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Abstract
The receptor for the advanced glycation end products (RAGE) is a multiligand transmembrane receptor involved in chronic 
inflammation whose specific polymorphisms of the promoter gene were found to increase its transcriptional activity. We 
investigated the association of both allelic and genotypic -374T/A and -429T/C polymorphisms with inflammatory bowel 
disease. The STREGA guidelines were applied for planning and reporting. We enrolled 133 patients with Crohn’s disease 
(CD), 149 with ulcerative colitis (UC), and 128 blood donors. Genomic DNA was extracted from peripheral blood leukocytes 
collected from each patient and control. RAGE polymorphisms were analyzed by PCR-restriction fragment length polymor-
phism assay. The Hardy–Weinberg equilibrium was first assessed, and then, the Kruskal–Wallis test and the Fisher exact 
test were used for etiologic group comparisons. Distribution of patients’ characteristics across genotypes was evaluated by 
the Fisher exact test, while that across alleles was analyzed with a probit model. A 2-sided value of p < 0.05 was considered 
significant. Following the evidence of the Hardy–Weinberg equilibrium, we found a higher prevalence of the allele A of the 
-374T/A haplotype in UC (p = 0.043), and of the allele C of the -429T/C haplotype in CD (p < 0.001) with respect to the other 
groups. Moreover, the homozygous AA genotype of the -374T/A polymorphism resulted associated with late onset of CD, 
while its TT genotype with early onset (p = 0.049). The allele C of the 429T/C haplotype was associated with early onset of 
UC (p = 0.03), while a higher frequency of the heterozygous TC haplotype was found in those with pancolitis (p = 0.026). 
The differing distribution of these polymorphisms in healthy donors and CD/UC patients suggests a role in the development 
and outcome of these pathological conditions.
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Abbreviations
CD	� Crohn’s disease
CAI	� Clinical activity index
CDAI	� Crohn’s disease activity index
IBD	� Inflammatory bowel diseases
RAGE	� Receptor for the advanced glycation end products
UC	� Ulcerative colitis

Introduction

A complex interplay between a peculiar genetic background 
and an imbalanced immune response toward components of 
the gut microbiota accounts for the development of inflam-
matory bowel diseases (IBD), namely Crohn’s disease 
(CD) and ulcerative colitis (UC) [1]. In recent years, great 
strides have been made to unravel the players responsible 
for triggering and sustaining tissue damage, whose targeted 
block is considered the best therapeutic strategy [2]. In 
parallel, the genome-wide association studies have led to 
the identification of more than 200 loci [3, 4], of which the 
most important is the NOD2 region encoding an intracel-
lular pattern recognition receptor with a potent ability to 
induce autophagy [5], a pathway playing a crucial role in the 
host–microbiota interaction [6]. Nonetheless, the full cel-
lular and molecular network involved in the inflammatory 
cascade is still largely unknown.

Growing evidence indicates the receptor for the advanced 
glycation end products (RAGE) as a key molecule involved 
in chronic inflammation and cancer [7]. It is a transmem-
brane receptor normally expressed at low levels on a wide 
range of differentiated cells, having the ability to bind a 
broad spectrum of ligands by virtue of the structure of its 
extracellular domain which recognizes a three-dimensional 
configuration rather than a specific amino acid sequence [8]. 
Upon activation, RAGE induces the synthesis of several pro-
inflammatory molecules which, in turn, increase its expres-
sion on cellular surface, with the end result of magnifying 
rather than dampening inflammation [9]. The cleavage of its 
extracellular domain by matrix metalloproteinases causes 
the release of its soluble form, which plays a protective role 
by preventing the engagement of RAGE by its ligands [10]. 
Among them, the high-mobility group B-1 proteins and 
S100/calgranulins have already been found up-regulated in 
IBD [11, 12], and the inhibition of RAGE–ligand interaction 
was proved successful in an experimental model of CD [13].

