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Abstract

Probiotics are believed to have interaction with immune cells

through sustained effects on gene expression of different cytokines

and transcription factors. The present randomized doubled-blind

controlled clinical trial was performed recruiting 75 individuals with

BMI 25–35, who were randomly assigned to the following three

groups: Group 1 (n 5 25) who consumed regular yogurt as part of a

low calorie diet [RLCD], group 2 (n 5 25) who received probiotic yo-

gurt with a LCD [PLCD] and group 3 (n 5 25) who consumed probi-

otic yogurt without LCD [PWLCD] for 8 week. Participants in PLCD

and PWLCD groups received 200 g/day yogurt containing Lactoba-

cillus acidophilus La5, Bifidobacterium Bb12, and lactobacillus

casei DN001 108 cfu/gr. The expression of the FOXP3, T-bet,

GATA3, TNF-a, IFN-c, TGF-b, and ROR-ct in PBMCs genes were

assessed, before and after intervention. In three groups, ROR-ct

expression was reduced (P 5 0.007) and FOXP3 was increased

(P < 0.001). The expression of TNFa, TGFb, and GATA3 genes did

not change among all groups after intervention. Interestingly, the

expression of T-bet gene, which was significantly decreased in

PLCD and PWLCD groups (P < 0.001), whereas gene expression of

IFN-c decreased in all three groups. Our results suggest that weight

loss diet and probiotic yogurt had synergistic effects on T-cell sub-

set specific gene expression in peripheral blood mononuclear cells

among overweight and obese individuals. VC 2013 BioFactors,
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1. Introduction
Obesity is generally considered as a chronic low-grade sys-
temic inflammation. In this regard, recent research has
revealed a multitude of changes in gene expression of cyto-
kines, chemokines, acute phase proteins, and other factors of
the immune system in obese individuals [1]. Furthermore, the
immunological imbalance induced by obesity might also be re-
sponsible for the development of inflammatory complications.

Evidence that regulatory T (Treg) and Th17 cells play criti-
cal roles in peripheral immunity has been well documented and
thus the possible imbalance between them could obviously lead
to the tissue inflammation or autoimmune diseases. In addition,
disturbances in peripheral blood T-cell compartments are
believed to be involved in systemic complications of obesity [2].
The development and secretory function of the Th17-cells which
are subsets with eminent proinflammatory function are up
regulated in obese people. This may lead to immunological
abnormalities including impaired T cell function, a diminished
response to specific stimuli and onset of autoimmune diseases,
and thus an inflammation [3] all of which could turn into coun-
terproductive changes by weight reduction [4]. Precisely, weight
loss regimens can reduce inflammatory processes and restore
the imbalance of T helper cell subsets [5].

CD41CD251Treg cells comprise about 15–55% of periph-
eral CD41Tcells in humans and mice [6,7], which mainly exert
suppressive effects on the immune responses. As it has been
proved, the expression of FOXP3 in Treg gene is substantial
and imperative for the inhibitory role it performs in immunity.
Over and above, the relationship between increased leptin levels
and the malfunction of Tregs in obese individuals possibly dem-
onstrates the impaired immunoregulation seen in obesity [2].

Probiotics are defined as live microorganisms with beneficial
health effects [8]. Meanwhile, the presence of commensal micro-
biota is essential for the persistent intestinal homeostasis and
function, where the constructive, harmless relation between the
immune system and microbes can be established [9]. Beneficial
effects of probiotics are initiated from the gastrointestinal tract
[10]. It has been known that the release of microbial components
of probiotics can activate the innate immune system in mucosal
tissues and more importantly deviate the adaptive immune
responses to the anti-inflammatory cytokine profile [11].

Although the immunomodulatory properties of probiotics
in healthy individuals have not yet been completely recognized,
some recent studies demonstrated that the use of therapeutic
species of bacteria might increase the proportion of CD25high

T-cells [12,13]. Likewise, excessive inflammatory reactions
could get moderated by stimulating FOXP3 expression in gas-
trointestinal mucosal [14,15].

The immunoregulatory effects of probiotics are mainly
exerted on the innate and adaptive immune system respec-
tively. In the meantime, some probiotics such as L. casei,
which is a subclass of commensal bacteria can modulate mu-
cosal responses and display an anti-inflammatory trait [16].

