Health Organization criteria (19, 20). According to the
revised World Health Organization classification, HGGs were diagnosed as anaplastic astrocytomas in 24 patients and glioblastomas in 32
patients. Patients with anaplastic astrocytoma had a mean age of 65.2
 7.7 years and a mean survival time of 102.3  17.5 weeks. Patients
with glioblastoma had a mean age of 67.06  6.2 and a mean survival
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time of 44.3  6.3 weeks. Nosological data for the HGG patients and
the control groups are summarized in Table 1.
HLA typing was performed using peripheral blood from each
patient included in the study. We collected peripheral blood from each
patient with a neuroradiological diagnosis of an intra-axial mass at the
time of admission and before any medical and/or surgical treatment.
After histological confirmation of HGG, the patients were included in
the study. We carefully excluded tumors containing components that
were suspected of oligodendroglioma. No cases of recurrent tumors
and no patients who underwent adjuvant therapy (radio- and/or
chemotherapy) before surgery were included in the study.
Two different healthy control groups (groups A and B) were used to
assess the HLA expression in Sicilian natives and to compare their pattern of distribution with that of HGG patients.
Group A included 140 bone marrow donors randomly selected at the
Department of Immunology of the University of Messina. Patients in
this control group included 76 men and 64 women with mean age of
41.8  12.9 years (range, 19–79 years). Group B included 69 patients
admitted to Department of Neurosurgery of the University of Messina
with the diagnosis of traumatic brain injury. We used this cohort of
patients for the reason that, because of their traumatic brain injury,
they underwent a computed tomography scan of the brain. Therefore,
at the time of inclusion in the study, they were virtually free of brain
tumors. Patients in this control group included 41 men and 28 women
with mean age of 46.4  13.2 years (range, 19–72 years).
All patients enrolled in this study were natives and residents of
Sicily. Moreover, the HGG patients and group B at the time of enrollment in the study were screened for chronic diseases such as diabetes
mellitus, polyarthritis, ankylosing spondylitis, and multiple sclerosis,
which might have confounded our results.

HLA Typing: Reverse Transcriptase Polymerase Chain
Reaction–Sequence-Specific Oligonucleotide Probe
Genomic DNA was isolated from peripheral blood by phenol-chloroform extraction using standard procedures. We used a reverse transcriptase polymerase chain reaction–sequence-specific oligonucleotide
probe to identify lymphocyte HLA alleles and their combinations,
according to the technique used by Cao et al. (5).

DNA Extraction
DNA extraction was performed using the technique and reagents of
Qiagen GmbH (QIA Amp DNA blood; Hilden, Germany). To an
Eppendorf-type microcentrifuge tube, 200 µL of whole ethylenediamine tetra-acetic acid–treated peripheral blood, 20 µL of proteinase K,
and 200 µL of lysis buffer were added. After mixing with a pulse vortex for 15 seconds, incubation at 56⬚C for 10 minutes, and minicentrifugation at 6000g, 200 µL of anhydrous ethanol (Carlo Erba, Milan, Italy)
was added. After further mixing followed by centrifugation, the mixture was carefully applied to a QIA Amp spin column, which was
capped and centrifuged at 6000g for 1 minute. Then the column was
placed in a clean collection tube and 500 µL of wash buffer was added,
and it was centrifuged for 1 minute at 6000g. We repeated this procedure twice, and the last centrifugation was performed for 3 minutes at
20,000g. We added 200 µL of the elution buffer to the column, placed it
in a clean microcentrifuge tube, incubated it at 15 to 25⬚C for 1 minute,
and centrifuged it at 6000g for 1 minute.