The human RAGE gene is located on chromosome 
6p21.3, in the so-called class III of the major histocompat-
ibility complex [14], and several polymorphisms have been 
identified, although most of them are located in non-coding 
regions and, then, not affecting its transcriptional activity 
[15]. Within those with functional aftermath properties, 
the single-nucleotide polymorphisms at the -374 (A allele, 

wild-type T allele) and -429 (C allele, wild-type T allele) 
of the promoter region have been shown to increase pro-
tein synthesis threefold and twofold, respectively [16]. It is 
conceivable, therefore, that subjects carrying these genetic 
variations are at a higher risk of developing chronic inflam-
mation, as already found in patients suffering from multiple 
sclerosis [17] and lupus [18]. So far, little information is 
available on the possible association of such polymorphisms 
with IBD. Specifically, the only evidence available in a Cau-
casian population (from Germany and USA) is related to the 
-374T/A polymorphism, which was found to be negatively 
associated with CD and its stricturing phenotype [19]. A 
further study was carried out in an Asian population (from 
China) where three RAGE single-nucleotide polymorphisms 
(-429T/C, -374T/A, G82S) were assessed in a large cohort of 
UC patients with respect to control subjects [20]. The results 
showed that the 82(GS + SS) genotype of the G82S haplo-
type represents a risk factor for UC, while no association 
was found with the -374T/A and -429T/C polymorphisms 
[20]. We sought to investigate, therefore, the distribution of 
both -374T/A and -429T/C genetic and allelic frequencies 
within a cohort of Italian CD and UC patients in comparison 
with healthy population, and searched for a possible correla-
tion with relevant clinical features, in order to eventually use 
these polymorphisms as new biomarkers to predict disease 
course and severity.

Methods

Study population

All cases admitted at the IBD Unit of the Department of 
Internal Medicine of I.R.C.C.S. Policlinico San Matteo 
Foundation (Pavia, Italy) were consecutively screened 
until at least the prefixed sample size for each cohort was 
achieved. In all patients enrolled, the diagnosis of either CD 
or UC had been established according to widely accepted 
criteria [21, 22] and confirmed at pathology. Specifically, 
according to the Montreal classification [23], in CD we 
considered four categories of disease location (L1: terminal 
ileum; L2: colon; L3: ileo-colon; L4: upper intestine), and 
three phenotypes (B1: non-stricturing–non-penetrating; B2: 
stricturing; B3: penetrating), while in UC, three categories 
of disease extension were used (E1: proctitis; E2: left-sided; 
E3: pancolitis). Moreover, in both CD and UC patients, the 
presence of extraintestinal manifestations, i.e., arthropathy, 
metabolic bone disease, cutaneous and ocular manifesta-
tions, hepatobiliary disease, venous thromboembolism, and 
others according to the European Consensus statements 
[24], as well as the clinical indexes of disease activity, i.e., 
the CD activity index (CDAI) [25] and the clinical activity 
index (CAI) [26] for UC, was also routinely evaluated. In 
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parallel, blood donors admitted at the Immunotransfusional 
Unit of the I.R.C.C.S. Policlinico San Matteo Foundation 
(Pavia, Italy) on each Monday morning (e.g., when a quali-
fied person of the IBD Unit was available to go there for 
recruitment) were consecutively screened in order to find 
race-matched control cases until at least the prefixed sample 
size was achieved. Exclusion criteria included the presence 
of neurological or cardiovascular diseases, diabetes, acute 
systemic illnesses, and previous or current history of cancer. 
Each patient and control gave written informed consent to 
participate in the study, and approval by the ethics commit-
tee was obtained.

