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Abstract Cell adhesion molecules such as intercellular

adhesion molecule-1 (ICAM-1) and platelet-endothelial

cell adhesion molecule-1 (PECAM-1) play an important

role in glioma invasion and angiogenesis. The aim of this

study was to investigate whether specific genetic poly-

morphisms of ICAM-1 and PECAM-1 could be associated

with glioma development and progression. Single-

nucleotide polymorphism in codon 469 of ICAM-1 and

codon 125 of PECAM-1 were examined in 158 patients

with astrocytomas and 162 controls using polymerase chain

reaction and restriction enzyme analysis. The distribution

of PECAM-1 polymorphic genotypes in astrocytomas did

not show any significant difference. However, a specific

ICAM-1 genotype (G/G, corresponding to Lys469Glu)

exhibited higher frequency in grade II astrocytomas com-

pared to controls, grade III, and grade IV astrocytomas;

suggesting that this polymorphism could be involved in the

development of grade II astrocytomas.
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Introduction

Astrocytomas are the most common type of primary human

brain neoplasms, accounting for more than 60% of them.

They form a heterogeneous group of tumors and are clas-

sified into grades, ranging from I to IV. Grade I

astrocytomas have relatively benign appearance with

minimal atypia or anaplasia. Grades II–IV are classified as

diffusely infiltrating astrocytomas, presenting increased

degree of malignancy [1].

Grade II diffuse astrocytomas are slow-growing tumors;

however, exhibits invasive features and spontaneous pro-

gression to higher grades [2, 3]. Anaplastic astrocytomas

(grade III) can develop from low-grade astrocytomas (grade

II), or be diagnosed at first biopsy without a precursor

lesion, they have a greater degree of anaplasia than grade II

[4, 5]. Glioblastomas (grade IV) are the most malignant and

frequent astrocytic tumors. They originated from a diffuse

or anaplastic astrocytoma (secondary glioblastoma) or it
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may manifest ‘‘de novo’’ as a primary glioblastoma [6, 7].

This tumor is highly infiltrative and exhibits high mitotic

activity, necrotic areas, and microvascular proliferation [2,

4, 8]. Genetic studies suggest that there are several path-

ways leading to malignant gliomas progression and they can

be classified based on specific gene mutations and/or gross

chromosomal aberrations, with differential expression of

specifics genes and proteins [9].

The biological features of gliomas require disruption of

endothelial cell–cell attachment and cell-matrix adhesion,

cell migration, and formation of new cell–cell interactions

[10] and there are increasing evidences for the importance

of adhesion molecules in the complex process of tumor

development, invasion, metastasis, and interaction with

immune cells [11–15]. Cell adhesion molecules, including

ICAM-1 and PECAM-1, participate of this process and

contribute to the local infiltrative ability of gliomas

behavior [16].

Intercellular adhesion molecule-1, a single-chain 76–

110 kDa glycoprotein, is a member of the immunoglobulin

superfamily [17]. Several studies have demonstrated that

ICAM-1 is expressed in human glioma cells and this

expression is affected by cytokines [18–20]. The expres-

sion of ICAM-1 in high-grade gliomas was previously

reported, and the same study showed weakly expression in

low-grade gliomas and no expression in normal brain [18].

In addition to that other study demonstrated that intratu-

moral endothelial cells either express ICAM-1, suggesting

its relevance in attracting circulating lymphocytes to in-

tratumoral sites [21].

Platelet-endothelial cell adhesion molecule-1 is a

130 kDa glycoprotein that belongs to the family type-I

transmembrane cell adhesion molecules that are member of

the immunoglobulin superfamily [22, 23]. This protein is

an important participant in the adhesion cascade, leading

the leucocytes migration during the inflammatory process

[23]. It is involved in the chemokine-induced angiogenesis

[24–26], and also modulates endothelial cell migration ‘‘in

vitro’’ [27]. The expression of PECAM-1 was reported in

tumor cells [28] and probably favors the angiogenesis

process by promoting specific interactions between glial

and endothelial cells [9].

Gene polymorphisms analysis of adhesion molecules

have been well described and, in some cases, contribute to

the understanding of genetic variability underlying the

development of several diseases as acute myocardial

infarction [28].