DNA Amplification
DNA amplification was performed using the technique and reagents
of Innogenetics NV (Ghent, Belgium). The amplification mixture was
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TABLE 1. Summary of the nosological data for high-grade glioma patients and control groupsa,b
WHO grade

No. of patients

F/M

Mean age (y)

Mean survival time (wk)

Glioblastoma

IV

32

15/17

67.06  6.2

44.3  6.3

Anaplastic astrocytoma

III

24

11/13

65.2  7.7

102.3  17.5

56

26/30

66.26  6.8

___

Tumor type

Total
Control group

A

___

140

64/76

41.8  12.9

___

B

___

69

28/41

46.4  13.2

___

209

92/117

Total
a
b

WHO, World Health Organization; F, female; M, male.
Age and overall survival are expressed as mean  standard deviation.

composed of distilled water, amplification buffer, primer solution, and
line probe assay (LiPA) Taq in ratios depending on the HLA class studied. We added 5 µL of extracted DNA to 45 µL of the amplification mixture that was placed in a thermal cycler (GeneAmp PCR System 2700;
Applied Biosystems, Inc., Foster City, CA). The amplification procedure
suggested for each HLA class was carefully performed.

indicates no disease association. Because of the small number of subjects enrolled in this study, the 95% confidence interval (CI) for the OR
was also calculated to avoid a rejection of the null hypothesis based
only on the 2  2 table.
Data analysis was performed by using INSTAT software version 3.0,
and PRISM software version 4.0 (GRAPHPAD, San Diego, CA). A P
value of less than 0.05 was considered statistically significant.

HLA Allele Identification
HLA allele identification was performed by INNO-LiPA typing tests
(Innogenetics NV) based on the reverse hybridization principle.
Amplified biotinylated DNA material was chemically denatured and
the separated strands were hybridized at 56⬚C with specific oligonucleotide probes. This step was followed by a stringent wash at 56⬚C to
remove any mismatched amplified material. Streptavidin conjugated
with alkaline phosphatase was then added and bound to any biotinylated hybrid previously formed. After incubation at 20 to 25⬚C for 30
minutes with the substrate solution containing a chromogene, it
appeared as a purple-brown precipitate. The reaction was stopped by
a wash step, and the reactivity pattern of the probes was recorded.
The LiPA Interpretation Software gave the final results on HLA allele
groups and all allele combinations found (5).

Statistical Analysis
HLA class I and II phenotype frequencies were calculated by counting the number of alleles present for each HLA type divided by the total
number of patients. Homozygotes were counted once. Heterozygous
and homozygous patients were counted as 1 event. Only in the case of
complete haplotype homozygosity were they counted as 2 events. The
sum of the events, A, was then divided by the total number of alleles, B,
and reduced to a percentage [haplotype frequency  (A/B)  100].
The statistical significance of the association of individual HLA alleles with the cohort of patients was calculated using a 2-tailed χ2 test or
Fisher’s exact test, as appropriate. Two-tailed P values were calculated
to detect positive and negative associations. The P values were corrected to reduce the possibility of false-positive results (Yates correction). Additionally, the odds ratio (OR), according to the WoolfHaldane method, was used to define the power of association of
anaplastic astrocytoma and glioblastoma occurrence in HLA alleles.
The OR is the ratio of the odds of the risk factor in the glioma group
and the control groups obtained by the cross-product of the entries in
a 2  2 table. An OR of greater than 1 indicates a positive association
and an OR of less than 1 a negative association, whereas an OR of 1
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RESULTS
Table 2 summarizes the data on the distribution of the genotypic frequency in the 3 groups.
The analysis of genotypic expression of HLA classes I and II
in the patients with HGG compared with control group data
demonstrated a significantly higher expression of HLA-A*11 in
patients with HGG compared with control group A (P  0.003;
OR  3.2 [95% CI, 1.5–6.8]) and control group B (P  0.018; OR
 3.16 [95% CI, 1.29–7.75]).
Significantly higher expression of HLA genotypes in HGG
patients was also found for HLA-DQB1*06 (P  0.005; OR 
5.8 [95% CI, 2.15–15.9]), HLA-DRB1*14 (P  0.001; OR  7.3
[95% CI, 1.99–27.07]), and HLA-DRB3*01 (P  0.007; OR  17.9
[95% CI, 0.98–325]) compared with group B.
Conversely, in HGG patients, we found statistically significantly decreased expression of both HLA-B*07 and HLA-C*04
compared with control group A (P  0.002; OR  0.05 [95% CI,
0.003–0.97]; and P  0.007; OR  0.24 [95% CI, 0.11–0.55],
respectively) and control group B (P  0.03; OR  0.086 [95%
CI, 0.005–1.57]; and P  0.016; OR  0.31 [95% CI, 0.13–0.77],
respectively). HLA-C*05 showed also a statistically significantly
decreased expression level in HGG patients compared with
group B (P  0.03; OR  0.08 [95% CI, 0.005–1.57]) (Table 3).