Polymorphism genotyping

Peripheral whole blood samples harvested in Vacutainer 
tubes containing ethylenediaminetetraacetic acid as antico-
agulant were collected from each IBD patient and control 
subject and used to isolate mononuclear cells by means of 
Ficoll density gradient centrifugation (Ficoll-Paque PLUS, 
Amersham Biosciences, Bucks, UK). Genomic DNA was 
then obtained from each cellular suspension by using a DNA 
extraction kit (GFX, Amersham Biosciences, Piscataway, 
NJ, USA) according to the manufacturer’s instructions. The 
A-T and the C-T transversion polymorphisms, at position 
-374 and -429, respectively, in the promoter region of the 
RAGE gene, were performed at the Interdepartmental Center 
for Research in Molecular Medicine of the University of 
Pavia (Italy) by applying the polymerase chain reaction-
restriction fragment length polymorphism technique. Briefly, 
a 671-bp fragment of the RAGE promoter gene that con-
tains both polymorphisms was amplified using the following 
primers: forward 5′-CCT​GGG​TTT​AGT​TGA​GAA​TTT​TTT​
-3′ and reverse 5′-GAA​AGG​CAC​TTC​CTC​GGG​TTCT-3′. 
The thermocycling conditions were as follows: a denaturing 
step of 94 °C for 2 min, followed by 30 cycles of 94 °C for 
30 s, a cycle of 58 °C for 30 s, followed by 72 °C for 1 min, 
and a final incubation at 72 °C for 10 min. After ampli-
fication, the products were digested using Tsp509 I (New 
England Biolabs, Beverly, MA, USA) for 16 h at 65 °C and 
then run on an ethidium bromide-stained 3% agarose gel 
and read using an UV transilluminator. The Tsp509 I diges-
tion of the 671-bp fragments were cut into 5 fragments of 
284, 217, 110, 44, and 16 bp for the T allele, or 4 fragments 
of 327, 284, 44, and 16 bp for the A allele. The -429C/T 
polymorphism was analyzed by applying the same primers 
and technique and thermocycling program as the -374 poly-
morphism. The amplified segment of 671 bp was digested 
with Alu I (New England Biolabs) overnight at 37 °C and 
run on an ethidium bromide-stained 3% agarose gel and read 
using an UV transilluminator. The fragment of 671 bp was 
cut into two fragments (590 bp and 81 bp) only in the pres-
ence of the C allele. To reduce the possibility of genotyping 

errors, all results were independently scored by two blinded 
investigators. In case of ambiguous result, the sample was 
analyzed a second time.

Statistical analysis

The study protocol and reporting were developed according 
to the STREGA guidelines for case–control studies [27]. 
Continuous variables were described by using the median 
and 25th–75th percentiles, while categorical data as counts 
and percentage. The presence of Hardy–Weinberg equilib-
rium within each cohort was first tested. The Kruskal–Wallis 
test and the Fisher exact test were applied for comparisons 
between etiologic groups (controls, CD, UC). We also com-
pared patients’ characteristics distribution across genotypes 
with the Fisher exact test and across alleles with a probit 
model; in this case, we computed Huber–White robust 
standard errors to account for intra-patient correlation of 
measures. We used Stata 15.1 (StataCorp, College Station, 
TX, USA) for computation. A 2-tailed p value < 0.05 was 
considered statistically significant. For post hoc comparisons 
between etiologies, we set significance at 0.017, according 
to the Bonferroni correction.

