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ABSTRACT

Background: there has been recent evidence of an alteration
in irritable bowel syndrome (IBS) immune regulation, as well as
variations in cytokine polymorphisms.

Aims: to determine the frequency of the IL-10 (-1082G/A) and
TNF-a (-308G/A) polymorphisms in subjects with IBS in Mexico.

Methods: volunteers answered the Rome Il Questionnaire and
were classified as IBS (n = 45) and controls (n = 92). The IBS subjects
were then categorized as IBS-D: 22.2 %, IBS-C: 28.9 %, and IBS-A/M:
48.9 %. The polymorphism frequency among groups was compared.

Results: there were no differences between IBS vs. controls in
the frequency of the high (8.9 vs. 18.5 %), intermediate (60.0 vs.
57.6 %), or low (23.9 vs. 38.9 %) producer IL-10 genotypes, p
= 0.315. Neither were there differences in the high (0 vs. 1.1 %),
intermediate (55.4 vs. 43.2 %), or low (43.5 vs. 56.8 %) producer
TNF-a genotypes, p = 0.296. However the low producer of IL-10
was more frequent in IBS-D vs. IBS-C vs. IBS-A/M (63.6 vs. 7.1
vs. 33,3 %) p = 0.023.

Conclusions: in this group of volunteers in Mexico, the fre-
quency of the IL-10 (-1082G/A) and TNF-a. (-308G/A) genotypes
was similar in IBS and controls. However, there was a greater fre-
quency of the low producer of IL-10 in those subjects with IBS-D,
suggesting a genetic predisposition to abnormal immune regulation
due to a lower anti-inflammatory component in this subgroup.
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INTRODUCTION

The pathophysiology of irritable bowel syndrome (IBS)
is not fully understood. Several mechanisms have been
proposed, such as altered intestinal motility, visceral sen-
sitivity, alterations in the two-way communication between
the brain and gut, stress, and psychological factors (1-3).
More recently, a group of patients developing IBS after a
gastrointestinal infection, known as Post-Infectious IBS
(PI-IBS) (4) has been described, but differences have also
been demonstrated in the microbiota in adults and children
with IBS when compared with controls (5,6). On the other
hand, the presence of low-grade inflammation in the colon
mucosa has been reported in a subgroup of patients with
IBS, consisting of an increase in the number of intraepithe-
lial lymphocytes, mast cells, and/or enterochromaffin cells
(7,8). Moreover, this low grade inflammation appears to be
primarily related to PI-IBS (9).

Other immune regulation alterations that have been
reported in IBS include lower levels of serum interleu-
kin-10 (IL-10) and higher levels of pro-inflammatory
cytokines such as the tumor necrosis factor alpha (TNF-o)
(10). In Mexico, for example, we have very recently
reported that the presence of lower levels of serum IL-10,
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in volunteers with IBS according to the Rome II diagnos-
tic criteria (10), is a predictive factor for this disorder,
especially in women that have diarrhea-predominant IBS
(IBS-D). We also found higher serum TNF-a levels in
subjects with IBS, when compared with controls.10 Like-
wise, recent data have described an association between
IBS and genes related to the immune response (11-13).
Accordingly, cytokines are the ideal candidates for genet-
ic studies on IBS, given that their expression is genetical-
ly regulated (14). The predisposition to produce high or
low levels of a specific cytokine could be related to the
presence of the polymorphisms that encode each of their
gene expressions, as has been suggested for the immuno-
regulatory IL-10 and the pro-inflammatory TNF-a cyto-
kines (15,16). These polymorphisms could then affect the
susceptibility for developing IBS, as well as its pheno-
typic expressions (IBS-D; constipation-predominant IBS:
IBS-C; and alternating/mixed IBS: IBS-A/M), at least
in a subgroup of patients in whom immune activation
would be a supposed factor. Nevertheless, according to a
recent systematic review of the literature, the data on the
genetic variants of the cytokines in IBS and controls are
inconsistent (17). On the other hand, no studies on poly-
morphisms in IBS have been conducted in Latin America
to date (18).