ICAM-1 gene, located on chromosome 19p-13, exhibits

a common and functionally important genetic polymor-

phism [29]. Two biallelic polymorphisms in the coding

sequence of ICAM-1 were identified: Gly or Arg at codon

241 (exon 4), and Lys or Glu at codon 469 (exon 6) in Ig

domain 5 [30]. The latter is an A–G substitution at position

located three bases upstream of an mRNA splicing site that

influence RNA splicing patterns. In fact, cells of the GG

genotype produce less mRNA for the ICAM-1-S isoform

than AA cells. Because ICAM-1-S has no transmembrane

or intracellular domains, signal transduction by ICAM-1 is,

therefore, affected [31]. Several studies have reported a

correlation between these single-nucleotide polymorphisms

(SNPs) and many inflammatory diseases, including Beh-

cet’s disease [32], type-1 diabetes [33], Graves’ disease

[34], multiple sclerosis [35] and rheumatoid arthritis [36].

Platelet-endothelial cell adhesion molecule-1 polymor-

phisms were described in functionally important domains

[37, 38]. These polymorphisms are located in exon 3 at

codon 80 changing a valine to methionine (Val80Met), at

codon 125 changing a leucine to valine (L125 V), in exon 8

at codon 563 changing an asparagine to serine (N563S),

and in exon 12 at codon 670 changing a glycine to arginine

(G670R) [39]. Val125 and Asn563 were correlated to

increased risk of atherosclerosis [40, 41] and multiple

sclerosis [42]. Owing to its strategic role in the cell–cell

interaction, genetic variation in PECAM-1 may have a

prime biological effect in inflammatory or organ-specific

autoimmune processes, which require migration of patho-

genetic cells into target organs [43].

The possible role of polymorphisms of cell adhesion

molecules in the development of gliomas has not yet been

investigated. Taken into account the relevance of cell

adhesion molecules in microvascular proliferation and

tumor invasion, hallmarks of malignant gliomas, the aim of

this study was to investigate ICAM-1 codon 469 and

PECAM-1 codon 125 SNPs in diffusely infiltrating

astrocytomas.

Materials and methods

Patients and controls

This study involved 320 unrelated individuals divided into

158 patients with astrocytomas and 162 controls (mean age

48.4 years), with similar ethnic characteristics. Gender

distribution was 97 males/61 females, and 97 males/65

females, for patients and controls, respectively. These

groups were composed of individuals recruited from 2002

to 2005 in the Clinical Hospital of Ribeirão Preto School of

Medicine of University of São Paulo (HC-FMRPUSP),

Clinical Hospital of School of Medicine of University of

São Paulo (HC-FMUSP), and São Paulo Hospital of Fed-

eral University of São Paulo (UNIFESP); Brazil.

The distribution of 158 patients in astrocytomas sub-

types was: 26 grade II, 26 grade III and 106 grade IV. On

the basis of phenotype characteristics and family history,

120 patients and 113 controls were identified as white
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(European descendents); 27 patients and 27 controls

mulatto, 8 and 13 black (African descendents); 2 and 8

were oriental descendents; 1 and 1 were classified as oth-

ers. Epidemiological data from the study population were

obtained by a standard interviewer-administered question-

naire, including data on social habits, health problems and

ancestry. The human subject protocol was approved by

local Ethics Committee of the participating institutions and

written informed consent was obtained from all subjects or

their parents.

Genotyping

DNA extraction

Blood was collected in EDTA-containing tubes and geno-

mic DNA was extracted from peripheral blood lymphocytes

by the conventional phenol–chloroform method. Isolated

DNA was re-suspended in Tris–EDTA buffer (pH 8.0) and

was stored at -20�C until use.

ICAM-1 polymorphism

The genotyping assay for the ICAM-1 codon 469 poly-

morphism was performed by polymerase chain reaction

(PCR) approach described by Nejentsev et al. [33] with

modifications. The PCR primers used were as follows:

forward primer 50-GGAACCCATTGCCCGAGC-30; re-

verse primer 50-GGTGAGGATTGCATTAGGTC-30. The

PCR was performed in a total volume of 25 ll containing

150 ng of genomic DNA, 100 ng of each primer, 200 lM

dNTPs, 2.5 ll of 109 PCR buffer (19: 200 mM Tris–HCl,

500 mM KCl, pH 8.4), 1.5 mM MgCl2 and 1.25 U Taq

DNA polymerase (Invitrogen, Carlsbad, CA, USA). The

cycling conditions consisted of: 1 cycle of 1 min at 96�C,

followed by 30 cycles of 20 s at 96�C, primer annealing at

64�C for 50 s and polymerization at 72�C for 1 min; and a

final extension at 72�C for 5 min. Amplified PCR products

were subsequently digested for 3 h at 60�C using three

units of the restriction enzyme BstUI (New England Bio-

Labs, Beverly, MA, USA) in a final volume of 25 ll.