Results

Study population

A final cohort of 133 CD and 149 UC adult patients, all of 
Caucasian origin, were consecutively recruited between Janu-
ary 1, 2015, and December 31, 2018 (see the flow diagram 
in Fig. 1). A race-matched cohort of 161 adult blood donors 
were recruited as control population. Their demographic and 
clinical features were assessed at the time of enrollment and 
are shown in Table 1. A statistically significant difference in 
age at enrollment among the three groups and between CD 
versus UC patients, being UC cases older than all the others, 
was clearly evident. By contrast, no significant difference was 
found for age at diagnosis between CD and UC patients, thus 
highlighting that UC patients had a longer disease duration. 
However, when considering the proportion of cases experienc-
ing disease onset over the age of 40 years, a greater although 
not statistically different percentage of UC patients (44%) 
had had disease onset over the age of 40 in comparison with 
CD (32%). Moreover, a prevalence of male in the UC group 
was found with respect to both CD (p = 0.012) and control 
(p < 0.001) groups. As far as CD location [23] is regarded, 
as expected [28], a prevalence of the ileo-colonic site (54%) 
was found, followed by the colonic (31%) and terminal ileum 
(13%) localization, with the upper gastrointestinal involve-
ment affecting only a few patients (2%). When evaluating the 
CD behavior [23], almost half cases showed the inflammatory 
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phenotype (B1) and more than one-third displayed the stric-
turing one (B2), with only a small proportion displaying the 
penetrating pattern (B3). Moreover, in both IBD groups, the 
clinical activity scores were coherent with an active phase 
of the disease (median CDAI value: 213, 110–322, range 
76–438—median CAI: 8.1, 4.8–12.1, range 1–16). In the UC 
cohort, half cases suffered from pancolitis (48%) and almost all 
the other had left colitis (46%), with a small proportion having 
proctitis (6%); this is why we chose to pool together these latter 
two subgroups (Table 1). The presence of only a few patients 
with proctitis is consistent with the expected distribution of 
UC extension [29] in patients with a long-lasting duration of 
the disease approaching 10 years (121 months), since the sur-
face of involved bowel naturally progresses proximally [22]. 
Finally, a similar frequency of extraintestinal manifestations 
between the two diseased groups was also evident (Table 1). 

Polymorphisms frequency in the study population

The genotypic distribution of both -374T/A and -429T/C 
polymorphisms of the RAGE promoter gene in IBD patients 
and controls was in Hardy–Weinberg equilibrium (Table 2).

As shown in Table 3, we found a significant difference of 
the genotype distribution of the -374T/A haplotype within 
IBD and control groups (p = 0.043), with a higher prevalence 
of the homozygous AA genotype in IBD patients and of the 
homozygous TT genotype in controls, while the prevalence 
of the heterozygous AT genotype was comparable between 
groups. Correspondingly, the T allele frequency was higher 
in controls, while the A allele was associated with IBD 
(p = 0.012). When splitting the IBD group according to the 
diagnosis, we did not elicit a significant association with the 
genotype (p = 0.130), while a weak association was observed 
with the allele frequency, being the allele A prevalent in 
UC and the allele T prevalent in CD and control groups 
(p = 0.043). After Bonferroni correction, a statistical sig-
nificant difference was found between UC versus both CD 
(p = 0.040) and control (p = 0.024) groups.

As regards the -429T/C polymorphism (Table 4), we did 
not observe any association of single genotypes with IBD 
or control group (p = 0.104), while a higher frequency of 
the allele T in IBD was found (p = 0.032). When consider-
ing each etiologic group separately, we observed a highly 
significant association (p < 0.001) with both genotype and 
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allele frequency. In both cases, post hoc comparisons elic-
ited significant differences in distribution between CD and 
UC (p = 0.001 for both genotype and allele distribution) and 
between CD and controls (p = 0.001 for both genotype and 
allele distribution), but not between controls and UC. Spe-
cifically, CD patients had a lower rate of the TT genotype 
and a higher frequency of the C allele than both controls 
and UC patients.

Association with disease clinical features

As shown in Table 3, in the CD group the homozygous 
AA genotype and the allele A of the -374T/A polymor-
phism appeared significantly associated with an age older 
than 40 years at onset (p = 0.049 and 0.012, respectively), 

