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Abstract

There is evidence of a link between vitamin D deficiency and Irritable Bowel Syndrome (IBS), and vitamin D supplementa-
tion can help improve it, but the mechanisms of this link still are unclear. In this study, we attempted to investigate the 
hostepigenetic -gut microbiome interactions during vitamin D supplementation in IBS patients. For this purpose, out of 
988 participants in the Vitamin D supplementation program, 154 students with IBS symptoms were identified using Rome 
III criteria. Finally, only 17 patients were studied for gut microbiome considering exclusion criteria. Methylation specific 
PCR was used for epigenetic evaluation and TaqMan Real Time PCR was used for gut microbiome assessment. The results 
show that the prevalence vitamin D deficiency in patients with IBS is very high and is significantly reduced by the interven-
tion. During supplementation, the gut microbiome undergoes changes that decrease in Firmicutes and increase signifi-
cantly in Bifidobacterium and Enterococcus genera. The methylation pattern of the studied genes has also changed during 
supplementation. Interactions have been observed between the studied bacteria and also the Lactobacillus, Bifidobacte-
rium and Enterococcusgenera have affected the methylation changes of vdr and cd14. Inaddition, Bifidobacteriumspp and 
Firmicutes were effective in altering the methylation pattern of s100A9 and vdr, respectively. Based on the findings of this 
study, it can be concluded that epigenetic and microbial interactions in the colon during vitamin D supplementation may 
be involved in improvement the condition of IBS patients.
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Introduction

Irritable bowel syndrome is a common functional gastroin-
testinal disorder that is diagnosed by Rome criteria based on 
some clinical symptoms including abdominal pain, bloating, 
and changes in bowel habits [1]. Brain-gut axis and immune 
system dysfunctions, abdominal hypersensitivity, and gastro-
intestinal disturbances are associated with IBS [2]. Its preva-
lence is more common among women and young adults and is 
between 5 and 20% [1,2]. Genetics, gastrointestinal disorders, 
anxiety, the intestinal-brain axisdisorders, infection and in-

flammation in the intestine, and changes in the gut microflora 
are among the causes of IBS. In IBS, genetic and environmental 
factors affect host-microbial interactions [3]. Recent evidence 
suggests that gut microbiota are an important factor in the 
etiology of IBS [4]. Changes in the intestinal environment have 
caused compositional or functional changes in the gut micro-
biota called dysbiosis, which is associated with IBS [5,6]. Lack 
of VDR can also cause dysbiosis and functional changes in the 
gut microbiome [7]. So far, studies have shown changes in the 
relative abundance of certain groups of bacteria during IBS 
[8]. The symptoms and severity of IBS have subsided after the 
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primers and probes used to detect these bacteria are listed in 
(Table 1). The tuf gene in Lactobacillus spp. and the 16S rRNA 
gene in theFirmicutes and, Bacteroidetes phyla [20] and, Bi-
fidobacteriumspp [21] and the 23S rRNA gene in the genus 
Enterococcus [22] were detected. The standard curve for esti-
mating the amount of detected bacteria in fecal samples was 
plotted by RealTime PCR. To draw a standard curve, DNA dilu-
tion extracted from standard bacteria was used and compared 
with the culture results of these bacteria. Clostridium perfrin-
gens PTCC 1765, Bacteroidesfragilis ATCC 23745, Bifidobacteri-
um bifidum PTCC 1644, Entrococcusfaecalis IBRC-M 11130 and 
Lactobacillus casei IBRC-M 10711 were cultured on FAA medi-
um at 37 °C for 24 hours. Colony counts were performed to cal-
culate CFU and compared with the results of quantitative real-
time PCR analysis of DNA extracted from standard bacteria.