Restriction-fragment length polymorphism was then

detected using electrophoresis on an ethidium bromide-

stained 2.0% agarose gel (Sigma-Aldrich, St Louis, MO,

USA). In the presence of the G allele (Glu469), a BstUi

restriction site was present, thus resulting in fragments of

136 and 87 bp, while in the presence of the allele A

(Lys469) only the uncut 223 bp PCR product was observed.

PECAM-1 polymorphism

Genotypic analysis of the PECAM-1 codon 125 gene

polymorphism was determined using a modification of a

PCR–RFLP (restriction-fragment length polymorphism)

approach described previously by Nichols et al. [44]. The

PCR primers used were as follows: forward primer

50-ACGGTGCAAAATGGGAAGAA-30; reverse primer

50-AGAGGGTGATGGGTGGAGAG-30. A DNA fragment

of 364 bp was amplified using the same PCR mixture

indicated above. Initial denaturation was carried out at

94�C for 5 min, followed by 35 cycles at 94�C for 30 s,

62�C for 40 s and 72�C for 1 min. A final extension step of

72�C for 5 min terminated the process. After amplification,

20 ll of the PCR product was digested with five units of

the restriction enzyme AluI (New England BioLabs, Bev-

erly, MA) in a final volume of 25 ll. In the presence of the

C allele (Leu125), two fragments of 315 and 49 bp were

observed; while the G allele (Val 125) resulted in frag-

ments of 237, 78 and 49 bp.

Statistical analysis

Statistical analysis was performed using GraphPad InStat

software (GraphPad Software Inc., CA, USA). The groups

were submitted to a statistical analysis with v2 test or

Fisher0s exact test. Differences were considered significant

at P \ 0.05. The 95% confidence intervals (95% CI) of the

percentage were calculated by assuming a binomial distri-

bution. Sex-age-adjusted odds ratio (ORs) and 95% CI were

calculated according to an unconditional logistic model.

Results

Polymerase chain reaction and RFLP results confirmed the

presence of the SNPs ICAM-1 Lys469Glu and PECAM-1

Leu125Val in the study subjects. Genotype and allelic

frequencies for both SNPs were compared between astro-

cytoma patients and controls, and within astrocytomas

subgroups (Table 1).

When all astrocytomas were pooled, their distribution of

genotypes AA, AG and GG for ICAM-1 codon 469 was not

significantly different from controls (P = 0.36, 0.99, and

0.44, respectively). However, when the astrocytomas were

discriminated by grade, we observed that the genotype GG

was significantly higher in grade II astrocytomas compared

to controls (P = 0.03; OR = 0.21; 95% CI = 0.06–0.77)

and to higher grade astrocytomas [grade III astrocytoma

(P = 0.03; OR = 0.05; 95% CI = 0.002–1.02) and grade

IV astrocytoma (P = 0.03; OR = 0.18; 95% CI = 0.04–

0.75)]. In general, we observed a significantly higher fre-

quency of the allele G in grade II astrocytomas when

compared to grade III (P = 0.04) and IV astrocytomas

(P = 0.02) but not to controls (P = 0.09).

On the other hand, genotyping of PECAM-1 detected the

Leu125Val SNP, but the distribution frequency of the

Clin Exp Med (2009) 9:157–163 159
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alleles CC, CG, and GG was not significantly different

between controls and astrocytomas, either pooled or dis-

criminated by grade.

For ICAM-1 G/G the median follow up times ranged

between 0 and 266 weeks and the median survival time for

AA group was 63 weeks, AG group was 54 weeks and GG

group was 48 weeks; and for PECAM-1 G/G the median

survival time for AA was 74 weeks, AG group was

52 weeks and for GG group was 57 weeks, and all these

results were not significantly different among genotypes.