whereas the homozygous TT genotype and the allele T 
were associated with age younger than 40 years at onset. 
By contrast, no association was found between these poly-
morphisms and corresponding alleles with age of onset in 
our cohort of UC patients. As far as the -429 T/C haplo-
type and its alleles are regarded (Table 4), while similar 
frequencies in the two subgroups of age at onset were found 
in CD, in UC the allele C appeared associated with an age 
at onset below 40 years (p = 0.03). Moreover, no association 
of either -374T/A or -429T/C polymorphisms and their rela-
tive alleles was found with either CD location or behavior 
(Tables 3, 4), while in UC, a higher frequency of the het-
erozygous TC haplotype of the -429T/C polymorphism was 
found in those with pancolitis (p = 0.026; Table 4). Consid-
ering the chronic and remitting/relapsing character of IBD, 
we did not search for any association of genetic polymor-
phisms of the RAGE promoter gene with disease clinical 
activity indexes, since these latter may change at any time, 
whereas the genetic susceptibility is stable throughout the 
life of the patients. Finally, no association with the presence 
or absence of extraintestinal manifestations was found for 
both haplotypes and their alleles in both pathological condi-
tions (Tables 3, 4).

Table 1   Demographic and clinical features of study cohort

Bold values indicate statistically significant results
Data are expressed as median (25th–75th percentiles) for continuous variables and as counts (percentages) for categorical data. Crohn’s disease 
location and behavior are referred according to Montreal classification, as follows: L1: terminal ileum; L2: colon; L3: ileo-colon; L4: upper gas-
trointestinal location; B1: non-stricturing–non-penetrating; B2: stricturing; B3: penetrating (see Reference no. [23])
CD Crohn’s disease, UC ulcerative colitis

Controls
(n = 161)

Crohn’s disease
(n = 133)

Ulcerative colitis
(n = 149)

p value
(all)

p value
(CD vs UC)

Age in years 37 (24–50) 40 (28–51) 48 (36–60) 0.003 < 0.001
Age at diagnosis in years – 29 (22–45) 35 (25–43) – 0.082
Disease duration in months – 72 (25–168) 121 (37–216) – 0.028
Body mass index as weight in kilos/

height2
22.4 (19.6–25.1) 21.7 (18.9–23.4) 22.0 (19.3–24.0) 0.427 0.387

Male 62 (38%) 64 (48%) 94 (63%) < 0.001 0.012
Age at onset > 40 years 34 (32%) 40 (44%) – 0.779
Crohn’s disease location – – – –
 L1 16 (13%)
 L2 37 (31%)
 L3 66 (54%)
 L4 2 (2%)

Crohn’s disease behavior – – – –
 B1 65 (49%)
 B2 52 (39%)
 B3 16 (12%)

Ulcerative colitis extension – – – –
 Proctitis and left colitis 70 (52%)
 Pancolitis 64 (48%)

Extraintestinal manifestation – 41 (31%) 37 (25%) – 0.287

Table 2   Hardy–Weinberg equilibrium assessment

Data are expressed as p values

Polymorphisms Controls Crohn’s disease Ulcerative colitis

RAGE-374T/A 0.743 0.107 0.412
RAGE-429T/C 0.742 0.270 0.482
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Discussion

Genes encoding for immunoregulatory molecules constitute 
important candidate susceptibility loci for IBD [3, 4], whose 
whole pathogenic mechanism is still under investigation [1]. 
Recently, a potential role of the RAGE pathway in chronic 
inflammation that sustains IBD has been suggested [30], and 
a significant increase in serum levels of its soluble form 
which correlates with disease activity in UC patients has 
been also found [31]. In physiological conditions, RAGE is 
constitutively expressed at low levels in all tissues includ-
ing intestinal epithelium and immune cells [8], but upon 
engagement with its natural ligands, its expression becomes 
significantly enhanced with the end result of magnifying 

rather than dampening the inflammatory cascade [9]. Thus, 
it appears as a super-molecule involved in sustaining inflam-
matory cascade in any organ or tissue. Other than by the 
accumulation of its ligands, an up-regulation of RAGE on 
the cellular surface may be triggered by the presence of 
specific polymorphisms in the promoter region of its gene, 
which may prime tissues to an exaggerated immune response 
toward those antigens which are usually tolerated. In this 
regard, our study investigated the possible relationship 
between the two functional polymorphisms known to up-
regulate RAGE expression [15], i.e., -374T/A and -429T/C, 
with IBD. We found that the frequency of both the A allele 
and AA homozygous genotype of the -374T/A variant was 
prevalent in IBD patients, and mostly in those with UC, 