Due to the epigenetic effects of microbes on host genes and 
also the possibility of regulating genes involved in vitamin 
D function by DNA methylation, in addition to vdr [23], the 
methylation pattern of some genes related to vitamin D im-
mune function including nlrp3 [24], cd14, nod1 and S100A-
9was examined using Methylation method specific PCR. To 
design MSP primers, EPD (Eukaryotic Promoter Database) 
was used to extract the upstream sequence of the studied 
genes [25]. Then, Meth Maker software was used to design 
specific MSP primers [26]. All data were analyzed using SPSS 
software package version 20. In order to perform the cor-
relation test between before and after the intervention, the 
normality of the observations were tested by two Kolmogrov-
Smirnov with Liliforces corrections and Shapiro-Wilk test.

Demographic information was expressed as Median (IQR3- 
IQR1) and Mean ± SD for data with abnormal and normal dis-
tribution, respectively, and the frequency of overweight and 
obesity and methylation states were reported as a percentage. 
Statistical analyzes were performed between two groups of 
variable type using X2 and t-pair tests. Significance level in all 
statistical tests was considered at p-value level less than 0.05 
error level. The correlation of variables by Pearson, Spearman 
r and Point-biserial methods was examined for qualitative, 
quantitative and qualitative-quantitative variables, respec-
tively. For observations that are not normally distributed 
before and after the intervention (p-value less than the er-
ror level of 0.05 indicates no normal distribution). Therefore, 
Spearman r correlation coefficient was used to calculate the 
correlation coefficient. In statistical modeling, the normality 
of the residual distribution was investigated using Kolmogrov-
Smirnov with Liliforces corrections and Shapiro-Wilk tests as 
well as the qq-plots. To convert the abnormal distribution 
to normal, the box-cox conversion has been used, and in 
cases where this conversion has not been effective, weight-
ed cases have been used for statistical modeling. In finally 
modeling conducted by weighted least squared regressions.

Results

The prevalence of deficiency in participants with IBS is shown in 
(Table 2). Serum levels of vitamin D before and after the inter-
vention were measured 6.4 ng/mL (10.5 -3.6) and 38.2 ng/mL 

use of probiotic compounds and the improvement of gut mi-
crobiota composition [9]. The gut microbiota is composed of 
a wide variety of microbial species that play an essential role 
in the evolution and development of host immune responses 
and also affect the physiology of the host by affecting intestinal 
barrier homeostasis and gastrointestinal motility [4]. Vitamin 
D receptors are located in the gut and have high levels of ex-
pression in the small intestine and colon [10]. The epigenetic 
effects of microbiome on VDR modulation have been discussed 
in several studies [11]. One of the functions of the active form 
of vitamin D in the body is to regulate inflammation [1,10,12]. 
The prevalence of vitamin D deficiency is higher in IBS patients 
than in the healthy population, and the severity of symptoms 
is inversely related to serum vitamin D levels [12,13]. Vitamin 
D supplementation has been shown to improve IBS symptoms 
and improve the quality of life of patients [2,14]. Also, many 
studies have reported the effect of vitamin D supplementa-
tion on changes in gut microbiota [10,15,16]. Genomic wide 
association studies has identified variations in VDR that affect 
changes in gut microbiota [17]. Decreased vitamin D levels 
and decreased VDR regulation are associated with intestinal 
dysbiosis [18]. Vitamin D deficiency leads to changes in the gut 
microbiome, which in turn reduces the production of vitamin 
B in the intestine [19]. It should be noted that the mechanism 
of action of vitamin D on IBS symptoms has not been eluci-
dated in recent trials [1-3,14]. We aimed to investigate host 
epigenetic- gut microbiome interaction during vitamin D sup-
plementation to clarify how vitamin D improve IBS symptoms.