Brazilian population, as our control data, expressed

ICAM-1 Lys469Glu and PECAM-1 Leu125Val polymor-

phism frequencies in agreement with those reported for

other different populations (Japanese, Italian, Chinese,

Asian, and Caucasian) as shown in Table 2. Multivariate

analysis, including age, race, and gender as co-variables

found no statistical difference between them.

Discussion

This is the first study to investigate the role of polymor-

phisms within the ICAM-1 and PECAM-1 genes in the

susceptibility and development of diffuse astrocytomas.

Two SNPs were selected for inclusion in the study,

both encoding amino acid substitutions. These two

polymorphisms (ICAM-1 Lys469Glu and PECAM-1

Leu125Val) influence the metabolism and stability of these

adhesion molecules, including mRNA splicing and pro-

duction of ICAM-1S [45, 46].

In the control group, we found that ICAM-1 and PE-

CAM-1 alleles and genotypes were distributed consistently

with the results reported in previous studies with Caucasian

population that evaluated the ICAM-1 Lys/Glu and

PECAM-1 Leu/Val gene polymorphisms [47, 48]. In con-

trast, the comparison between the frequencies of these

polymorphisms obtained in our study with population

predominantly Caucasian and other populations confirmed

that the frequencies suffer modifications among popula-

tions (Table 2). These variations suggest that susceptibility

genes may have different effects in ethnically distinct

populations and that these effects depend on the allele

frequencies [48].

Intercellular adhesion molecule-1 is aberrantly expressed

in some central nervous system diseases, such as multiple

sclerosis, and Alzheimer’s disease [49–51]. Studies of

ICAM-1 have suggested the association of the polymor-

phism (Lys469Glu) with several inflammatory diseases and

they attribute it to the predominance of the G allele, while

A/A homozygotes have been associated with multiple scle-

rosis [31]. In addition, ICAM-1 has been found to induce

expression of several other proinflammatory cytokines, such

Table 1 Genotypes (number and (%) of individuals) and allele frequencies of ICAM-1 Lys469Glu and PECAM-1 Leu125Val for controls and

astrocytomas patients

Polymorphism All astrocytomas Grade II astrocytomas Grade III astrocytomas Grade IV astrocytomas Controls

ICAM-1(Lys469Glu)

A/A 75/158 (47.5) 8/26 (30.8) 15/26 (57.7) 52/106 (49.1) 69/162 (42.6)

A/G 72/158 (45.6) 13/26 (50.0) 11/26 (42.3) 48/106 (45.3) 84/162 (51.6)

G/G 11/158 (6.9) 5/26 (19.2)a 0/26 (0) 6/106 (5.7) 9/162 (5.6)

A/G ? G/G 83/158 (52.5) 18/26 (69.2) 11/26 (42.3) 54/106 (50.9) 93/162 (57.4)

Allele frequency

A 0.74 0.56 0.79 0.72 0.69

G 0.26 0.44 0.21 0.28 0.31

PECAM (Leu125Val)

C/C 34/158 (21.5) 5/26 (19.2) 6/26 (23.1) 23/106 (21.7) 43/162 (26.5)

C/G 82/158 (51.8) 13/26 (50.0) 11/26 (42.3) 58/106 (54.7) 77/162 (47.5)

G/G 42/158 (26.5) 8/26 (30.8) 9/26 (34.6) 25/106 (23.5) 42/162 (25.9)

C/G ? G/G 124/158 (78.5) 21/26 (80.8) 20/26 (76.9) 83/106 (78.3) 119/162 (77.5)

Allele frequency

C 0.47 0.44b 0.44 0.49 0.43

G 0.53 0.56 0.56 0.51 0.57

A/A and C/C homozygous for the wild-type allele, A/G and C/G heterozygous, G/G (ICAM-1 469Glu) and G/G PECAM-1125Val) homozygous

for the polymorphism allele
a The homozygous ICAM-1 G/G variant was significantly more prevalent in the grade II astrocytomas patients than in grade III and grade IV

astrocytomas, and control subjects (P = 0.03)
b Allelic frequency in grade II astrocytomas patients is significantly higher than in grade III and IV astrocytomas (P = 0.04 and 0.02,

respectively)
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as interleukins IL-1 alpha, IL-1 beta, IL-6, and necrosis

tumor factor (TNF) alpha, specifically in astrocytes [52].