We hypothesized that probiotics may have beneficial syn-
ergistic effects in alleviating the inflammation and the compli-

cations of obesity along with a healthy weight loss diet. There-
fore, in this study, we studied the immunoregulatory effects of
Lactobacillus acidophilus LA5, lactobacillus casei DN001 and
Bifidobacterium lactis BB12 in obese and overweight partici-
pants and compared with the control group whilst supplying
regular or weight loss diet for 8 weeks. Indeed, we measured
changes in the gene expression of T cell subset specific tran-
scription factors Tbet, GATA3, ROR-Çt, FOXP3 (specific for
Th1, Th2, Th17, and Treg, respectively), and cytokines IFN-c,
TGFb, and TNFa. Moreover, the secretion of cytokines IFN-c,
IL-4, IL-10, IL-17, TGF-b, and TNF-a in PBMC culture superna-
tant was measured as well.

2.Methods
2.1. Design and Subjects
The present randomized double-blind controlled clinical trial
was conducted in Tehran, Iran between August 2011 and June
2012 among 75 obese and overweight men and women (24
men and 51 women) aged 20 to 50 years old, who were
referred to the Department of Nutrition in Tehran University
of Medical Science. Ethical approval was provided by the com-
mittee of ethics in Tehran University of Medical science. Nec-
essary information was obtained from all participates.

Exclusion criteria, included clinical signs of acute inflam-
mation, lactose intolerance, cow’s milk allergy, acute gastroin-
testinal disorders for 3 months before the study initiation,
drug and alcohol consumption, diabetes mellitus, pregnancy,
lactation, menstruation at the time of blood sampling, history
of metabolic disorders, and autoimmune diseases, infectious
disease during the study time and having a weight loss diet for
6 months before the study initiation.

As reported by Zhang et al. [17] to determine the Th17/
Treg ratio with a two sided-significance level of 5% and with
80% power, a sample size of 25 subjects per group was
adequate to include 10% anticipated dropout. At baseline,
each subject was randomly assigned into one of the following
three groups: Group 1 (n 5 25) who consumed regular yogurt
as part of a low calorie diet [RLCD], group 2 (n 5 25) who
received probiotic yogurt with a LCD [PLCD] and group 3
(n 5 25) who consumed probiotic yogurt without any low calo-
rie diet [PWLCD]. A computer-generated-blocked randomiza-
tion list stratified by sex and BMI (block 1: BMI 25–29.9
female, block 2: BMI: 30–35 female, block 3: BMI 25–29.9
male, and block 4: BMI: 30–35 male), was used that was per-
formed by a research staff member who had not been involved
in participant recruitment.

Participants, nutrition specialists, and outcome assessors
were blinded to the interventions into which the individuals were
allocated. Two of the participants became pregnant during the
study period and thus were excluded from the trial (Fig. 1).

Subjects were asked not to consume any probiotic-
containing food, yogurt, or its products during an initial 2
week run-in period before the dietary intervention. Subse-
quently, they were instructed to consume 200 g/day of either
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the conventional yogurt or probiotic yogurt over 8 week,
according to their assigned group, while they refrained from
eating or drinking other probiotic products during the inter-
vention. Conventional and probiotic yogurts were produced
weekly and distributed to the participants.

Compliance with the yogurt consumption guidelines was
monitored once a week by telephone interviews and double-
checked using a 3-day dietary food recall at the baseline and
at the end of first and second month after the intervention. Nu-
trient intakes were calculated from the 3-day food recalls and
analyzed using the Nutritionist IV software (First Databank,
San Bruno, CA) modified for Iranian foods. The primary study

efficacy end point was to attain a reduction in fat percentage
as well as an improvement in balance of proinflammatory and
antiinflammatory immune mediators during the 8- week pe-
riod of probiotic intervention, which were measured by bioe-
lectrical impedance analysis method and Real Time-PCR,
respectively. No adverse effects or symptoms were reported
with the probiotic yogurt consumption. Yogurts were provided
by Iran Dairy Industry Corporation [IDIC-Pegah].

2.2. Yogurt
Probiotic yogurt was prepared with the starter cultures con-
taining Streptococcus thermophiles and Lactobacillus

Flow diagram of patient recruitment and randomization process.
FIG 1
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bulgaricus and was enriched with the lactobacilli and
bifidobacteria-based probiotic culture as well (Lactobacillus
acidophilus LA5, lactobacillus casei DN001, Bifidobacterium-
lactis Bb12). The concentration of each probiotic strain was 1
3 108 cfu/mL, which was calculated by bacteria culturing for
three times per week. In contrast, conventional yogurt con-
tained only starter cultures of S. thermophilusand L. bulgari-
cus. Both kinds of the yogurts had a PH range of 4.3–4.5 and
a fat content of 1.5%.