Table 3   Genotype distribution 
and allelic frequency of RAGE-
374T/A haplotype according 
to clinical features in Crohn’s 
disease, ulcerative colitis, and 
control groups

Bold values indicate statistically significant results
Data are expressed as count (percentage). Crohn’s disease location and behavior are referred according to 
Montreal classification, as follows: L1: terminal ileum; L2: colon; L3: ileo-colon; L4: upper gastrointesti-
nal location; B1: non-stricturing–non-penetrating; B2: stricturing; B3: penetrating (see Reference no. [23])
Allele frequency: CD versus control p = 0.97; CD versus UC p = 0.040; UC versus control p = 0.024
IBD inflammatory bowel disease
*Post hoc comparisons (significance at 0.017 after Bonferroni correction)

AA
(n = 92)

AT
(n = 199)

TT
(n = 152)

p value Allele A
(n = 383)

Allele T
(n = 503)

p value

Control/IBD 0.043 0.012
 Control 53 (18) 130 (44) 111 (38) 236 (40) 352 (60)
 IBD 39 (26) 69 (46) 41 (28) 147 (49) 151 (51)

Etiology 0.130 0.043*
 Control 27 (17) 75 (46) 59 (37) 129 (40) 193 (60)
 Crohn’s disease 26 (20) 55 (41) 52 (39) 107 (40) 159 (60)
 Ulcerative colitis 39 (26) 69 (46) 41 (28) 147 (49) 151 (51)

Crohn’s disease age at onset 0.049 0.012
 ≤ 40 years 8 (11) 30 (41) 35 (48) 46 (32) 100 (68)
 > 40 years 9 (26) 16 (47) 9 (27) 34 (50) 34 (50)

Crohn’s disease location 0.977 0.842
 L1 4 (25) 6 (38) 6 (37) 14 (44) 18 (56)
 L2 7 (19) 17 (46) 13 (35) 31 (42) 43 (58)
 L3 11 (17) 30 (45) 25 (38) 52 (39) 80 (61)
 L4 0 (0) 1 (50) 1 (50) 1 (25) 3 (75)

Crohn’s disease behavior 0.463 0.955
 B1 11 (17) 29 (45) 25 (38) 51 (39) 79 (61)
 B2 13 (25) 17 (33) 22 (42) 43 (41) 61 (59)
 B3 2 (13) 9 (56) 5 (31) 13 (41) 19 (59)

Ulcerative colitis age at onset 0.384 0.231
 ≤ 40 years 21 (26) 36 (46) 22 (28) 78 (49) 80 (51)
 > 40 years 6 (15) 21 (52) 13 (33) 33 (41) 47 (59)

Ulcerative colitis extension 0.663 0.434
 Proctitis and left colitis 15 (22) 33 (47) 22 (31) 63 (45) 77 (55)
 Pancolitis 18 (28) 28 (44) 18 (28) 64 (50) 64 (50)

Extraintestinal manifestation 0.692 0.826
 No 46 (22) 93 (46) 65 (32) 185 (45) 223 (55)
 Yes 19 (24) 31 (40) 28 (36) 69 (44) 87 (56)
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whereas the control and Crohn’s groups preferentially car-
ried the wild-type -374T allele. While the protective role 
of the AA genotype in the prevention of myocardial infarc-
tion has been already established in a population carrying 
a similar genetic background [32, 33], only scant informa-
tion is available as regards its association with autoimmune 
diseases. For instance, in systemic lupus erythematosus, a 
chronic inflammatory condition [34] which shares several 
pathogenic mechanisms with CD [21], the T allele was 
significantly prevalent [18], whereas a higher frequency of 
the TT genotype was observed in patients suffering from 