Here, we compared the specific A/G polymorphism at codon

469 of ICAM-1 in normal individuals versus astrocytomas

patients, and found a higher frequency of the genotype G/G

in grade II astrocytomas compared with controls and other

astrocytomas grades. These data suggest a possible role for

this polymorphism in the development of low-grade astro-

cytomas and raise an interesting question regarding their

role in gliomas progression.

The presence of the polymorphism in grade II and not in

grades III and IV gliomas can be explained by two

hypothesis: grade II tumors presenting the polymorphism

could have lower tendency to evolve to high grades,

explaining the reason that this polymorphism was not

detected in high-grade gliomas; or the hypothesis that the

percentage of primary glioblastoma is so high, 95%

according to the literature [1], that could difficult the

identification of genetic abnormalities in secondary glio-

blastomas because the minimal number of cases. In the

present study, none glioblastoma was considered secondary

based on the absence of clinical history of progression from

a low-grade tumor. To test these hypotheses above, a long

and larger study should be necessary, where grade II

astrocytoma patients could be followed for 5–10 years,

until their disease progression and the number of secondary

glioblastomas could be significant.

Several reports have suggested that PECAM-1 may have

a role in glioma genesis. Higher level of soluble PECAM-1

isoform was observed in subjects homozygous for the

Val125 allele, suggesting that polymorphism in this allele

could impact on its protein metabolism and stability [45].

Here, we analyzed the SNP Leu125Val in PECAM-1, but

found no association of this polymorphism with the

development or malignant progression of astrocytomas,

suggesting that this specific heterogeneity of PECAM-1 is

not related with the biological behavior of these brain

tumors.

Currently, different biological pathways are known to be

associated with the progression of low-grade astrocytomas

to anaplastic astrocytomas and glioblastomas, such as

vascular density, nuclear atypia, mitosis, deletion of the

p16 gene, loss of heterozygosity on chromosomes 10 and

19q, inactivation of the retinoblastoma (RB) gene and

CDK4 amplification [6]. However, there is a lack of

definitive markers to preview the evolution of grade II

astrocytomas. Further genetic polymorphism studies with

adhesion molecules could help to elucidate the mechanisms

involved in gliomas progression and identify new prog-

nostic markers to malignancy in diffuse astrocytomas.

Table 2 Comparison of the ICAM-1 Lys469Glu and PECAM-1 Leu125Val and genotypes of the control subjects in this study and previously

published studies

Genotype (%) Allele (%) Population Study

A/A A/G G/G A G

ICAM-1

69 (42.6) 84 (51.6) 9 (5.6) 222 (68.5) 102 (31.5) Brazilian Our control data

Lys469Glu

65 (38.9) 74 (44.3) 28 (16.8) 204 (61.1) 130 (38.9) Japanese [53]

22 (40.7) 25 (46.3) 7 (12.9) 68 (63.0) 40 (37.0) Italian [54]

36 (29.0) 70 (61.0) 10 (9.0) 139 (60.0) 93 (40.0) German [55]

118 (47.6) 107 (43.1) 23 (9.3) 342 (69.0) 154 (31.0) Korean [56]

28 (23.9) 67 (57.3) 22 (18.8) 123 (52.6) 111 (47.4) Spanish [57]

Genotype (%) Allele (%) Population Study

C/C C/G G/G C G

PECAM-1

43 (26.5) 77 (47.5) 42(25.9) 163 (50.3) 161 (49.7) Brazilian Our control data

Leu125Val

45 (19.2) 120 (51.1) 70 (29.8) 210 (44.7) 260 (55.3) Japanese [58]

38 (32.2) 49 (41.5) 31 (26.3) 125 (53.0) 111 (47.0) Italian [28]

35 (23.3) 86 (57.3) 29 (19.3) 156 (52.0) 144 (48.0) Chinese [45]

47 (42.7) 52 (47.3) 11 (10.0) 146 (66.4) 74 (33.6) Asian [59]

49 (28.8) 74 (43.5) 47 (27.7) 172 (50.6) 168 (49.4) Caucasian [48]
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Araújo and Julia M.Y. Komoto for technical assistance. This study

was supported by grants from FAPESP, FAEPA,CAPES, LICR.

Conflict of interest statement The authors declare that they have

no conflict of interest related to the publication of this manuscript.