DISCUSSION
This study was designed to assess the frequency of distribution of HLA classes I and II in a group of patients with newly
diagnosed HGGs, all of whom were natives and residents of a
restricted geographic area (eastern Sicily). The frequencies of
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TABLE 2. Human leukocyte antigen alleles studied and relative
frequency distribution in the groupsa
Control groups

HLA

Glioma
group
(n = 56)

HLA-A*01

18%

28%

HLA-A*02

39%

HLA-A*03
HLA-A*11

TABLE 2. Continued

Statistical
analysis (P value)

HLA

Glioma
group
(n = 56)

Control groups

GG
versus
CG A

GG
versus
CG B

4%

NS

NS

0%

NS

NS

4%

0%

NS

NS

14%

7%

13%

NS

NS

14%

9%

17%

NS

NS

14%

41%

35%

0.007b

0.016b

0%

7%

9%

NS

0.03b

21%

21%

4%

NS

0.08b

39%

44%

35%

NS

NS

HLA-C*08

14%

11%

13%

NS

NS

NS

HLA-C*12

16%

26%

17%

NS

NS

NS

NS

HLA-C*14

4%

3%

4%

NS

NS

9%

NS

NS

HLA-C*15

16%

11%

17%

NS

NS

11%

17%

NS

NS

HLA-C*16

18%

9%

13%

NS

NS

4%

0%

NS

NS

HLA-C*17

4%

6%

0%

NS

NS

NS

HLA-DQB1*02

25%

28%

26%

NS

NS

NS

HLA-DQB1*03

68%

96%

83%

NS

NS

4%

2%

0%

NS

NS

A
B
(n = 140) (n = 69)

GG
versus
CG A

GG
versus
CG B

HLA-B*58

7%

3%

6%

NS

NS

HLA-B*73

0%

1%

36%

23%

NS

NS

HLA-C*01

4%

18%

21%

13%

NS

NS

HLA-C*02

32%

13%

13%

0.018b

0.018b

HLA-C*03

HLA-A*23

4%

9%

13%

NS

NS

HLA-C*04

HLA-A*24

25%

35%

22%

NS

NS

HLA-C*05

HLA-A*25

0%

4%

0%

NS

NS

HLA-C*06

HLA-A*26

7%

1%

13%

NS

NS

HLA-C*07

HLA-A*29

7%

10%

4%

NS

NS

HLA-A*30

14%

6%

26%

NS

HLA-A*31

4%

1%

4%

HLA-A*32

4%

9%

HLA-A*33

7%

HLA-A*34

0%

HLA-A*66
HLA-A*68

4%
0%

Statistical
analysis (P value)

A
B
(n = 140) (n = 69)