Therefore, our aim was to explore the frequency of the
IL-10 polymorphisms in a group of volunteers in Mexi-
co City, divided into subjects with IBS and controls. Our
hypothesis was that the subjects with IBS, when compared
with the controls, should present with a greater frequency
of both the low producer IL-10 polymorphism and the high
producer TNF-a polymorphism.

METHODS
Subjects

The present study was conducted on volunteers from a
university in southeast Mexico City (Universidad Autono-
ma Metropolitana: UAM-Iztapalapa) that participated in
an epidemiologic and serologic study on functional gas-
trointestinal disorders (FGIDs) (19). The volunteers were
recruited through advertisement by posters put up in dif-
ferent areas of the university. The only inclusion criterion
for the epidemiologic study was age. The participants had
to be over 18 years old and they included students, teach-
ers, and administrative and general service personnel. No
analyses were done to exclude celiac disease or lactose
intolerance, inflammatory bowel disease or microscopic
colitis, or a history of gastrointestinal infection or any other
factor that could trigger IBS. Whether the participants were
under any drug treatment, including medication that could
affect motility, anti-inflammatory agents, or steroids was
not determined either. The study focused exclusively on
determining FGID frequency.
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The Rome II Modular Questionnaire in Spanish
in Mexico

All the subjects answered the Rome II Modular Ques-
tionnaire that had previously been translated into Spanish,
as well as validated, in Mexico (19). The subjects that fit
the criteria for IBS and the FGID-negative controls were
invited to participate in the present study on the IL-10 and
TNF-a polymorphisms. In accordance with the predomi-
nant bowel habit, the IBS subjects were then divided into
the IBS-D and IBS-C subtypes; those subjects that did not
fit the IBS-D or IBS-C criteria were regarded as IBS-A/M.

Polymorphism determination

A venous blood sample was collected from the subjects
that had signed informed consent statements to participate
in the study. Leukocyte DNA was extracted through the
salting out technique using the BDTract™ Genomic DNA
Isolation Kit (Maxim Biotech Inc). Cytokine genotyping
was done through the amplification-refractory mutation
system (ARMS). The polymorphisms of the IL-10 pro-
moter regions at positions -1082*G and -1082*A and the
TNF-a promoter regions at positions -308*G and -308*A
were analyzed through the polymerase chain reaction
(PCR) using specific oligonucleotides for identifying the
high and low producer alleles from each bi-allelic poly-
morphic site. The amplified DNA products were separated
through electrophoresis in 2 % agarose gel and stained with
ethidium bromide. The gel was visualized under ultraviolet
(UV) transillumination with a marker that had a molecular
weight of 100 base pairs (bp), and they were photographed.
The genotypes were expressed as high or low producers
for the homozygotes and as intermediate producers for the
heterozygotes (20). It should be mentioned that the geno-
typing was blinded; there was no knowledge of the clinical
characteristics of the subjects; in other words, it was not
known whether they presented with IBS or were controls.

The study protocol was approved by the Research
Committee of the Faculty of Medicine of the Universi-
dad Nacional Autonoma de México (UNAM). All subjects
signed informed consent statements.

Statistical analysis

The continuous variables were expressed as means and
the categorical variables as percentages and 95 % CI. The
genotype distribution between the cases and controls was
compared using the Pearson’s chi-square test and the http://
ihg.gsf.de/cgi-bin/hw/hwal.pl website was used to deter-
mine the Hardy-Weinberg equilibrium for the cases and
controls.

This study was an exploratory one, so the sample size
was not determined a priori, given that the frequency of
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the alleles and the genotypes studied was not known for
the Mexican or Latin American population. On the other
hand, the prevalence of alleles in a population is a vari-
able of which its mathematical expectation has to be cal-
culated as a random type one. In the present study this
variable was used to classify the subject groups, resulting
in a pseudo-experimental analysis. Because the difference
between alleles for a particular phenotype varies, the post
hoc statistical power will also vary in relation to the pheno-
typic differences found. Based on the above, the values for
a two-tailed Z test for obtaining proportional differences
are consistent with the following statistical power values:
Differences of 0.15, 0.20, 0.25, and 0.30 correspond to a
post hoc statistical power of 60, 83, 95, and 99 %, respec-
tively. Taking into account differences in phenotypic fre-
quencies greater than 20 % between the subjects with IBS
and the controls in our study (for example: The frequency
of abdominal pain or discomfort or bowel habit charac-
teristics), the post hoc statistical power was above 83 %.

