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Abstract

Cell adhesion molecules influence the progression of some human pathologies. The aim of our
study was to investigate the possible relationship between L-selectin Pro213Ser (P213S) gene
polymorphism and four common diseases in Romanian population (colorectal cancer, chronic
periodontitis, type 2 diabetes, metabolic syndrome). Blood samples were obtained from 770 subjects
represented by patients and controls matched by sex and age. Genomic DNA was extracted from
peripheral blood leucocytes using commercial kits and the P213S L-selectin polymorphism was
genotyped by PCR-RFLP. Statistical analysis was performed using the StatsDirect software. For
colorectal cancer (CRC), the study revealed a high frequency of the PP genotype in the control
group compared with CRC patients group (70% vs. 59.4%). The S allele may represent a risk factor
(OR = 1.59, p = 0.04) whereas the PP genotype may be protective (OR = 0.62, p = 0.04) for CRC.
We find no other significant association between P213S and investigated diseases. These findings
suggest that the P213S L-selectin gene polymorphism may contribute to the susceptibility to colorectal
cancer in Romanian patients.
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1. Introduction

L-selectin is constitutively expressed on cell surfaces of various leukocyte subpopulations
(SACKSTEIN [1]) and enables transmigration during inflammation and immune surveillance
(WEDEPOHL & al. [2]). In pathophysiologic conditions the PSGL-1/L-selectin pathway is
involved in the interaction between neutrophils present at the site of injury and endothelial
colony-forming cells, playing a key role in the regeneration of injured vessels (HUBERT &
al. [3]). In vivo experiments showed that L-selectins favor physical association of leukocytes,
platelets, tumor cells and multicellular complexes formation (BORSIG & al. [4]; JADHAV &
al. [5]; BORSIG [6]). Vascular selectins can interact with the surface molecules of these
multicellular complexes, arrest them and thus facilitate the formation of a metastatic niche
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(BENDAS & al. [7]; QIAN & al. [8]) and the hematogenous cancer dissemination
(PASCHOS & al. [9]; THOMAS & al. [10]; LAUBLI & al. [11]; THOMAS & al. [12]).
Experiments performed on some cell lines and L-selectin-deficient mice (LAUBLI & al. [13])
support the roles of adhesion molecules on promoting shear-resistant adhesive interactions
essential for metastasis (HANLEY & al. [14]; RESTO & al. [15]).

Human L-selectin gene (1q23-q25) comprises ten exons and has approximately 200
coding polymorphisms. The median exons are coding for several domains (e.g., lectin, EGF
domains) thought to play important roles in oligomerization, cells adhesion and optimal
presentation of EGF (ORD & al. [16]). The functional role of some polymorphisms mapped
in this locus is sustained by the correlations between altered structure and functions of
selectins (KANSAS & al. [17], IVETIC & al. [18]).

Recent studies have revealed different degrees of statistical association between this
locus and some diseases or pathological conditions, including insulin resistance, diabetes
mellitus (KRETOWSKI & al. [19], LIU & al. [20]) and its chronic complications
(KAMIUCHI & al. [21], STAVARACHI & al. [22], KAMIUCHI & al. [23]), cardiovascular
diseases (TIMASHEVA & al. [24], ZHANG & al. [25], NASIBULLIN & al. [26], WEI & al.
[27]), periodontitis (HOUSHMAND & al. [28]) and cancer (CHANG & al. [29], AREF & al.
[30], BURDICK & al. [31], SLATTERY & al. [32]). However, so far, only few data have
been available, regarding the involvement of L-selectin in human colorectal cancer and
metabolic syndrome.

The goal of this study was to analyze the relation between P213S L-selectin gene
polymorphism (rs2229569) and four common diseases in Romanian population.

2. Materials and Methods

Subjects

Between January 2011 and June 2015, clinical data and blood samples were collected
from 770 unrelated volunteers from two Bucharest’s hospitals (“N. Paulescu” Institute of
Diabetes Nutrition and Metabolic Diseases and Colentina Clinical Hospital) in accordance with
the Declaration of Helsinki. Subjects were assigned into four lots: patients with colorectal
cancer (CRC), metabolic syndrome (MS), chronic periodontitis (CP), type 2 diabetes with
macroalbuminuria (T2DM-M) and corresponding healthy control lots (CRCec, T2DM-Mc,
MSec, CPc). The characteristics of the eight groups are shown in Table 1.