2.3. Blood Samples
Fasting blood samples were taken from the antecubital vein in
vacutainer tubes with and without sodium heparin (Greiner
VACUETTEVR LH Lithium Heparin) at baseline and at the end
of the 8 weeks intervention during the early morning hours.
PBMCs were purified using Lymphoflot (BIO RAD Medical
Diagnostics GmbH. Germany) gradient centrifugation.

2.4. RNA Extraction and cDNA Synthesis
All solutions, glassware, and plastic materials used were
RNase and DNase free. Up to 4 3 106 PBMCs were used for
RNA extraction using RNA 3 PLUS solution (RNX

TM

2 Plus iso-
lation of RNA, CinnaGen, Iran) according to the exact protocol
provided by the manufacturer. In addition, the quality and
quantity of purified RNA samples were assessed using Nano
Drop Spectrophotometer (Germany). Isolated total RNA was
used for cDNA synthesis by 2-steps Real Time-PCR kit using
oligo[dT] primers (VIvan Technologies, Malaysia) according to
the manufacturer’s instructions. Substantially, cDNA were
stored at 270�C for gene expression studies.

2.5. Cell Culture and Stimulation
PBMCs culture was carried out in RPMI 1640 (Biosera, UK)
containing 10% heat-inactivated fetal bovine serum (Gibco)
that was supplemented with 2 mmol/L L-glutamine (Sigma),
as well as 100 U/mL penicillin, and 100 mg/mL streptomy-
cin (Gibco BRL, Paisley, Scotland). Cells were stimulated
with 0.2 mL/mL functional grade purified anti-human CD3
and 0.4 mL/mL functional grade purified anti-human CD28
(eBioscience). Cells were then cultured for 66 H in 5% CO2

at 37�C. Subsequently, 5 ng/mL PMA (Sigma) and 250 ng/
mL Ionomycin (Sigma) was added to each well, and there-
after, the plates were incubated for 6 H. Supernatants
were collected and stored at 270�C for cytokine assays, as
well.

2.6. Enzyme-Linked Immunosorbent Assay (ELISA)
TNF-a, TGF-b, IFN-c, IL-17, IL-4, and IL-10 in supernatants of
the stimulated PBMCs were measured using ELISA kits (all
were obtained from e-bioscience) according to the manufac-
turer’s instructions.

2.7. Real Time Polymerase Chain Reaction
The expression of TNF-a, TGF-b, IFN-c, T-bet, RORÇt, FOXP3,
and GATA3 genes in PBMCs was quantified using SLAN Real-
Time PCR System (Shanghai Hongshi Medical Technology,
China) along with SYBR Green PCR master mix (Fermentas

GmbH, Germany). Moreover, the PCR amplification program
was initial enzyme activation for 10 Min at 95�C, followed by
40 cycles of amplification which was precisely as follows: 95�C
for 15 Sec followed by 66�C for 20 Sec and 72�C for 30 Sec for
FOXP3, GATA3, TNF-a, TGF-b, IFN-c genes, and 95�C for 15
Sec followed by 60�C for 30 Sec and a final extension of 72�C
for 45 Sec for T-bet and ROR-Çt genes. Melting curve analysis
was also performed at the end of every run to verify the prod-
uct specificity. Assessment of amplification efficiency was per-
formed using serial dilution for each gene. All quantifications
were normalized to the Actin as housekeeping genes. More-
over, the PRIMER3 software was used for designing all of the
PCR primers. The relative gene expression levels were calcu-
lated by 22DDCT. The list of primers used for Real Time-PCR is
presented in Table 1.

2.8. Statistical Analyses
Data are presented as mean 6 SD. ANCOVA method was used
to compare the impact of probiotic treatment on the changes
initiated in measured analyses. Repeated measures were
designed to compare the food recalls taken over three peri-
ods of intervention (week 0, week 4, and week 8). Pairwise
comparisons were performed with the Bonferroni methods.
The significant differences between the groups at various
time points were also assessed by paired t-test. All numeric
variables were tested for normality of distribution by the Kol-
mogorov–Smirnov test and, if necessary, subjected to loga-
rithmic transformation before applying parametric tests
(IFN-Ç, TNF-a, TGF-b, IL-17). Results were considered signifi-
cant if the P-value was <0.05. The Statistical Package for
Social Sciences (version 18.0; SPSS, Chicago, IL) was used for
all analyses.