RESULTS

One hundred and thirty-seven volunteers participated in
the study. Of that total, 45 fit the IBS criteria and 92 were
regarded as controls. Table I shows the epidemiologic and
clinical characteristics of the groups. There were no statis-
tically significant differences in age, sex, and body mass
index (BMI) between the IBS subjects and the controls.
Further, the subjects with IBS were classified as IBS-D:
22.2 %, IBS-C: 28.9 %, and IBS-A/M: 48.9 % and no
differences in age, sex distribution, or BMI were found
among these IBS subgroups. On the other hand, in relation
to the intestinal symptoms evaluated in the Rome I Mod-
ular Questionnaire, abdominal pain and discomfort were
more frequent in the subjects with IBS, compared with the
controls, as was to be expected. Likewise, the presence of
loose stools, straining, the sensation of incomplete evacu-
ation, mucus in the stools, and the sensation of abdominal
fullness, inflammation, or swelling were more frequent in
the subjects with IBS. In relation to the IBS subtypes, there
was no difference in the frequency of abdominal pain or
discomfort, but those subjects with IBS-D had a greater
frequency of more than 3 defecations per day, loose or
watery stools, and defecation urgency, whereas those with
IBS-C had a greater frequency of hard stools and straining
(Table I).

The frequency of the IL-10 (-1082G/A) genotypes was
in the Hardy-Weinberg equilibrium for both the cases
and the controls (Table II); however, the frequency of the
TNF-a (-308G/A) genotypes was in significant departure
(Table III).

The intermediate producer IL-10 polymorphism was
the predominant one in the majority of the subjects with
IBS and the controls, followed by the low producer and
no differences were found in the frequency of the geno-
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types or alleles (Table II). In regard to TNF-a, practically
no high producer genotype was found in the entire study
population, with the exception of one control subject. No
differences were found between the IBS subjects and the
controls, either (Table III).

Statistically significant differences were found upon
comparing the frequency of the IL-10 genotypes among
the IBS-D vs. IBS-C vs. IBS A/M subgroups. The low
producer genotype was predominant in IBS-D, whereas
the intermediate producer genotype was predominant in
IBS-C and IBS-A/M, (p = 0.023) (Fig. 1). In contrast, no
differences in the frequency of the TNF-a genotypes were
found among the IBS subgroups (p = 0.146). None of the
subjects with IBS presented with the high producer TNF-a

genotype (Fig. 1).

DISCUSSION

In the present study on volunteers in Mexico, we found
no differences in the frequency of the genotypes or the
alleles of the IL-10 (-1082G/A) and the TNF-a. (-308G/A)
polymorphisms in the comparison between the subjects
that fit the Rome II criteria for IBS and the controls that
did not fit the criteria for this gastrointestinal function-
al disorder. In addition, the high producer TNF-a (AA)
polymorphism was found to be practically absent in this
population. In the polymorphism analysis of the IBS sub-
groups, the low producer of IL-10 (AA) was significantly
more frequent in those subjects with IBS-D, whereas the
intermediate producer was significantly more frequent in
the subjects with IBS-C. There were no differences in the
TNF-a genotypes among the IBS subgroups in our volun-
teer population.

Due to the fact that cytokine production is genetically
determined, their respective polymorphisms may be dif-
ferent in subjects with IBS and in controls without the
criteria for this disorder (14), but results with respect to
this have not been conclusive. A previous study conducted
in Turkey reported a lower frequency of the high producer
IL-10 genotype in position -1082 in patients with IBS,
when compared with controls (15). These findings suggest
a genetic predisposition to an immune regulation alter-
ation in subjects with IBS. In contrast, no differences were
found in these polymorphisms between IBS and controls
in studies in Holland (16), South Korea (21), China (22),
and India (23).