References

1. Kleihues P, Burger PC, Collins VP, Newcomb EW, Ohgaki H,

Cavenee WK (2000) Pathology and genetics of tumours of the

central nervous system. In: Kleihues P, Cavenee WK (eds) World

Health Organization Classification of Tumours. IARC Press,

Lyon, pp 6–69

2. Shapiro JR (2002) Genetic alterations associated with adult dif-

fuse astrocytic tumors. Am J Med Genet 115(3):194–201

3. Compostella A, Tosoni A, Blatt V, Franceschi E, Brandes AA

(2007) Prognostic factors for anaplastic astrocytomas. J Neu-

rooncol 81(3):295–303

4. Cavenee WK (2000) High-grade gliomas with chromosome 1p

loss. J Neurosurg 92(6):1080–1081

5. Preusser M, Haberler C, Hainfellner JA (2006) Malignant glioma:

neuropathology and neurobiology. Wien Med Wochenschr

156(11–12):332–337

6. Ohgaki H, Kleihues P (2007) Genetic pathways to primary and

secondary glioblastoma. Am J Pathol 170(5):1445–1453

7. Gudinaviciene I, Pranys D, Juozaityte E (2004) Impact of mor-

phology and biology on the prognosis of patients with gliomas.

Medicina (Kaunas) 40(2):112–120

8. Daumas-Duport C, Varlet P, Tucker ML, Beuvon F, Cervera P,

Chodkiewicz JP (1997) Oligodendrogliomas. Part I: patterns of

growth, histological diagnosis, clinical and imaging correlations:

a study of 153 cases. J Neurooncol 34(1):37–59

9. Aroca F, Renaud W, Bartoli C, Bouvier-Labit C, Figarella-

Branger D (1999) Expression of PECAM-1/CD31 isoforms in

human brain gliomas. J Neurooncol 43(1):19–25

10. Kargiots O, Rao JS, Kryritsis AP (2006) Mechanisms of angio-

genesis in gliomas. J Neurooncol 78:281–293

11. Cavallo F, Martin-Fontecha A, Bellone M, Heltai S, Gatti E,

Tornaghi P, Freschi M, Forni G, Dellabona P, Casorati G (1995)

Co-expression of B7–1 and ICAM-1 on tumors is required for

rejection and the establishment of a memory response. Eur J

Immunol 25(5):1154–1162

12. Nishio M, Spielman J, Lee RK, Nelson DL, Podack ER (1996)

CD80 (B7.1) and CD54 (intracellular adhesion molecule-1)

induce target cell susceptibility to promiscuous cytotoxic T cell

lysis. J Immunol 157(10):4347–4353

13. Uzendoski K, Kantor JA, Abrams SI, Schlom J, Hodge JW (1997)

Construction and characterization of a recombinant vaccinia virus

expressing murine intercellular adhesion molecule-1: induction

and potentiation of antitumor responses. Hum Gene Ther

8(7):851–860

14. Salmaggi A, Eoli M, Frigerio S, Ciusani E, Silvani A, Boiardi A

(1999) Circulating intercellular adhesion molecule-1 (ICAM-1),

vascular cell adhesion molecule-1 (VCAM-1) and plasma

thrombomodulin levels in glioblastoma patients. Cancer Lett

146(2):169–172

15. Demuth T, Berens ME (2004) Molecular mechanisms of glioma

cell migration and invasion. J Neuro Oncol 70:217–228

16. Vitolo D, Paradiso P, Uccini S, Ruco LP, Baroni CD (1996)

Expression of adhesion molecules and extracellular matrix

proteins in glioblastomas: relation to angiogenesis and spread.