3. Results
As was mentioned, two of the participants were excluded from
the statistical analysis because of pregnancy and eventually,
and thus data on 75 subjects were available for the intention-
to-treat analysis. Table 2 indicates the results of anthropomet-
ric measurements, SBP and DBP values for the three
mentioned groups at the beginning and at the end of the
8-week intervention. Among all of the three groups, no signifi-
cant difference between waist to hip ratio (WHR), mid upper
arm circumference (MUAC), systolic blood pressure (SBP), and
diastolic blood pressure (DBP) values were found after the
intervention (P>0.05). Similarly, no significant difference
between the variables shown in the table was observed among
the groups at the beginning of the study.

As expected, a reduction in body weight was observed in
the groups that received LCD. The pairwise comparisons used
with Bonferroni, were performed to determine the changes in
BMI, and waist circumference and showed statistical significant
differences between the PLCD and PWLCD groups (P<0.001)
which was compatible for the RLCD and PWLCD groups, as well
(P<0.001). In addition, our data revealed a significant
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difference within the groups that received LCD, before and after
the intervention. Although the RLCD group showed a greater
rate of changes in body weight, BMI and hip circumference
(24.87, 21.9, and 23.18, respectively) compared to the PLCD
group (24.23, 21.55, and 21.84, respectively) these differences
did not reach statistical significance. By contrast, the results
showed that among all measured variables, only waist circum-
ference changes were greater in PLCD group compared to the
RLCD group (22.78 and 22.3, respectively), however this differ-
ence was also statistically weak (P 5 0.7).

The range of measured cytokines produced by PBMCs
(Fig. 2) was not statistically different among all of the three
groups at the beginning of the intervention, though the
amounts of several cytokines production in cultures were sig-
nificantly affected after the 8-week dietary intervention. As it
is illustrated in Fig. 2a, a significant reduction of IFN-c in su-
pernatant of PBMCs was observed only in the two groups that
consumed probiotic yogurts and the P-values were 0.001 and
0.01 in PLCD and PWLCD groups, respectively, which was not
significant between the groups before and after the 8-week di-
etary intervention. Besides, prior to the intervention, the IL-4
levels in the supernatant of PBMC were not statistically differ-
ent between the three dietary groups, however after the
8-week of intervention, a significant reduction in the concen-
tration of IL4 was observed in their supernatant of PBMCs
(Fig. 2b; PLCD, P 5 0.01; RLCD P 5 0.03; PWLCD P 5 0.02).

ANCOVA also revealed significant differences in the
expression of IL-10 between the groups (P 5 0.002). In accord-
ance with these results, the increasing amount of the IL-10
was greater among the two groups that consumed probiotics
compared with the group that did not receive a weight loss
regimen (253 vs. 206 pg/mL). Similarly, according to the Bon-
ferroni method, a statistical difference in the IL-10 levels was
present between the groups with LCD (P 5 0.003), which was
compatible for the RLCD and PWLCD group as well (P 5 0.01).
Our data also showed that the 8-week intervention with probi-

otic yogurt with and without LCD, led to a significant increase
of IL-10 production in PBMC culture (Fig. 2c). Additionally, it
was observed that the PBMCs of subjects with PLCD produced
much higher amounts of IL-10 in culture (P 5 0.004).

The supernatant of PBMCs of individuals with PLCD and
RLCD had a significantly lower level of IL-17 compared to the
baseline values (P<0.001). The reduction of this cytokine level
in the supernatant of PBMCs of PLCD and RLCD groups was
greater than those groups that consumed probiotic yogurt only
(2617 and 2670 pg/mL, respectively, vs. 2217 pg/mL). Nota-
bly, after the 8-week dietary intervention, the amount of IL-17
produced by PBMCs from PLCD group was statistically
(P<0.05) lower than the group received probiotic yogurt only
(Fig. 2d). According to the data presented in Fig. 2e, there was
an increase in the concentration of TGF-b in supernatant of
PBMCs of participants who consumed probiotic yogurt after
the intervention, yet it was not statistically significant.

Furthermore, our results indicated that the concentration of
TNF-a produced by PBMCs was totally decreased, although the
statistical significance (P<0.001) was only shown for the super-
natant of groups who received LCD with or without probiotic yo-
gurt, which was precisely more obvious among the group who
received probiotic and LCD together (2391 pg/mL). Moreover,
the production level of TNF-a by PBMCs of groups with PLCD
was significantly (P 5 0.02) lower than the TNF-a produced by
PBMCs from the group that consumed probiotic yogurt only.