4%
13%

0%
4%

NS
NS

HLA-A*69

0%

0%

0%

NS

NS

HLA-DQB1*04

HLA-B*07

0%

12%

9%

0.002b

0.03b

HLA-DQB1*05

43%

49%

39%

NS

NS

36%

25%

9%

NS

0.005b

HLA-B*08

7%

4%

0%

NS

NS

HLA-DQB1*06

HLA-B*13

11%

8%

4%

NS

NS

HLA-DRB1*01

18%

14%

13%

NS

NS

NS

HLA-DRB1*03

14%

8%

9%

NS

NS

NS

HLA-DRB1*04

14%

14%

22%

NS

NS

21%

38%

22%

0.04b

NS

HLA-B*14
HLA-B*15

11%
11%

14%
13%

17%
9%

NS
NS

HLA-B*8

21%

27%

17%

NS

NS

HLA-DRB1*07

HLA-B*27

4%

2%

0%

NS

NS

HLA-DRB1*08

4%

4%

4%

NS

NS

NS

HLA-DRB1*09

0%

0%

0%

NS

NS

HLA-DRB1*10

0%

2%

4%

NS

NS

HLA-DRB1*11

50%

58%

61%

NS

NS

HLA-B*33
HLA-B*35

0%
11%

2%
31%

0%
43%

NS
0.005b

NS

HLA-B*37

4%

1%

0%

NS

NS

HLA-B*38

7%

3%

0%

NS

NS

HLA-B*39

0%

2%

4%

NS

NS

HLA-B*40

4%

12%

13%

NS

NS

HLA-B*41

4%

3%

0%

NS

NS

HLA-B*42

0%

3%

0%

NS

NS

HLA-B*44

16%

16%

22%

NS

NS

HLA-B*45

4%

1%

0%

NS

NS

HLA-B*47

4%

1%

0%

NS

NS

HLA-B*49

11%

9%

17%

NS

NS

HLA-B*50

0%

5%

0%

NS

NS

HLA-B*51

18%

9%

13%

NS

NS

HLA-B*52

7%

6%

9%

NS

NS

HLA-B*53

7%

4%

0%

NS

NS

HLA-B*55

11%

3%

4%

NS

NS

HLA-B*57

7%

5%

0%

NS

NS
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HLA-DRB1*12

0%

1%

9%

NS

NS

HLA-DRB1*13

18%

17%

9%

NS

NS

HLA-DRB1*14

25%

16%

4%

NS

0.001b

HLA-DRB1*15

14%

15%

9%

NS

NS

HLA-DRB1*16

11%

11%

17%

NS

NS

HLA-DRB4*01

29%

36%

43%

NS

NS

HLA-DRB4*04

0%

0%

0%

NS

NS

HLA-DRB3*01

11%

10%

0%

NS

0.007b

HLA-DRB3*02

71%

76%

49%

NS

NS

HLA-DRB3*03

0%

8%

4%

NS

NS

HLA-DRB5*01

18%

15%

13%

NS

NS

HLA-DRB5*02

4%

7%

4%

NS

NS

a

HLA, human leukocyte antigen; GG, glioma group; CG A, control group A
(healthy bone marrow donors); CG B, control group B (virtually brain tumor–free
patients); NS, not significant.
b
Statistically significant.
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HLA distribution were compared with 2 control groups: 140
healthy bone marrow donors (group A) and 69 traumatic brain
injury patients virtually free of brain tumor (group B). Group B
were all natives and residents of the same geographic area as the
HGG patients. This is the first study to systematically analyze
the frequency of HLA distribution compared with controls with
a similar approach. The availability of such large control groups
and the fact that both HGG patients and controls belong to virtually the same isolated area may eliminate most racial and
environmental confounding variables. This study found statistically significant correlations between the distribution of specific HLAs and the occurrence of newly diagnosed HGG. In
detail, an increased frequency of HLA-A11 was found in
patients with HGG compared with both control groups, and of
HLA-DQB1*06, HLA-DRB1*14, and HLA-DRB3*01 compared
with patients in control group B. Conversely, HLA-B*07 and
HLA-C*04 frequency were statistically decreased in HGG compared with groups A and B, and HLA-C*05 frequency was
decreased in HGG compared with patients in group B, being
hypothetically associated with a decreased risk of HGG.
The involvement of the immune system in the pathogenesis of
cancer has prompted several studies of a possible association
between tumors and some specific antigens of the HLA system. A
possible explanation for HLA involvement in carcinogenesis may
reside in the crucial role of the host immune response against
both exogenous and endogenous attacks, such as neoplastic diseases. The mechanism by which HLAs fail to realize an effective
immune response could be the result of defects in antigen presentation in individuals with particular HLA alleles or haplotypes. A
possible explanation for the immune escape mechanism of malignant glioma tumor cells could be related to a decreased ability of
specific HLA alleles to perform their function of presenting the
tumoral antigens to the immune system. This hypothesis may be
supported by a neoplastic tissue MHC II positivity association
with improved prognosis in numerous human cancers (8, 33).
Recent studies have focused on the relationship between HLAs
and cancer. A higher risk of the development of gastric cancer has
been identified in patients expressing the HLA-DRB1*0405 allele
(28). Other reports have demonstrated a relationship between
HLA-DQB1*0301 and DRB1*1101 antigens and skin cancer (31).
Burt et al. (4) suggested a genetic predisposition for the development of nasopharyngeal cancer in patients expressing specific