On the other hand, in Holland, the intermediate pro-
ducer TNF-a polymorphism in position -308 was more
frequent in IBS (16), whereas no differences in the TNF-a
polymorphisms were found in IBS vs. controls in the South
Korean (21) and Indian (23) studies.

In our study on volunteers in Mexico City, we observed
no differences in the prevalence of the IL-10 (-1082G/A)
and TNF-a (-308G/A) genotypes between IBS and con-
trols, similar to that reported in previous Asian studies.

REv Esp EnrerM DiG 2013; 105 (7): 392-399
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Table I. General characteristics of the study groups
Controls IBS P IBS-D IBS-C IBS-AIM P
(n=292) (n=45) (h=10) (n=13) (h=22)
Sex: Female, n (%) 56 (68.3) 34 (69.4) 0.207 8(80) 8(61.5) 14 (63.6) 0.593
Age: Years, mean 33.8(31.1;36.4) 31.2(27.7;34.7) 0.251 25.8(21.3;30.3) 29.5(24.1;34.8) 34.8(28.7;41.0) 0.134
(95 % ClI)
BMI: Mean (95 % Cl) 24.4 (24.8; 26.4) 25.7 (23.4;25.4) 0.076 26.2(23.6;28.7) 23.0(21.6;24.5) 24.6(23.2;26.0) 0.114
BMI: Categories % 0.620 0.816
(95 % Cl)
Underweight 2.2(0.26;7.6) 0 0 0 0
Normal 47.8 (37.3;58.5) 61.0(44.3; 74.3) 55.6(21.2; 86.3) 72.7 (39.0; 94.0) 57.1(34.0; 78.2)
Overweight 35.6 (26.1;46.5) 31.7 (18.2; 46.6) 33.3(7.4;70.1) 27.3(6.0;61.0) 33.4(14.5;57.0)
Obesity 14.4(7.7;229) 7.3(1.4,18.2) 11.1(0.3;48.2) O 9.5(1.2; 30.4)
Clinical characteristics
according to the
Rome Il Modular
Questionnaire: %
(95 % Cl)
Abdominal pain or 28.3(19.4;38.6) 93.3(31.7;98.6) <0.001 100(69.0; 100) 84.6(54.5;98.1) 95.5(77.2;99.9) 0.292
discomfort in the last 3
months
The pain or discomfort ~ 12.8 (6.6; 21.7)  65.9(50.1; 79.5) <0.001 50.0(18.7;81.3) 83.3(51.5;97.9) 63.6(40.7;82.8) 0.247
improves or disappears
after a bowel
movement
When the abdominal 0 63.6 (47.8; 77.6) <0.001 70.0(34.7;93.3) 50.0(21.1;78.9) 68.2 (45.1;86.4) 0.513
pain or discomfort
begins, there is a
change in the frequency
of bowel movements
When the abdominal ~ 2.3(0.3;8.1)  79.5(64.7;90.2) <0.001 90.0(55.5;99.7) 91.7 (61.5;99.8) 68.2(45.1;86.1) 0.174
pain or discomfort
begins, there is a
change in stool
consistency (looser or
harder than normal)
Fewer than 3 bowel 12.0(0.7,19.0) 15.6(6.5;29.5 0.558 40.0(12.2;73.8) 7.7(2.0;36.0)  9.1(1.1;29.2)  0.053
movements per week
More than 3 bowel 21.7(13.8;31.6) 37.8(23.8;53.5) 0.047 90.0(55.5;99.7) 0 36.8(17.2; 59.3) <0.001
movements per day
Hard or lumpy stools 17.4(10.3; 26.7) 48.9(33.7,64.2) <0.001 O 92.3(63.9;99.8) 45.5(24.2;67.8) <0.001
Loose, mushy, or watery 23.9 (15.6; 33.9) 46.7 (31.7;62.1) 0.007 100.0 (74.1; 15.4(1.9;45.4) 40.9(22.1;62.0) <0.001
stools 100)
Straining during a 3.3(0.7;9.2) 28.9(16.3;44.3) <0.001 O 61.5(31.6;86.1) 22.7(7.8;45.3) 0.004
bowel movement
Defecation urgency 34.8(25.1;45.4) 51.1(35.8;66.3) 0.067 80.0(44.4;,97.5) 23.1(5.0;53.8) 545(32.2;75.6) 0.023
Sensation of incomplete 8.7 (3.8; 16.4) 22.2(11.2;37.1) 0.028 30.0(6.7;65.2) 15.4(1.9;45.4) 22.7(7.8;45.4) 0.703
evacuation
Mucus in stools 29.3(20.3;39.8) 77.8(62.9;88.8) <0.001 90.0(0.55;99.7) 69.2(38.6;90.9) 77.3(54.6;92.2) 0.492
Sensation of abdominal 26.1(17.5; 36.3) 46.7 (31.7;62.1) 0.016 90.0(55.5;99.7) 15.4(1.9;45.4) 45.5(24.4;67.8) 0.002