The changes in the expression of all studied genes are pre-
sented in Fig. 3. As it is shown, after the 8-week consumption
of probiotic yogurt with LCD, the expression of ROR-Çt was
decreased by 0.7 6 0.66 (P 5 0.007), Tbet was decreased by
0.79 6 0.88 (P 5 0.02), and IFN-c genes was decreased by
0.87 6 1.25 (P 5 0.04). This reductions in PLCD group was
more than the other two groups. Likewise, the statistical anal-
ysis revealed a significant reduction in the gene expression of
IFN-c and RORÇt in PLCD and PWLCD groups, as well
(P 5 0.049 and P 5 0.006, respectively). There was also a

Primer sequences used to amplify the target genes in SYBR green based Real Time PCR experiment

Gene name Reverse Forward

Foxp3 50ATGGCCCAGCGGATGAG30 50GAAACAGCACATTCCCAGAGTTC30

GATA3 50AAGGGGCGACGACTCTGCAAT30 50TCTTCGCTACCCAGGTGACCCGA30

IFN-Ç 50GCTGCTGGCGACAGTTCAGC30 50AGCATCCAAAAGAGTGTGGAGACCA30

Tbet 50CCCGGCCACAGTAAATGACAG30 50TGTTGTGGTCCAAGTTTAATCAGCA30

TGF-b 50CGGAGCTCTGATGTGTTGAAGA30 50CGCGTGCTAATGGTGGAAAC30

TNF-a 50GGCGGTTCAGCCACTGGAGC30 50CTCTGGCCCAGGCAGTCAGATCA30

ROR-Çt 50ATCGGTTTCGGCTGGTGCGG30 50TGCAAAGAAGACCCACACCTCACA30

b-Actin 50GCCGATCCACACGGAGTACT30 50CCTGGCACCCAGCACAAT30

TABLE 1
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significant difference in the expression of Tbet gene between
the PLCD and RLCD groups (P 5 0.01).

Likewise, the expression of FOXP3 gene by PBMCs was
statistically significant different between the three groups
(P<0.001) and by changes were 11.2 6 6.7, 6.0 6 2.5, and 6.3
61.9 fold for PLCD, RLCD, and PWLCD groups, respectively.
Notably, significant changes in the expression of FOXP3 were
also present between the groups (P<0.001). Our results also
indicated a slight but not significant decrease in the expression
of GATA3. However, the expression of TGF-b was significantly
increased among all studied groups after the intervention,
although it was not significantly different between the three di-
etary groups.

4. Discussion
Recently, the importance of intestinal microbiome effects on gut
health has been well-recognized. Thus, in this study, we investi-

gated the immunomodulatory effects of some species of probiotics
on T lymphocyte subsets along with a low calorie diet in obese
men and women. Specifically, we used probiotic yogurt containing
Lactobacillus acidophilus LA5, lactobacillus casei DN001, and
Bifidobacterium lactis Bb12 with or without a weight loss diet for
8 week to delineate their beneficial effects on modulating the
immune system in overweight and obese individuals. While, many
studies have evaluated immunoregulatrory effects of weight loss
diet as well as probiotic intake, individually no study have exam-
ined the combined assessment of simultaneous effects of probiotic
intake and weight loss in subjects with BMI>25.

A primary approach to lose the body weight and treat the
obesity complications is to lower caloric intake, which can
improve the metabolic profile of obese individuals. Cani et al.
[18] reported that a high-fat diet can increase the level of lipo-
polysaccharides (LPS) in serum, which can lead to increased
levels of proinflammatory cytokines in different types of tissues.
Their study was performed on mice that were fed diets