Materials/Methods

This study is an experimental study of intervention before and 
after the intervention (code 940849) as a vitamin D supple-
ment with a dose of 50,000 IU (vitamin D supplement supple-
mentation plan with code 931188) for nine weeks in a popula-
tion of 988 female students (11 to 16 years old). According to 
Rome III criteria 154 of them met the criteria and diagnosed 
as IBS. Finally, taking into account the exclusion criteria, in-
cluding irregular use of vitamin supplements, use of any type 
of antibiotic at least two weeks after sampling, and undesir-
able macroscopic characteristics of the stool sample; Only 17 
participants were included in the study to evaluate the gut 
microbiome and the epigenetic status of colon genes. This 
study has been approved by the ethics committee of Mashhad 
University of Medical Sciences. The Rome III questionnaire 
was used to diagnose IBS in participants and its validity was 
previously reported. According to Rome III criteria, IBS con-
sidered as condition with recurrent abdominal pain at least 
three days a month for at least the past six months with two or 
more symptoms such as improved bowel movements, onset 
with changes in shape or number of bowel movements. Stool 
samples were taken from participants before and after the in-
tervention. Stool samples immediately transferred to labora-
tory in icebox. DNA extraction was performed from fecal sam-
ples by using QIAamp DNA stool mini kit (Qiagen, Germany).

In this study, some conserved genes of three genera and two 
bacterial phyla were detected and analyzed by TaqMan Real 
Time PCR in the genome extracted from fecal samples. The 
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(49.7 -26.4), respectively, which indicates significant changes in 
serum vitamin D levels in people with IBS after the intervention. 
Examination of the frequency of vitamin D deficiency in people 
with IBS shows that the prevalence of severe deficiency in them 
is very high, which has sharply decreased after intervention.

The frequency of epigenetic states of the studied genes be-
fore and after the intervention is shown in (Table 3). The 
promoter methylation of cd14, nlrp3 and s100A9 genes was 
increased, while no change was observed in vdr and nod-
1methylated promoters. Microbial abundance before and 
after the intervention was measured by taqMan Real Time 
PCR and is shown in (Table 4). The population of the bacte-
rial phylum,Firmicutes in individuals with IBS after the inter-
vention showed a significant decrease. Investigation of the 
interaction relationships between gut microbiome and epi-
genetics shows that the population changes of Lactobacillus 
spp. andBacteroidetes have a significant effect on population 
changes of Enterococcusspp., also the interaction of these two 
microbial groups is significant on Enterococcusspp. changes 
(Figure 1). The effect of demographic changes in the stud-
ied bacteria on the epigenetic status of the studied genes 
has shown that only the Bacteroidetesphylum had no signif-
icant effect on the changes in the studied genes (Figure 2).

Figure 1: Outcomes of study parameters between diabetic and non-diabetic 
individuals.

Figure 2: Effects of microbiome changes on alteration in the methylation pat-
tern of vitamin D-related genes during vitamin D supplementation.

bacterial targets primers and probes Sequences (3´ -5´) Tm (° C) Product size (bp)