Table 1. Characteristics of analyzed subjects

Lots Median age Interval Men / Women
CRC 62.5 51-79 95/85
CRCc 59.05 46-67 95/85
T2DM-M 56.7 47-64 41/44
T2DM-Mc 55.1 46-60 41/44
MS 48.2 42-57 21/19
MSc 47.2 40-54 21/19
CP 41.5 35-52 40/40
CPc 413 36-48 40/40
Total 54.31 35-79 394 /376
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DNA isolation and genotyping

Peripheral blood samples of all the participants (0.5 ml) were collected in tube
containing EDTA. DNA was extracted from blood using the Genomic DNA Purification Kit
(Thermo Fisher Scientific, Waltham, USA). PCR-RFLP was used to detect the P213S L-selectin
gene polymorphism. Briefly, about 60 ng DNA were amplified in a final volume of 10 pL,
containing 1xPCR buffer, 1.5 mmol/L MgCI2, 1 unit Taqg DNA polymerase, 100 umol/L
dNTP, and 0.5 umol/L of each primer (forward 5-TGATTCAGTGTGAGCCTTTG-3’and
reverse 5’-CTTGACAGGTTGGTTCTG-3) (KAMIUCHI & al. [21]). The PCR program
consists of an initial melting step of 2 min at 940C, 30 cycles [1 min at 940C, 50 sec. at 590C,
40 sec at 720C] and a final elongation step of 1 min at 720C. The digestion reaction was
performed with SU Hphl enzyme (New England Biolabs, Inc. Beverly, USA) for at least
5 hours. The restriction products (186 / 144 / 42 pb. length) were resolved on PAGE (8%) and
were visualized after ethidium bromide staining.

Statistical analysis

Statistical analysis was performed using StatsDirect (version 2.8.0) software (StatsDirect
LTD). Hardy—Weinberg equilibrium condition was tested for alleles and genotypes distribution.
Chi-square test (y2) and Armitage’s trend test were used to compare the distribution of
genotypes and alleles in patients and control groups. Odds ratios (ORs) and 95% confidence
intervals (Cls) were calculated using contingency tables. A p value < 0.05 was considered
statistically significant.

3. Results and Conclusions

The most important roles of L-selectin are related to molecular adhesions, inflammation
and immune surveillance (PATEL & al. [33]). The high degree of similarity between central
part of L-selectin and its homologues (BEVILACQUA & al. [34]) suggests the important
functions of this region has. Polymorphisms from this region may have pathophysiologic
consequences directly (e.g. by binding to a novel ligand) or indirectly (by inducing
conformational changes of binding domains).

Till now, such polymorphisms were reported to be associated with some disease.
For example, T668C polymorphism (F206L) was associated with type 1 diabetes mellitus
(KRETOWSKI & al. [19]) or atherosclerosis (BLANKENBERG & al. [35]) and the P213S
polymorphism (ORD & al. [16]) with coronary artery disease (XIA & al. [36]), diabetic
nephropathy (KAMIUCHI & al. [21], PANDURU & al. [37]) or spinal muscular atrophy
(STAVARACHI & al. [38]).

In the present study, the distribution of P213S L-selectin gene polymorphism (Table 2)
was in accordance to Hardy-Weinberg equilibrium expectation in all groups excepting the lot
of metabolic syndrome (y2 = 4.44, p = 0.04). Deviations from Hardy-Weinberg equilibrium
(HWE) may bias the estimate of genetic effect in this lot.