HLAs; these authors documented decreased expression of an
HLA allele and hypothesized that this could be associated with a
lower risk of tumor occurrence. The role of genetics in lung cancer pathogenesis was recently addressed by Romano et al. (31). In
their study, they found a negative association between lung cancer and the HLA-DR*7 allele, which seemed to increase resistance
against tumors (6). In line with these observations, in patients
with colorectal cancer, HLA-B*14, HLA-B*18, HLA-B*27, and
HLA-DQ*5 may predispose to tumor development (6). Krul et al.
(21) documented a statistically significant relationship between
the development of uterine tumors and the frequency of HLADR*15, HLA-DR*3, and HLA-DR*11 alleles, whereas HLA-DR*13
seemed to be highly expressed in the control group. These findings support the hypothesis that some specific HLA alleles
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and/or haplotypes may predispose to the development of cancer,
even if different mechanisms are able to interfere with immune
recognition of tumor cells, and the limit of vaccination efficacy in
cancers is still poorly understood (26). The cytotoxic activity of T
cells selects the outgrowth of tumor cells that escape immune
surveillance by different strategies. Recent evidence demonstrates
that HLA-G, an almost monomorphic molecule expressed in both
membrane-bound and soluble isoforms, inhibits natural killer
cell–mediated cell lysis and influences cytokine expression (18).
Effective antigen processing and presentation are crucial to antitumor immunity. Tumor cells express tumor antigens, but seldom are able to induce an effective antitumor immune response.
This observation is probably related to the fact that tumor cells do
not express essential costimulatory molecules and, most importantly, express MHC class II molecules (35). In a recent study,
Tanaka et al. (35) suggested possible antitumor immunity
induced by immunization with class II–deficient dendritic cells.
These cells are bone marrow–derived leukocytes that have a characteristic veiled morphology that excels in antigen presentation
and in the initiation of primary immune responses (35). These
authors observed differential impairment of antitumor immunity induced by fusion of dendritic cells from MHC class I and/or
II knockout mice. Immunization with MHC class II–deficient
dendritic cell tumor fusion abolished the interferon gamma production of CD4 and CD8 T cells and the induction of cytotoxic T
lymphocytes and severely impaired antitumor immunity molecules (35). Collectively, these data indicate that MHC class II antigen presentation targeting activation of CD4 T cells is a key factor for antitumor immunity.
Microglial cells are not expressed on the surface HLA class II
molecules, but their expression can be induced by various
cytokines, such as interferon gamma (13). A recent Italian study
of glioblastoma patients revealed tumor necrosis factor β4 polymorphism involvement in decreasing antitumoral activity. The
strong linkage disequilibrium between tumor necrosis factor β
and the MHC may support the hypothesis of an association
between MHC class I and II antigens and the occurrence of
glioblastoma (12).
Several reports have documented the association between
HLA alleles and gliomas. In 1978, de Moerloose et al. (10) conducted a study on HLA association with gliomas in white populations, suggesting a possible correlation between HLA-B*35
and HLA-DRw1 (DRB1*01) and glioma occurrence. Nitta et al.
(27) documented a significantly higher frequency of HLA-A*24
in a group of Japanese patients with cerebral glioma compared
with a nonglial patient group and healthy individuals.
However, an analogue study conducted by Takai et al. (34)
on another group of Japanese patients failed to document an
increased frequency of HLA-A*24 in glioma patients. In turn,
these authors reported an increased occurrence of HLA-B*61,
which was not found in the previous Japanese group of glioma
patients (27).
A possible explanation for these discrepancies may be the
different methods used for HLA typing. Despite the serological methods used in the studies by de Moerloose et al. (10),
Nitta et al. (27), and Takai et al. (34) to determine HLA allele
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TABLE 3. Summary of single human leukocyte antigen alleles
with statistically different frequency of occurrence in high-grade
glioma patients compared with control groupsa
Control group