multiple sclerosis [17]. In this regard, our evidence of a low 
prevalence of the allele T in UC represents a novel find-
ing. As far as the -429T/C polymorphism is concerned, 
the frequency of both C allele and CC genotype was sig-
nificantly higher in CD patients as compared to UC patients 
and controls who displayed similar values, and where the 
CC homozygous genotype was almost completely absent. 
This result was in keeping with the evidence of a higher 
frequency of the C allele in lupus and related nephritis [18], 
but at variance with multiple sclerosis where no difference 
with general population was found [17]. Remarkably, the 

Table 4   Genotype distribution and allelic frequency of RAGE-429T/C haplotype according to clinical features in Crohn’s disease, ulcerative 
colitis, and control groups

Bold values indicate statistically significant results
Data are expressed as count (percentage). Crohn’s disease location and behavior are referred according to Montreal classification, as follows: L1: 
terminal ileum; L2: colon; L3: ileo-colon; L4: upper gastrointestinal location; B1: non-stricturing–non-penetrating; B2: stricturing; B3: penetrat-
ing (see reference no. 23)
Genotype distribution: CD versus control p < 0.001; CD versus UC p = 0.001; UC versus control p = 0.54
Allele frequency: CD versus control p < 0.001; CD versus UC p = 0.001; UC versus control p = 0.94
IBD inflammatory bowel disease
*Post hoc comparisons (significance at 0.017 after Bonferroni correction)

CC (n = 18) TC (n = 121) TT (n = 304) p value Allele C (n = 157) Allele T (n = 729) p value

Control/IBD 0.104 0.032
 Control 14 (5) 88 (30) 192 (65) 116 (20) 472 (80)
 IBD 4 (3) 33 (22) 112 (75) 41 (14) 257 (86)

Etiology < 0.001* < 0.001*
 Control 2 (1) 41 (26) 118 (73) 45 (14) 277 (86)
 Crohn’s disease 12 (9) 47 (35) 74 (56) 71 (27) 195 (73)
 Ulcerative colitis 4 (3) 33 (22) 112 (75) 41 (14) 257 (86)

Crohn’s disease age at onset 0.160
 < 40 years 9 (12) 27 (37) 37 (51) 45 (31) 101 (69)

≥ 40 years 3 (9) 8 (23) 23 (68) 0.279 14 (21) 54 (79)
Crohn’s disease location 0.444 0.219
 L1 0 (0) 4 (25) 12 (75) 4 (13) 28 (87)
 L2 6 (16) 11 (30) 20 (54) 23 (31) 51 (69)
 L3 5 (8) 25 (38) 36 (54) 35 (27) 97 (73)
 L4 0 (0) 1 (50) 1 (50) 1 (25) 3 (75)

Crohn’s disease behavior 0.978 0.973
 B1 6 (9) 22 (34) 37 (57) 34 (26) 96 (74)
 B2 5 (10) 18 (34) 29 (56) 28 (27) 76 (73)
 B3 1 (6) 7 (44) 8 (50) 9 (28) 23 (72)

Ulcerative colitis age at onset 0.119 0.030
 ≤ 40 years 4 (5) 20 (25) 55 (70) 28 (18) 130 (82)
 > 40 years 0 (0) 6 (15) 34 (85) 6 (8) 74 (92)

Ulcerative colitis extension 0.026 0.744
 Proctitis and left colitis 4 (6) 11 (16) 55 (78) 19 (14) 121 (86)
 Pancolitis 0 (0) 19 (30) 45 (70) 19 (15) 109 (85)