fullness, inflammation,
or swelling
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Table Il. Distribution of the IL-10 genotypes and alleles in IBS and controls

Groups All Genotype frequency Allele frequency HWE
High producer  Intermediate Low producer  High producer  Low producer
producer
GG GA AA G A
n n (%) n (%) p*
IBS 45 4(8.9) 27 (60.0) 14 (31.1) 35(38.9) 55 (61.1) 0.120
Controls 92 17 (18.5) 53 (57.6) 22 (23.9) 87 (47.3) 97 (52.7) 0.208
p 0.315 0.189
HWE: Hardy-Weinberg equilibrium. *Data analyzed through the exact p-value with maximum reliability.
Table Ill. Distribution of the TNF-o. genotypes and alleles in IBS and controls
Groups All Genotype frequency Allele frequency HWE
High producer  Intermediate Low producer  High producer  Low producer
producer
AA GA GG A G
n n (%) n (%) p*
IBS 44 0 19 (43.2) 25 (56.8) 19 (21.6) 69 (78.4) < 0.001
Controls 92 1(1.1) 51 (55.4) 40 (43.5) 53(28.8) 131(71.2) < 0.001
p 0.296 0.207
HWE: Hardy-Weinberg Equilibrium. *Data analyzed through the exact p-value with maximum reliability.
100 100
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Fig. 1. The figure shows the frequency of the IL-10 (-1082G/A) and TNF-a. (-308G/A) genotypes according to the IBS subgroups. One can see on the
left that the low producer of IL-10 (A/A) predominated in IBS-D, whereas the intermediate producer genotype (G/A) was predominant in IBS-C and IBS-
A/M. The TNF-a. genotype distribution is shown on the right, and there were no differences between the groups. It should be noted that none of the
IBS subjects presented with the high producer genotype (A/A).
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This lack of differences could be due to the population
variations, themselves, or to the fact that our sample size
did not enable a definite conclusion to be reached. How-
ever, with respect to the latter, we believe that our study
sample was representative of the university population
analyzed because the 34.7 % frequency of IBS was sim-
ilar to the 35.5 % previously found in that community
(19). Despite the fact that no differences were found in
the polymorphisms studied between the subjects with IBS
and the controls, interestingly we did observe significant
differences in IBS-D when compared with the other IBS
subgroups; and there was a greater frequency in the low
producer IL-10 polymorphism in that subgroup. These
findings, which are suggestive of a genetic predisposi-
tion to an abnormal immune regulation in subjects with
IBS-D, concur with other data in the literature. For exam-
ple, recently in the same population in Mexico, we found
that the presence of low serum levels of IL-10 was an
independent predictive factor for IBS (10). Furthermore,
women with IBS-D presented with lower IL-10 levels
compared with those with IBS-C and IBS-A/M. Other
data in the literature also suggest immune regulation alter-
ations, especially in IBS-D. For example, higher IL-10
levels derived from mononuclear cells from peripheral
blood in IBS-D, when compared with controls, have been
reported, even though no differences were reported in the
comparison with the IBS-C or IBS-A/M subgroups (24).
Other factors have also been found, such as an increase in
the serine proteases in stools in IBS-D, when compared
with IBS-C and IBS-A/M (25). These proteases can trig-
ger an increase in cellular permeability, which has also
been found to be associated with an increase in defecation
frequency (26), as well as with IBS-D itself (27). Even
though our findings are compatible with a genetic predis-
position to produce lower levels of the anti-inflammato-
ry IL-10 cytokine in subjects with IBS-D, the design of
our study did not allow for us to determine whether the
greater frequency of the low producer IL-10 genotype
would result in lower levels of this serum cytokine, lower
expression in the colon mucosa, or in a predisposition to
low grade inflammation in the colon mucosa, as has been
described in patients with IBS. In the first study conducted
in the United States regarding this, Chang et al. evaluated
both serum cytokines and their level of expression in the
colon mucosa, finding only a lower expression of IL-10
mRNA in the mucosa, with no differences in its cellularity
or in the serum levels of the cytokines (28). Given the
above, the relation of the abnormalities in the immune
regulation alterations due to the serum cytokines and the
low grade inflammation in the colon mucosa are still to
be determined (8).