Histopathology 28:521–528

17. Diamond MS, Staunton DE, Marlin SD, Springer TA (1991)

Binding of the integrin Mac-1 (CD11b/CD18) to the third

immunoglobulin-like domain of ICAM-1 (CD54) and its regu-

lation by glycosylation. Cell 65:961–971

18. Kuppner MC, van Meir E, Hamou MF, de Tribolet N (1990)

Cytokine regulation of intercellular adhesion molecule-1 (ICAM-

1) expression on human glioblastoma cells. Clin Exp Immunol

81(1):142–148

19. Yamanaka R, Tanaka R, Saito T (1994) Immunohistochemical

analysis of tumor-infiltrating lymphocytes and adhesion mole-

cules (ICAM-1, NCAM) in human gliomas. Neurol Med Chir

(Tokyo) 34(9):583–587

20. Meager A, Bird C, Mire-Sluis A (1996) Assays for measuring

soluble cellular adhesion molecules and soluble cytokine recep-

tors. J Immunol Methods 191(2):97–112

21. Rice GE, Bevilacqua MP (1989) An inducible endothelial cell

surface glycoprotein mediates melanoma adhesion. Science

246:1303–1306

22. Goldberger A, Middleton KA, Oliver JA, Paddock C, Yan HC,

DeLisser HM, Albelda SM, Newman PJ (1994) Biosynthesis and

processing of the cell adhesion molecule PECAM-1 includes

production of a soluble form. J Biol Chem 269(25):17183–17191

23. Newman PJ (1997) The biology of PECAM-1. J Clin Invest

99(1):3–8

24. Albelda SM, Oliver PD, Romer LH, Buck CA (1990) EndoCAM:

a novel endothelial cell–cell adhesion molecule. J Cell Biol

110(4):1227–1237

25. Matsumura T, Wolff K, Petzelbauer P (1997) Endothelial cell

tube formation depends on cadherin 5 and CD31 interactions with

filamentous actin. J Immunol 158(7):3408–3416

26. DeLisser HM, Christofidou-Solomidou M, Strieter RM, Burdick

MD, Robinson CS, Wexler RS, Kerr JS, Garlanda C, Merwin JR,

Madri JA, Albelda SM (1997) Involvement of endothelial PE-

CAM-1/CD31 in angiogenesis. Am J Pathol 151(3):671–677

27. Kim CS, Wang T, Madri JA (1998) Platelet endothelial cell

adhesion molecule-1 expression modulates endothelial cell

migration in vitro. Lab Invest 78(5):583–590

28. Listi F, Candore G, Lio D, Cavallone L, Colonna-Romano G,

Caruso M, Hoffmann E, Caruso C (2004) Association between

platelet endothelial cellular adhesion molecule 1 (PECAM-1/

CD31) polymorphisms and acute myocardial infarction: a study

in patients from Sicily. Eur J Immunogenet 31(4):175–178

29. Matsuzawa J, Sugimura K, Matsuda Y et al (2003) Association

between K469E allele of intercellular adhesion molecule 1 gene

and inflammatory bowel disease in a Japanese population. Gut

52:75–78

30. Vora DK, Rosenbloom CL, Beaudet AL, Cottingham RW (1994)

Polymorphisms and linkage analysis for ICAM-1 and the selectin

gene cluster. Genomics 21:473–477

31. Iwao M, Morisaki H, Morisaki T (2004) Single-nucleotide

polymorphism g. 1548G [ A (E469 K) in human ICAM-1 gene

affects mRNA splicing pattern and TPA-induced apoptosis.