For colorectal cancer, the distribution of P213S alleles between the two lots is different
(p = 0.03). The S allele may represent a risk factor (OR = 1.59, p = 0.04) whereas the PP
genotype may be protective (OR=0.62, p = 0.04) for CRC. After we applied Yate’s correction,
because the small number of SS genotypes, we observed that p value remains under 0.05.
To our knowledge, there is no other similar study regarding the involvement of L-selectin
gene in human colorectal cancer. The level of both, expression and glycosylation of various
cells surface molecules is altered during malign transformation and, thus, new molecular
interactions become possible. The pathogenic mechanism involved in tumorigenesis may be
related to the inability of optimal expression of adhesion molecules, including L-selectin.
The P213S substitution may affect recognition, interactions and activation of this selectin.
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Table 2. Genotypes and alleles distribution of P213S L-selectin gene polymorphism
in the lots of patients and healthy controls.

Lots Genotype Allele
PP PS sS P s
RC 107 65 8 279 81
(59.45%) | (6.11%) | d44%) | (77.5%) (22.5%)
CRCe 126 50 4 302 58
(70%) Q778%) | (222%) | (83.88%) (16.12%)
o ) 3 6 116 44
(52.5%) (40%) (7.5%) (72.5%) (27.5%)
e 49 25 6 123 58
6125%) | (3125%) | (7.5%) (76.8%) (23.2%)
. 20 20 0 60 20
(50%) (50%) (0%) (75%) (25%)
"o 26 13 1 65 15
(65%) (32.5%) 2.5%) | (81.25%) (18.75%)
49 33 3 131 39
T2DM-M (57.7%) (38.8%) (3.5%) (77.1%) (22.9%)
37 5) 6 116 54
T2D-Mc (43.5%) (49.4%) (7.1%) (68.2%) (31.8%)

* Distribution with significant deviation from Hardy Weinberg equilibrium p < 0.04

In this study we didn’t find a significant association between P213S polymorphism
and chronic periodontitis developed in nondiabetic subjects. Periodontal diseases facilitate
penetration of specific pathogens and their toxins into the body (SALVI & al. [39]).
The mechanisms by which the host responds to these factors facilitate the removal of
pathogens, stimulate tissue repair, regeneration and expansion of inflammatory processes (low
grade infection of periodontitis may contribute to low grade systemic inflammation). Chronic
activation of this mechanism can have systemic effects (LOOS [40], BANSAL & al. [41],
OREILLY & al. [42]) which may contribute to pathophysiology of diseases characterized by
inflammation (e.g. metabolic syndrome, diabetes) (GURAV & al. [43], MEALEY & al. [44],
TAYLOR & al. [45]). The bidirectional relationship (GROSSI & al. [46], CHEE & al. [47],
LAKSCHEVITZ & al. [48], PRESHAW & al. [49]) between periodontitis and metabolic
disorders is supported by clinical and epidemiological data (IDE & al. [50]), the meta-analysis
(PAPAPANOU & al. [51], CHAVARRY & al. [52], TEEUW & al. [53]) and studies in
animal models (KIM & al. [54]).

Previous studies reported that polymorphisms of this locus may be associated with
cavities or missing teeth in Romanian patients with diabetes mellitus type 1 (CRISTESCU &
al. [55]), but not with periodontitis in Iranian patients (HOUSHMAND & al. [56]). Thus,
the L-selectin gene polymorphisms are not risk factors for periodontitis in Romanian and
Iranian populations.

P213S polymorphism was also associated with low birth weight (DERZBACH [57])
which may be considered a risk factor for metabolic abnormalities in adult life (KAJANTIE
& al. [58], PILGAARD & al. [59]).

In this study we didn’t find a significant association between this polymorphism and
metabolic syndrome or T2DM. The result was not changed even if the subjects were stratified
by sex. Overall, the results of this study in conjunction with those previously published
(STAVARACHI & al. [22]) indicate a lack of association between P213S polymorphism and
T2DM regardless of renal involvement in Romanian subjects. However, these results are not
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in agreement with the data published for Asiatic patients which suggested that P variant or PP
genotype are risk factors for T2DM (XU & al. [60]) and for diabetic nephropathy (LI & al.
[61]). These discrepancies may be partially explained by differences in both study design and
genetic background of investigated populations.

In conclusion, this is the first study which showed a possible association between
P213S L-selectin gene polymorphism and risk for CRC. In our country, we didn’t find an
association with chronic periodontitis, metabolic syndrome, or type 2 diabetes mellitus with
renal involvement.
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