Lactobacillus

FP TACATYCCAACHCCAGAACG 58

90RP AAGCAACAGTACCACGACCA 58

Probe AAGCCATTCTTRATGCCAGTTGAA 61

Firmicutes

FP GTCAGCTCGTGTCGTGA 55

179RP CCATTGTAKYACGTGTGT 54

Probe GTCAANTCATCATGCC 48

Bacteroidetes

FP AGCAGCCGCGGTAAT 49

184RP CTAHGCATTTCACCGCTA 54

Probe GGGTTTAAAGGG 36

Enterococcus

FP AGAAATTCCAAACGAACTTG 53

70RP CAGTGCTCTACCTCCATCATT 55

Probe TGGTTCTCTCCGAAATAGCTTTAGGGCTA 67

Bifidobacterium

FP GCGTGCTTAACACATGCAAGTC 59

126RP CACCCGTTTCCAGGAGCTATT 59

Probe TCACGCATTACTCACCCGTTCGCC 70

vdr

MFP TTTTTTTTACGTCGATGTTACG 55
281

MRP ATGGGAAATTTCGGGTTTCG 56

UFP TTTTTTTTATGTTGATGTTATGG 56
282

URP AATGGGAAATTTTGGGTTTTG 53

nlrp3

MFP TTTTTTTTATTTTTAGCGGAGTCGT 58

182
MRP AATATTATCAAAACCGTATCTCGAT 58

UFP TTTTTTTTATTTTTAGTGGAGTTG 54

URP CAATATTATCAAAACCATATCTCAAT 57

nod1

MFP GGTTGTAGGCGTTGGGTAGGTATTTTTAC 60
226

MRP CCCTAACCACCGCGCAAAAACCG 61

UFP GGTTGTAGGCGTTGGGTAGGTATTTTTAT 59
233

URP AATAAACCCCTAACCACCACACAAAACCA 59

cd14

MFP AGTTAGTATGTTAGGTATAGTGGTTTAC 54

266
MRP TCAAACTAAAATAAAATACCATAATCTCG 52

UFP TTAGTATGTTAGGTATAGTGGTTTAT 50

URP TCAAACTAAAATAAAATACCATAATCTCA 50

S100A9

MFP GTGGTGTTAGAGGAGTATAGGTTCGTTC 60

243
MRP AAACACTTAACCCTTTAACCTATCTCCG 57

UFP GTGGTGTTAGAGGAGTATAGGTTTGTTT 57

URP AAACACTTAACCCTTTAACCTATCTCCA 55

Table 1: primers and probes for detection of bacterial species and phylum. 

FP: forward primer; RP: reverse primer; MFP: methylated forward primer, UMP:unmethylated forward primer; MRP: methylated reverse primer; URP: unmethylated reverse 
primer. 
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Discussion 

To our knowledge, this is the first report to examine the in-
teraction of the gut microbiome and the epigenetic status of 
vitamin D-related genes in patients with IBS. Vitamin D defi-
ciency and severity are higher in patients with IBS than in their 
healthy counterparts [12], and in most cases these patients 
respond favorably to vitamin D supplementation [1,3,14,27]. 
There is also evidence that the composition of gut microbiota 
in subjects with IBS is different from that of normal individu-
als [8,28,29]. The available data also suggest that vitamin D 
affects the evolution of the gut microbiome [10,15], and that 
the gut microbiome is able to regulate the function of host 
genes through epigenetic mechanisms.

This study investigates changes in the methylation pattern of 
some genes associated with vitamin D involved in the regula-
tion of gut microbiota ecology. The results show that the se-
rum level of vitamin D in people with IBS after supplementa-
tion has significantly increased and the prevalence of vitamin 
D deficiency has also decreased due to vitamin D supplemen-
tation. Complete improvement in symptoms was observed 
in 23 of 154 participants after vitamin D supplementation. 
Studies of changes in the gut microbiome showed that the 
Firmicutesphylum and the Lactobacillusspp decreased sig-
nificantly, while the Bifidobacterium spp showed the opposite 
trend. Examination of gut microbiome interactions during vi-
tamin D supplementation has shown that changes in mem-
bers of Bacteroidetes and Lactobacillusspp. have significant 
effects on changes in Enterococcusspp and consequently 
changes in Enterococcus spp. have also affected changes in 
Firmicutes. The study of changes in gene methylation pattern 
also showed that the percentage of methylated promoters in 
cd14, nlrp3 and s100A9 genes increased while no change was 
observed in vdr and nod1 genes, however the percentage of 
semi-methylated promoters in both genes. Investigation of 

the interactions of gut microbiome changes and epigenetic 
genes has shown that changes in the Enterococcus spp., Lacto-
bacillusspp and Bifidobacterium spp are effective in changing 
the methylation pattern of vdr and cd14. In addition, vdr has 
been affected by changes in the Firmicutesphylum. Changes 
in the Bifidobacterium spp were also effective in altering the 
methylation pattern of the inflammatory marker gene of the 
colon, s100A9.

In this study, the prevalence of vitamin D deficiency in par-
ticipants with IBS was very high, and similar studies have re-
ported a high prevalence of vitamin D deficiency in patients 
with IBS [12,14,27]. These similarities suggest that vitamin D 
deficiency may be a risk factor for IBS. Numerous studies have 
also shown the effectiveness of vitamin D supplementation 
in improving IBS, which has also been observed in this study 
[1-3,14,27]. However, so far the mechanisms of complemen-
tarity have been unclear. In this study, an attempt was made 
to investigate the genetic interactions of the host with the 
evolution of the gut microbiome as possible mechanisms of 
effectiveness.