HLA

Glioma
group
(n = 56)

HLA-A*11

32%

13%

HLA-C*06

21%

21%

HLA-DQB1*06

36%

HLA-DRB1*14

25%

HLA-DRB3*01

Statistical
analysis (P value)
GG
versus
CG A

GG
versus
CG B

13%

0.018

0.018

4%

NS

0.08

25%

9%

NS

0.005

16%

4%

NS

0.001

A
B
(n = 140) (n = 69)

11%

10%

0%

NS

0.007

HLA-B*07

0%

12%

9%

0.002

0.03

HLA-C*04

14%

41%

35%

0.007

0.016

HLA-C*05

0%

7%

9%

NS

0.03

a
HLA, human leukocyte antigen; GG, glioma group; CG A, control group A (healthy
bone marrow donors); CG B, control group B (virtually brain tumor–free patients);
NS, not significant.

distribution, we performed a molecular test to reconfirm serological data. Therefore, in our investigation, the genetic screening method used was different from those used in previous
studies. Moreover, racial heterogeneity, particularly in Italian
and Japanese populations, may explain some difference in
HLA distribution.
Two studies were performed (15, 23) using molecular typing
of HLA class I and II genes to investigate a possible association
between HLA alleles with brain glioma tumorigenesis. Our
results can be compared with those of Machulla et al. (23)
because the same genetic test was used and the study populations were all white. These authors conducted a study in a group
of German glioma patients, the findings of which suggested a
positive association between single HLA alleles and the occurrence of symptomatic cerebral glioma. More specifically, the
authors reported that, compared with a control group, patients
positive for HLA-A*25 had a 3-fold increased risk of glioma (P
 0.04); patients positive for HLA-B*27 had a 2.7-fold increased
risk (P  0.03); and patients positive for HLA-DRB1*15 had a 2.2fold increased risk (P  0.03); whereas HLA-DRB1*07 was associated with a 0.4-fold decreased risk of the development of
symptomatic brain glioma (23). Comparing our results with
those reported by Machulla et al. (23), we failed to find an association with HLA-A*25. The expression of this antigen has rarely
been identified in our population. This allele was actually present in only 2 of 265 patients studied (0.7%). The same was true
for HLA-B*27, which was present in only 4 subjects (1.5%). With
regard to HLA-DRB1*15, this allele, although present in 13% of
our population, did not differ in prevalence among the 3 groups.
Conversely, our results confirm the association of HLA-DRB1*07
with a decreased risk of glioma development.
Guerini et al. (15) reported a positive association between
HLA-DRB1*14 and the presence of symptomatic cerebral
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glioma (P  0.002) in a group of northern Italian patients. In line
with the observation of this group, in our investigation we also
found a higher frequency of the HLA-DRB1*14 allele in glioma
patients compared with control group B. In contrast, Guerini
et al. did not find any association between cerebral glioma and
other alleles, such as we have demonstrated in this study.
However, in their study, the authors did not distinguish among
gliomas with different grades of malignancy. Considering that
the transition from a low-grade to a high-grade glioma is associated with a stepwise accumulation of genetic mutations, it has
been proposed that gliomas of different grades may have different pathogenesis (24). In this view, because HLA class II genes
are inducible and regulated by different mechanisms, this may,
in part, explain the differences between our findings and those
of previous studies. Furthermore, the control group in the study
by Guerini et al. was obtained from an online database (http://
www.allelefrequencies.net). Most importantly, there is a lack of
specific information on these patients, whereas in our study, all
patients were natives and residents of the same geographic area
and all shared common racial characteristics. Moreover, all
patients in the HGG group and group B were screened for
chronic diseases such as diabetes mellitus, polyarthritis, ankylosing spondylitis, and multiple sclerosis. Taking these considerations together, discrepancies in reported HLA frequency may
be attributable to differences in the populations investigated.
HLA expression varies in relation to genetic characteristics of a
population; therefore, homogeneity in patient selection should
be considered crucial in studies addressing this issue. In our
investigation, in contrast to other similar studies, we minimized
racial and genetic differences. However, our population was
not completely homogeneous, and therefore this should be considered a limitation of the study.
In conclusion, our data suggest that susceptibility to specific
brain tumors may be associated with single HLA alleles,
although there is no general agreement with previous reports
in recognizing a single HLA allele and/or haplotype as a risk
factor in the development brain tumors. It should be emphasized that data should be interpreted with caution because of
the small sample sizes, and further confirmation with a larger
number of patients with the same homogenous characteristics
is needed. Moreover, this study failed to provide a strong
pathophysiological link between a single HLA allele expression and glioma development, which may represent the main
limitation to clearly confirming the role of HLA alleles expression in the development of cancers. Nevertheless, this is the
first Italian case-control study specifically addressing the evaluation of HLA frequency and a specific brain tumor histotype
(i.e., HGG) in a population of natives and residents of a
restricted geographic area, thus having minimal racial and
genetic differences.
Therefore, these results may be considered a possible foundation, upon which not only to base further studies designed to
clarify the predictive value of single HLAs and HLA haplotypes
and the pathophysiological meaning in cerebral malignant
glioma tumorigenesis, but also to outline racial and/or geographic differences of HLA distribution in patients with HGGs.
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COMMENTS