Extraintestinal manifestation 0.686 0.646
 No 12 (6) 55 (27) 137 (67) 79 (19) 329 (81)
 Yes 4 (5) 25 (32) 49 (63) 33 (21) 123 (79)
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in vitro evaluation of the RAGE gene promoter activity in 
cells transfected with the -429C allele was found to be higher 
as compared to cells transfected with the wild-type -429T 
allele [35]. However, since both the -374T/A and -439T/C 
polymorphisms have been shown to exert significant effects 
on the transcriptional activity of the RAGE gene [16], our 
results raise the question of how and how much these pol-
ymorphisms may affect the risk of developing IBD. It is 
conceivable that in the case of an abnormal accumulation 
of natural ligands in the gut mucosa, as already found in 
IBD [11, 12], the presence of a specific genetic susceptibil-
ity leading to an increased transcription of the receptor on 
both epithelial and immune cells might, in turn, cause an 
increased production of those pro-inflammatory molecules 
through the activation of the nuclear factor kappa B [36], 
such as tumor necrosis factor-α, interleukin-17, transform-
ing growth factor-β, and nitric oxide, ultimately leading to 
tissue damage [1]. Accordingly, the use of laquinimod (TV-
5600, Teva Pharmaceutical Industries Ltd., Israel), an oral 
quinolone-3-carboxide oral small molecule with the capabil-
ity of inhibiting the interaction of S100A9 with both toll-
like receptor-4 and RAGE, thus preventing the downstream 
release of inflammatory cytokines [2], has been successfully 
tested in immune-mediated conditions such as multiple scle-
rosis, lupus nephritis, and CD [37]. Thus, the possibility of 
blocking RAGE cognate interaction with its ligands seems 
an ideal therapeutic tool in those conditions characterized by 
chronic inflammation, independently from the target organ 
[38].

Finally, in order to assess whether these functional 
RAGE polymorphisms were clinically relevant, we inves-
tigated their relationship with those features usually evalu-
ated in the management of IBD patients [39]. Specifically, 
we considered the activity, duration, behavior, localiza-
tion, age at onset, and occurrence of extraintestinal mani-
festations. A prevalence of the AA homozygous genotype 
of the -374T/A polymorphism in patients with late onset 
of CD and of the TT haplotype with early onset of the 
disease is worthy of note, while no association with age 
at onset in the UC group was found. By contrast, the C 
allele of the -429T/C polymorphism was found robustly 
associated with those UC patients with young age at onset, 
while a higher frequency of the heterozygous TC haplo-
type was found in those with pancolitis; conversely, no 
association with age at onset of CD cases was found. It is 
arguable, therefore, that the presence of a double dose of 
the wild-type T allele could play a protective role against 
the development of the disease at an early age, a feature 
which is known to be associated with a more aggressive 
pattern. Moreover, it appeared to be more frequently asso-
ciated with those UC patients with left-side colitis, thus 
reinforcing the idea that the wild type may also prevent 

the development of an extended disease. Also the lengthy 
duration of the illness (median of 121 months) in our 
cohort of UC patients substantiates this concept, since a 
progressive involvement of colonic mucosa characterizes 
the natural history of the disease [29]. Conversely, we did 
not find any association of the -429T/C polymorphisms 
with CD age at onset, location, and behavior. Our results 
slightly differ from those of Däbritz et al. who did not find 
any association between the -429T/C polymorphisms and 
CD, and showed a negative association of the -374T/A 
genotype with this illness in the German population, where 
a lower frequency of the A allele in comparison with the 
healthy population was also evident [19]. Finally, we did 
not find any relationship between these polymorphisms 
and the other clinical features considered, i.e., duration of 
the disease and extraintestinal manifestations.

Conclusions

Overall considered, our results, other than supporting a 
role of the two main functional polymorphisms of the pro-
moter region of the RAGE gene in IBD, show a clear dif-
ference in both allelic and genotypic distribution between 
CD and UC, which seems to affect both the development 
and the severity of these illnesses. If these data will be 
confirmed, genotyping of the RAGE promoter gene may 
become a useful biomarker predictor of disease evolution.
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