The anthropometric measurements, SBP and DBP in three study groups

Parameter Week PLCD (n¼25) RLCD (n¼ 25) PWLCD (n¼25) P value*

Age (years) 0 36 6 8.4 36 6 9.7 35 6 8.8 NS

Height (cm) 0 168.64 6 2.21 161.6 6 1.48 164.9 6 1.88 NS

Body weight (Kg) 0 90.63 6 14 87 6 22 86.68 6 15.3 <0.001

8 86.4 6 14a 82.13 6 21.5a,b 86.72 6 15.31c

BMI (Kg/m2) 0 33.8 6 6.35 33.9 6 6.73 32 6 3.62 <0.001

8 32.25 6 6.31a 32 6 6.53a,b 32 6 3.65c

Waist circumference (cm) 0 113.28 6 18.44 110.3 6 13 112 6 10.88 <0.001

8 110.5 6 19a 108 6 12.68a,b 112 6 10.73c

Hip circumference (cm) 0 115 6 8.23 113.18 6 10.12 113.23 6 9 <0.001

8 113.16 6 8a,c 110 6 8.76a,b 113.2 6 8.8c

WHR 0 0.95 6 0.12 0.9 6 0.07 0.89 6 0.08 NS

8 0.94 6 0.12 0.89 6 0.07 0.9 6 0.08

MUAC (cm) 0 35 6 3.5 34.3 6 4.17 33.8 6 3.04 NS

8 34.7 6 3.37 34 6 3.84 33.24 6 2.8

SBP (mm Hg) 0 11.9 6 1.03 11.7 6 1.14 11.74 6 0.98 NS

8 11.7 6 0.65 11.73 6 0.58 11.92 6 0.7

DBP (mm Hg) 0 7.91 6 0.73 7.71 6 0.71 7.56 6 0.71 NS

8 7.54 6 0.52 7.66 6 0.56 7.58 6 0.55

Values are presented as mean6 SD. BMI: body mass index, WHR: waist to hip ratio, MUAC: Mid-Upper Arm Circumference, SBP: systolic blood

pressure, DBP: diastolic blood pressure. NS: nonsignificance. *P value for the comparison of changes after consumption of probiotic yogurt and

Low Calorie Diet (LCD). Values were tested by ANCOVA after intervention. All results were adjusted for sex and age. Means not sharing a com-

mon letter are significantly different (P<0.05).

TABLE 2
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Effects of probiotic yogurt and Low Calorie Diet (LCD) on cytokine production by peripheral blood mononuclear cells (PBMCs)

before and after intervention. PBMCs culture supernatants were collected from overweight and obese individuals at the base-

line and at the end of the 8 week after probiotic yogurt consumption among with a Low calorie diet (LCD). Cytokines were

measured by enzyme-linked immunosorbent assay. Data are expressed as mean 6 SD. Differences between and within the

three groups before and after intervention were tested by ANCOVA and paired sample t-test, respectively. Mean values within

a graphic without a common letters are significantly different with P<0.05. a: IFN-c, b: IL-4, c: IL-10, d: IL-17, e: TGF-b, and

f: TNF-a. *Indicates P<0.05.

FIG 2
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supplemented with oligofructose, which could have resulted in
bifidobacterial growth, lowering the high-fat-induced intestinal
permeability of gut epithelium and consequently reducing the
transposition of LPS from the gut lumen into the blood stream,
and resulting in a decreased formation of proinflammatory
cytokines.

Our findings clearly demonstrated that a combination of pro-
biotics and weight loss diet could result in an up regulation of
FOXP3 gene expression in overweight and obese individuals. As it
has been known, inducing Foxp31 Treg cells is a crucial trait of
mucosal immune tolerance [19]. Meanwhile, Konieczna et al con-

cluded that Bifidobacter infantis administration to healthy indi-
viduals would promote the numbers of Foxp31CD41 T cells in
the peripheral blood, which could give rise to the secretion of
high levels of IL-10 following stimulation [9].

This study showed that, the profile of cytokines produced
by PBMCs was altered after dietary treatment with probiotics.
Our results also indicated that consumption of probiotic yo-
gurt, which contained a mixture of studied strains was effec-
tive in decreasing IL-17 and TNFa produced by PBMCs. In ac-
cordance with our results, it has been shown that the
probiotics were also effective on promoting the secretion of IL-

Changes in gene expression of cytokines and transcription factors in PBMCs isolated at the end of intervention from all partici-

pants. RT-PCR analysis of the expression of inflammatory cytokines (TNF-a, IFN-c), anti-inflammatory cytokines (TGF-b) and

subset specific transcription factors of T lymphocyte (Tbet, ROR-ct, GATA3, FOXP3) for 8 week after intervention for each group

was presented. Data present the mean 6 SD of 25 subjects per group (**�0.05 *P<0.05). Means within a graphics without a

common letter are significantly different, P<0.05. a: GATA3, Tbet, b: IFN-c, TNF-a, TGF-b, and c: ROR-ct, FOXP3.

FIG 3
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10, which is a cytokine with a putative immunoregulatory
properties [20]. IL-10 cytokines produced by some dendritic
cells (DC) stimulated by probiotics might also lead to differen-
tiation and improvement in function of Treg cell subsets [21].