T

his study investigates the possibility that specific human leukocyte
antigens (HLAs) correlate with glioma development. To minimize
genetic heterogeneity as a variable, the investigators limited their study
population to a restricted geographic area in Sicily and compared HLA
expression in a tumor group with that in 2 control groups. Several
experimental factors must be kept in mind when interpreting these conclusions. The results are correlative and phenomenological and do not
suggest what role, if any, major histocompatibility complex alleles play
in gliomagenesis. Also, although other previously published studies
correlating major histocompatibility complex alleles with glioma have
reported similar findings, there are more discrepancies than agreement
among these studies. The authors’ suggestion that this may be attributable to differences in methodology is dissatisfying. Inclusion of 2 control
groups in this study is an asset, but it also complicates interpretation of
the study, since some major histocompatibility complex differences are
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found between the glioma group and 1 control group, but not the other.
The interactions of glioma with the immune system are not well characterized, and this study represents an early search for genetic correlations that should be further evaluated in other populations.
Benjamin C. Kennedy
Jeffrey N. Bruce
New York, New York

T

his is a study looking at the HLA types of a population of patients
in Sicily with high-grade gliomas, compared with 2 sets of control
populations in the same geographic area. La Torre et al. looked at 56
patients with high-grade glioma and did HLA typing by reverse transcriptase polymerase chain reaction–single-sequence oligonucleotide
probe. For their control populations, they looked at 140 healthy bone
marrow donors (group A) and 69 patients who underwent head computed tomographic scans for traumatic brain injury (group B).

This is an interesting study with an interesting epidemiological
hypothesis (i.e., the association of particular HLA types with the development of high-grade gliomas). The control populations are appropriate, and, as the authors point out, the isolated geographic area of Sicily
makes this population case-control study feasible.
Linda M. Liau
Los Angeles, California

L

a Torre et al. present an association between certain HLA phenotypes and gliomas in a relatively restricted patient population. The
missing link is a viable causation mechanism. Although they can make
no claims regarding the significance of this association, the findings are
interesting and may be useful in future investigation.
Joseph M. Piepmeier
New Haven, Connecticut

FluoCells prepared showing a fixed, permeabilized, and labeled muntjac skin fibroblast. Mitochondria were labeled with
anti–OxPhos Complex V inhibitor protein mouse IgG1 and visualized using orange-fluorescent Alexa Fluor® 555 goat anti–mouse
IgG (Cat. no. A21422). F-actin was labeled with green-fluorescent Alexa Fluor® 488 phalloidin (Cat. no. A12379), and the nucleus was
stained with TO-PRO®-3 iodide (Cat. no. T3605, pseudocolored magenta). Copyright © 2009 Life Technologies Corporation. See
Khalessi et al., pp 1015–1028.
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