Regarding the TNF-a (-308G/A) polymorphism, more
than half of the subjects of our population presented with
the intermediate producer genotype, which is a great-
er frequency than that found in Caucasians and Asians
(16,18,29). In contrast, we found a very low frequency
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of the high producer TNF-a polymorphism in both the
IBS subjects and the controls and we found no differ-
ences in the frequency of the A and G alleles, similar
to that reported by Barkhordari in Iran (29). The low
frequency of the high producer of TNF-a (- 308A) has
also been described in general population studies (30).
In addition, the presence of the high producer allele in
position -308A has been related to a greater production
of TNF-a induced by bacterial lipopolysaccharides (LPS)
in peripheral mononuclear cells of subjects with inflam-
matory bowel disease (31), and appears to be related to
a lower response to treatment with anti-TNF agents in
rheumatologic diseases (32). Nevertheless, unlike the
previously mentioned diseases, IBS is not a true inflam-
matory disease, which probably explains the low frequen-
cy that we found in the high producer in both IBS and the
controls. Finally, we should mention the deviation from
the Hardy-Weinberg equilibrium found for the TNF-a
genotypes in our volunteers with IBS and in the controls.
This finding may be related to the genetic crossing that
occurs in mestizo populations, which are the majority in
Mexico (33,34).

Our study has certain limitations. First of all, the small
sample size may be the reason why no differences were
found in the IL-10 and TNF-a polymorphisms between
IBS subjects and the controls. This, however, was not a
restriction for the differences observed between the IBS
subgroups that were even lower. In addition we obtained
a good post hoc statistical power. At any rate, large pop-
ulation studies in Mexico are needed to confirm our find-
ings. Secondly, we did not determine any differences
between subjects with PI-IBS and those without a history
of gastrointestinal infections as a triggering factor for IBS.
However, it should be noted that PI-IBS frequency is very
low in Mexico (35). We also did not rule out the presence
of celiac disease or inflammatory bowel disease in these
subjects, which could have modified the frequency of the
polymorphisms studied. But our study has the strength of
having been conducted on community subjects as opposed
to patients, and of being the first genetic study in IBS in a
Latin American population. Finally, we did not correlate
our findings on the polymorphisms with the serum levels
of their respective cytokines or with their expression in
the colon mucosa and thus did not determine the role the
study polymorphisms have in relation to these cytokines
and the immune regulation at the level of the colon, the
target organ in IBS.

In conclusion, in this group of volunteers in Mexico,
no differences were found in the frequency of the IL-10
(-1082G/A) and TNF-a (-308G/A) genotypes. However,
the subjects with IBS-D presented with a greater frequency
of the low producer IL-10 genotype, suggesting a genetic
predisposition to an abnormal immune regulation due to
a lower anti-inflammatory component in this subgroup.
Large-scale population studies are needed to confirm our
findings.
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