Increased level of IL-10 in supernatant of PBMCs in this
study can be considered as an increased anti-inflammatory
response of the immune system. Similarly, some prior studies
postulated that Lactobacillus species may have clinical impor-
tant roles in modifying T-cell responses in both in vitro and in
vivo studies [22–24]. In our study, the combination of three
probiotic bacteria, Lactobacillus acidophilus LA5, lactobacillus
casei DN001, and Bifidobacterium lactis Bb12 proved to have
significant and synergistic effects on modulating T cell
responses.

The capability of different strains of Lactobacillus to stimu-
late IL-10 production varies considerably [24]. It has been
reported that the IL-10 levels in the supernatant of PBMCs
culture positively correlated with the number of Treg cell pop-
ulation [23,25]. In line with this notion, we found that FOXP3
(but not GATA3) expression was notably up-regulated in
PBMCs obtained from probiotics consumers.

T cells are functionally classified to several subsets includ-
ing Th1, Th2, Th17, and Treg. Differentiation pattern of T cells
is known to be a good diagnostic indicator of several patholog-
ical conditions and provides the basis for the development of
new strategies for preventing or treating diseases [26]. The
findings of our study showed that consuming the probiotics led
to down-regulation of IFN-c levels and moderately decreasing
IL-4 levels in the supernatant of PBMCs culture, which sug-
gests that the dietary intervention with a mixture of these
three probiotics suppressed the Th1 as well as Th2 immune
responses. Consistent with our findings, it was observed that
administration of one heat-killed, lactobacilli strain such as L.
casei shirota, resulted in a down regulation of the existing Th2
allergic and pulmonary inflammatory responses when subcu-
taneous, and airway allergy challenges were administered
[27].

According to previous findings, it has been reported that
IL-10 induced by probiotic bacteria could modulate immune
responses [26] by inhibiting the production of IL-2, IL-12, and
TNF-a which were produced by antigen-presenting cells and
Th1 cells [28,29]. Earlier reports have also indicated that pro-
biotic bacteria could induce a pattern of DC maturation char-
acterized by increased levels of IL-10 to inhibit the generation
of proinflammatory Th1 cells [27].

Different species of UV irradiated lactobacilli have also
been shown to yield identical results in producing Treg cells
indicating that regulatory DC priming does not depend on via-
bility of the bacteria. It was believed that probiotics have heat–
stable antiproliferative components, which are responsible for
their immuno-suppressive effects [22]. Our findings is in agree-
ment with previous report indicating that Lactobacillus aci-
dophilus LA5, lactobacillus casei DN001, and Bifidobacterium
lactis Bb12 are also able to down regulate ROR-ct and T-bet
gene expression, which are the transcription factors specific

for Th17 and Th1 cells. Based on statistical analysis, the
weight loss diets did not affect the expression of T-bet gene. It
has been shown that nonpathogenic microbes can be recog-
nized by receptors on DC eliciting a state of alertness, which is
beneficial in deviation of immune reactions toward Treg
responses.

In spite of the few in vitro reports of Treg stimulation by
probiotics, it was well established that commensal intestinal
bacteria are essential for inducing the gut-homing Tregs [30].
Moreover, commensal bacteria have an important role in bal-
ancing the development of Tregs and Th17 cells in the intes-
tine, as well [31]. Components of Gram-positive bacteria are
previously recognized by Toll-like receptor 2 (TLR2) on T cells
during the activation phase and can raise the cells to regula-
tory phenotype [32]. However, the nature of the maturation
agent may regulate the pattern of cytokine production of DCs
that subsequently direct the polarization of naive T cells to-
ward different subtypes of effector lymphocytes [33]. Thus, it
is worth to consider that intestinal probiotics might have
immunoregulatory effects through altering the T-cells differen-
tiating capacity caused by DCs response to probiotics in the
gut. Additionally, specific cytokine production by PBMCs
exposed to the different Bifidobacterium strains has been
known to corroborate the role of probiotics in the polarization
of immune reactions.

Probiotic bacteria can stimulate Treg cells, which might be
an ideal process in tolerogenic gut environment. It has been
believed that the effects of probiotics on the maturation of T
cells surrounding the gut are strain-dependent. Yet, there is
little information on the immunoregulatory effects of different
components of bacteria [34].