Biochem Biophys Res Commun 317(3):729–735

32. Verity DH, Vaughan RW, Kondeatis E, Madanat W, Zureikat H,

Fayyad F, Marr JE, Kanawati CA, Wallace GR, Stanford MR

(2000) Intercellular adhesion molecule-1 gene polymorphisms in

Behcet’s disease. Eur J Immunogenet 27(2):73–76

33. Nejentsev S, Guja C, McCormack R, Cooper J, Howson JM,
Nutland S, Rance H, Walker N, Undlien D, Ronningen KS, Tu-

omilehto-Wolf E, Tuomilehto J, Ionescu-Tirgoviste C, Gale EA,

Bingley PJ, Gillespie KM, Savage DA, Carson DJ, Patterson CC,

Maxwell AP, Todd JA (2003) Association of intercellular adhe-

sion molecule-1 gene with type 1 diabetes. Lancet 362:1723–1724

162 Clin Exp Med (2009) 9:157–163

123



34. Kretowski A, Wawrusiewicz N, Mironczuk K, Mysliwiec J,

Kretowska M, Kinalska I (2003) Intercellular adhesion molecule

1 gene polymorphisms in Graves’ disease. J Clin Endocrinol

Metab 88(10):4945–4949

35. Nejentsev S, Laaksonen M, Tienari PJ, Fernandez O, Cordell H,

Ruutiainen J, Wikstrom J, Pastinen T, Kuokkanen S, Hillert J,

Ilonen J (2003) Intercellular adhesion molecule-1 K469E poly-

morphism: study of association with multiple sclerosis. Hum

Immunol 64(3):345–349

36. Macchioni P, Boiardi L, Casali B, Nicoli D, Farnetti E, Salvarani

C (2000) Intercellular adhesion molecule 1 (ICAM-1) gene

polymorphisms in Italian patients with rheumatoid arthritis. Clin

Exp Rheumatol 18(5):553–558

37. Behar E, Chao NJ, Hiraki DD, Krishnaswamy S, Brown BW,

Zehnder JL, Grumet FC (1996) Polymorphism of adhesion

molecule CD31 and its role in acute graft-versus-host disease. N

Engl J Med 334(5):286–291

38. Serebruany VL, Murugesan SR, Pothula A, Semaan H, Gurbel

PA (1999) Soluble PECAM-1, but not P-selectin, nor osteonectin

identify acute myocardial infarction in patients presenting with

chest pain. Cardiology 91(1):50–55

39. Elrayess MA, Webb KE, Flavell DM, Syvanne M, Taskinen MR,

Frick MH, Nieminen MS, Kesaniemi YA, Pasternack A, Jukema

JW, Kastelein JJ, Zwinderman AH, Humphries SE (2003) A

novel functional polymorphism in the PECAM-1 gene (53G [ A)

is associated with progression of atherosclerosis in the LOCAT

and REGRESS studies. Atherosclerosis 168(1):131–138

40. Andreotti F, Porto I, Crea F, Maseri A (2002) Inflammatory gene

polymorphisms and ischaemia heart disease: review of population

association studies. Heart 87(2):107–112

41. Auer J, Weber T, Berent R, Lassnig E, Lamm G, Eber B (2003)

Genetic polymorphisms in cytokine and adhesion molecule genes

in coronary artery disease. Am J Pharmacogenomics 3(5):317–

328

42. Sciacca FL, Ferri C, D’Alfonso S, Bolognesi E, Martinelli

Boneschi F, Cuzzilla B, Colombo B, Comi G, Canal N, Grimaldi

LM (2000) Association study of a new polymorphism in the

PECAM-1 gene in multiple sclerosis. J Neuroimmunol

104(2):174–178

43. Al-Omaishi J, Bashir R, Gendelman HE (1999) The cellular

immunology of multiple sclerosis. J Leukoc Biol 65(4):444–452

44. Nichols WC, Antin JH, Lunetta KL, Terry VH, Hertel CE,

Wheatley MA, Arnold ND, Siemieniak DR, Boehnke M, Gins-

burg D (1996) Polymorphism of adhesion molecule CD31 is not a

significant risk factor for graft-versus-host disease. Blood

88(12):4429–4434

45. Wei H, Fang L, Chowdhury SH, Gong N, Xiong Z, Song J, Mak

KH, Wu S, Koay E, Sethi S, Lim YL, Chatterjee S (2004)

Platelet-endothelial cell adhesion molecule-1 gene polymorphism

and its soluble level are associated with severe coronary artery

stenosis in Chinese Singaporean. Clin Biochem 37(12):1091–

1097

46. Howell WM, Pead PJ, Shek FW, Rose-Zerilli MJ, Armstrong T,

Johnson CD, Fine DR, Iredale JP, Bateman AC (2005) Influence

of cytokine and ICAM-1 gene polymorphisms on susceptibility to

chronic pancreatitis. J Clin Pathol 58(6):595–599

47. Yang X, Cullen SN, Li JH, Chapman RW, Jewell DP (2004)

Susceptibility to primary sclerosing cholangitis is associated with

polymorphisms of intercellular adhesion molecule-1. J Hepatol

40(3):375–379

48. Gbadegesin RA, Cotton SA, Watson CJ, Brenchley PE, Webb NJ

(2006) Association between ICAM-1 Gly-Arg polymorphism and

renal parenchymal scarring following childhood urinary tract

infection. Int J Immunogenet 33(1):49–53

49. Sobel RA, Mitchell ME, Fondren G (1990) Intercellular adhesion

molecule-1 (ICAM-1) in cellular immune reactions in the human

central nervous system. Am J Pathol 136:1309

50. Akiyama H, Kawamata T, Yamada T, Tooyama I, Ishii T,

McGeer PL (1993) Expression of intercellular adhesion molecule

(ICAM)-1 by a subset of astrocytes in Alzheimer disease and

some other degenerative neurological disorders. Acta Neuropa-

thol 85:628
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