Previous studies have shown a higher abundance of Fir-
micutes in people with IBS compared to their natural coun-
terparts [30,31]. In this study, the Firmicutes has a relatively 
higher abundance than the Bacteroidetes and also has a sig-
nificant decrease in population during vitamin D supplemen-
tation. These changes may be one of the factors in improv-
ing clinical symptoms in patients with IBS due to vitamin D 
supplementation. In present study, it was found that changes 
in the Firmicutesphylum were directly and indirectly affected 
by the Enterococcusspp and Lactobacillusspp., respectively. 
Both genera have members that exhibit probiotic properties 
and are used in most probiotic formulations [9]. Perhaps one 
of the effects of probiotics in improving IBS symptoms is their 
effect on the changes of the Firmicutes. Also, changes in the 
Bacteroidetes Affected on Enterococcusspp can indirectly af-
fect changes in the Firmicutes. These interactions confirm that 
an imbalance between the microbial populations of the Bac-
teroidetes and Firmicutesphyla, previously reported in sev-
eral studies, may be a contributing factor to dysbiosis and IBS 
symptoms.

The study of methylation pattern during vitamin D supplemen-
tation in subjects with IBS has not been performed so far and 
the present study is the first report in this regard. Methylation 
changes have been observed in all genes studied. Only two 
genes, vdr and nod1, did not show any change in the percent-
age of their methylated promoters. However, the percentage 
of unmethylated promoters decreased and the semi-methyl-
ated increased. These two genes appear to be negatively regu-
lated during vitamin D supplementation. As the serum level of 
vitamin D increases or certain changes in the gut microbiome 
decrease. Targeted vdrdeletion in intestinal cells alters the gut 
microbiome, leading to an increased risk of obesity [32]. In 
this study, we observed increasing in methylation level of vdr 
promoter after vitamin D supplementation which that may be 
lead to decreased expression, and methylation state showed 
the relationship with gut microbiome alteration. These results 
suggested that VDR play the critical role in immunity system 
regulation in faced with gut microbiota ecology. Decreased 
intestinal VDR leads to an increase in amino acid metabolites 
that play a protective role against oxidative stress and inflam-

Frequency (%)
Vitamin D status

p-value Post-intervention Pre-intervention

0.0001 7.4 72.1 Severe deficiency 

0.034 9.0 18.4 Moderate deficiency

0.026 14.8 5.9 Insufficiency 

0.0001 68.9 3.7 Normal 

Table 2: Frequency of vitamin D deficiency in people with IBS

Data shown as percentage (%)

Post-intervention Pre-intervention Methylation state Gene 

29.4 47.1 Unmethylated

vdr11.8 11.8 Methylated 

58.8 41.2 Semi-methylated 

35.3 29.4 Unmethylated

cd1452.9 47.1 Methylated 

11.8 23.5 Semi-methylated 

23.5 35.3 Unmethylated

nod147.1 47.1 Methylated 

29.4 17.6 Semi-methylated 

23.5 35.3 Unmethylated

nlrp341.2 35.3 Methylated 

35.3 29.4 Semi-methylated 

17.6 76.5 Unmethylated

s100A964.7 5.9 Methylated 

17.6 17.6 Semi-methylated 

Table 3: Frequency percentage of various methylation n state.
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Conclusion 

Vitamin D supplementation increases serum levels of vitamin 
D in people with IBS, and as a result of these interventions, im-
provement in the condition has been observed in them. This 
improvement appears to be due to changes in the gut micro-
biota and changes in the host epigenetic patterns. As a result 
of complementarity, changes in the gut microbiome can be 
detected and the pattern of gene methylation is altered as a 
result of interaction with the gut microbiota. It seems that vi-
tamin D supplementation by modulating the gut microbiome 
and host epigenetics can help improve the symptoms of IBS 
in subjects. Further studies are needed to better understand 
host-microbiome interactions in IBS.
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