It has been previously suggested that the genomic DNA
released by exogenous bifidobacteria, stimulates PBMCs to
produce IL-10 [35]. However, increasing in FOXP3 mRNA
expression in peribronchial lymph nodes has been detected af-
ter consumption of Bifidobacterium lactis Bb12 and LGG, sug-
gesting that the stimulation of regulatory cells could be pro-
vided by these strains [36]. The results of this study are
consistent with those of Smits et al. [37] who showed that DC
primed with L. reuteri or L. casei are able to induce IL-10-
producing T cells. Other studies also reported that coculture of
PBMCs with lactobacillus led to decreased production of Th2
cytokines, and Bifidobacterium Bb-12 and L. acidophilus and
thus the inhibited IL4 production. While lactobacilli (L. johnso-
nii) have been shown to induce TGF-b mRNA in co-cultures of
leukocytes and intestinal epithelial cells (Caco-2 cells)
[38].However, we did not observe any effects on TGF-b produc-
tion.

Toll-like receptors (TLR) are molecular patterns that medi-
ate the recognition of bacterial products by the immune sys-
tem. TLR4, the first identified TLRs, has been the focus of par-
ticular interest because of its role as the receptor for LPS and
has been widely studied in both enterocytes and immune cells.
Previously administrating Lactobacillus casei CRL 431 to
healthy mice increased expression of TLR2, TLR4, and TLR9
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and induced the secretion of IL-10 in the Peyer’s patches,
which are the induction sites of the mucosal immune system.
Although probiotics and pathogenic bacteria may share TLR
signaling, their downstream substrates and outcomes might be
different. Actually, some probiotic strains such as L. casei and
even their cellular components are reported to activate both
NF-kB and p38 MAPK signaling pathways [39].

We also studied the effects of a weight loss diet in combi-
nation with probiotic yogurt. Our results showed that weight
loss diets led to a decrease in releasing the IL-17 and TNFa
from PBMCs, which are two cytokines with putative inflamma-
tory effects. According to what Viardot et al. had done, [40] di-
etary energy restriction with a cumulative13.5% weight loss
would reduce proinflammatory Th1 cells number and shifting
the Th1 to Th2 phenotype, which is totally compatible with
our findings, as we showed that the cytokines secreted by Th1
were suppressed.

Weight reduction following bariatric surgery has also been
shown to affect the immune cell subpopulations and reduce
circulating inflammatory cytokines [41]. It has been also
known that controlling the energy intake along with a weight
reduction could change the profile of specific T lymphocyte
phenotypes.

The mechanism by which energy restriction and weight
loss leads to better proinflammatory conditions of the immune
system has not been well understood. Functional changes in
the biology of adipose tissue or energy restriction, independent
of weight loss, may play significant roles in changing lympho-
cyte phenotypes. Fasting has been shown to reduce T lympho-
cyte numbers, changes their activation status (CD69
expression), and increases anti-inflammatory Th2 lymphocytes
among patients with rheumatoid arthritis [42] indicating that
acute energy restriction can control immune cell activation.
Viardot et al. revealed that a reduction in Th1/Th2 ratio was
associated with the reduction in weight and waist circumfer-
ence [40].

Two studies have investigated the relationship between
adipose tissue macrophages and weight loss after a low calorie
diet or bariatric surgery reporting that weight loss was associ-
ated with decreased inflammatory genes expression [43,44].
Based on our results, it can be concluded that not only weight
loss is beneficial for cardiovascular health, but also provides
conditions for regulating immune responses and prevent
immune disorders, as well.

We had to convince the participants to be merely strict on
consuming our supplied yogurt in fixed amount and intervals,
which was a main limitation in our study, although we could
unravel the problem by regular weekly phone calls and meet-
ing them during the intervention period. We suggest that
including a control group without any intervention on weight
reduction or probiotic products would result in more accurate
and careful outcome in upcoming studies.

In conclusion, we have shown that the consumption of pro-
biotic yogurt containing Lactobacillus acidophilus LA5, lacto-
bacillus casei DN001, and Bifidobacteriumlactis Bb12 with or

without weight reduction for 8 week had beneficial effects on
the immune system among overweight and obese individuals.
The combination of a weight loss diet and consumption of pro-
biotic yogurt appears to be more effective on improving
immune vigor and reducing inflammatory mediators than con-
suming only probiotics in overweight and obese individuals.
Overall, our findings suggest that the consumption of probiot-
ics as an immunomodulatory factor, alleviating some chronic
inflammatory complications in obesity would be beneficial.
Compelling of evidence has indicated that bacterial count
using fecal sample provides a better estimate of intervention
with probiotics. In subsequent study we will make every effort
to collect fecal samples to evaluate changes in bacterial spe-
cies and abundance in particular among obese and overweight
individuals.
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