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Uncontrolled inflammation in systemic lupus erythematosus (SLE) could cause

dysfunction in multiple organs. T helper 17 (Th17) cells are a main branch of

inflammatory responses in the pathogenesis of SLE, and by producing interleukin

17 (IL‐17), represent a major functional tool in the progression of inflammation.

Animal models provide a special field for better studies of the pathogenesis of

diseases. Tolergenic probiotics could decrease inflammation in autoimmune diseases

by modulating the immune system and maintaining homeostasis. The aim of this

project was to evaluate the effects of Lactobacillus rhamnosus and Lactobacillus

delbrueckii on Th17 cells and their related mediators in a pristane‐induced BALB/c

mice model of SLE. The mice were divided into pretreatment groups, which received

probiotics or prednisolone at Day 0, and treatment groups, which received probiotics

and prednisolone 2 months after injection. The presence of antinuclear antibody

(ANA), anti‐double‐stranded DNA (anti‐dsDNA), and anti‐ribonucleoprotein (anti‐
RNP) and lipogranuloma was evaluated; also, the population of Th1–Th17 cells as well

as interferon γ (IFN‐γ), IL‐17, and IL‐10 levels, and the expression of RAR-related

orphan related receptor gamma (RORγt) and IL‐17 were determined. We observed

that probiotics and prednisolone could delay SLE in pretreatment and treatment mice

groups, with a reduction in ANA, anti‐dsDNA, anti‐RNP, and mass of lipogranuloma.

Probiotics and prednisolone decreased the population of Th1–Th17 cells and reduced

IFN‐γ and IL‐17 as inflammatory cytokines in the pretreatment and treatment groups

in comparison with SLE‐induced mice. Our results indicated that, due to their anti‐
inflammatory properties and reduction of Th17, Th1, and cytotoxic T lymphocyte

(CTL) cells, the use of these probiotics could probably represent a new tool for the

better management of SLE.
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1 | INTRODUCTION

Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune

disease with loss of tolerance against self‐antigens that leads to the

formation of immune complexes, autoantibodies, and autoreactive

T cells, and the production of inflammatory cytokines subsequent to

tissue damage and progression of the diseases. Factors, such as the

genetic context, as well as environmental and hormonal changes,
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could stimulate SLE diseases, but the main stimulators of the disease

still remain unknown (Gunawan et al., 2017). The role of the immune

system in the induction and development of SLE is determinative. In

the innate immune system, after inflammation, increased release of

nucleic acids from apoptotic cells and their identification by toll like

receptors (TLRs) could lead to the production of interferon (IFN)‐α
and also activation of innate immune cells, especially dendritic

cells (DCs). DCs could activate autoreactive T cells and the

production of autoantibodies in the advanced immune system

(Ettinger et al., 2007).

CD4+ T cells play an important role in the pathogenesis of SLE.

Th1/Th17–Treg balance is necessary to maintain hemostasis and

return to the basic state of the immune system. T helper 17 (Th17)

cells and their inflammatory cytokines contribute toward the

pathogenesis of SLE (Faraji et al., 2016; Reihani et al., 2015).

Different studies have reported an increase in the population of Th17

cells and their inflammatory cytokines (Xing, Wang, Su, Cui, & Li,

2012). In patients with SLE, increased levels of inflammatory

mediators facilitate the differentiation of CD4+ T cells to the Th17

lineage. In fact, an augmented level of interleukin (IL)‐6 and IL‐23, in
the presence of transforming growth factor β (TGF‐β), induces the

production of Th17 cells from naïve T CD4+ (Bettelli et al., 2006;

Kang, Liu, & Datta, 2007). STAT3 and RAR-related orphan related

receptor gamma (RORγt) transcription factors are necessary for

Th17 lineage commitment (Ivanov et al., 2006), and IL‐17 is the main

mediator of Th17 cells in the pathogenesis of SLE. Many studies have

shown an increased amount of IL‐17 in both animal models and

human SLE patients (Crispín et al., 2008). IL‐17 mediates different

effects on the progression of SLE; IL‐17 could affect the production

of cytokines and chemokines, and by increasing the amount of

granulocyte‐macrophage colony‐stimulating factor expands the

activation of neutrophils in the inflammation sites (Gaffen, 2008).

Also, IL‐17 contributes toward an increased activation of the humoral

immune system. This cytokine, in collaboration with B‐cell activation
factor, facilitates the migration of B cells to the germinal centers

(GC). IL‐17 also plays an important role in the production of IL‐21,
which is very crucial to the formation of GC and autoantibody

production (Sawalha et al., 2008). In MRL/lpr mice, blockage of

IL‐21R improved signs of SLE diseases (Herber et al., 2007).

Animal models are reliable systems for studying the mechanisms

involved in the pathogenesis of SLE, and different types of

spontaneous and induced mice models have been developed for

SLE studies (Celhar & Fairhurst, 2017). A pristane‐induced mice

model of SLE is an inducible SLE model in female BALB/c mice (Perry,

Sang, Yin, Zheng, & Morel, 2011), and many investigators have used

this model to identify therapeutic targets and to understand the

molecular and cellular basis of SLE (Satoh & Reeves, 1994)

Probiotics are live microorganisms that exist in the intestinal

tract and are considered normal flora (Fijan, 2014). Probiotics could

regulate the development and responses of the immune system

(Esmaeili et al., 2017), and the modulatory effects of probiotics could

maintain hemostasis of the immune system. The roles of probiotics in

the reduction of inflammatory response in allergy and autoimmune

diseases have been previously demonstrated (Fernandez et al., 2011;

Ouwehand, Salminen, & Isolauri, 2002). Lactobacilli are the main

probiotics that show beneficial effects on health (Dolpady et al.,

2016). Through a different mechanism, Lactobacillus rhamnosus GG

(LGG) could decrease inflammatory responses in autoimmune

diseases, such as SLE. LGG could restore immune tolerance through

the release of inhibitory cytokines, such as TGF‐β, and proliferation

of regulatory T cells (Konieczna et al., 2015). In addition, LGG could

reduce the levels of IL‐23 and IL‐17 in the peripheral blood

mononuclear cells (PBMCs; Ghadimi, Helwig, Schrezenmeir, Heller,

& de Vrese, 2012b). In mice models, oral administration of and DNA

intraperitoneal injection of LGG activate the inhibitory immune

response (Ferstl et al., 2014). Lactobacillus delbrueckii can regulate the

immune response and restore immune tolerance (Talaat, Mohamed,

Bassyouni, & Raouf, 2015; Valencia, Yarboro, Illei, & Lipsky, 2007). It

was recently shown that the daily use of L. delbrueckii could establish

systemic and local immune responses and ameliorate anticolitis

effects in patients (Rocha et al., 2014).

Because of the modulatory effects of L. rhamnosus and

L. delbrueckii on the reduction of inflammatory responses in

autoimmune diseases, in the current study, we aimed to evaluate

the effect of these probiotics on Th17 cells and their mediators in a

pristane‐induced mice model of SLE.

2 | MATERIALS AND METHODS

2.1 | Animals

Female BALB/c mice (3–4 weeks) were purchased from the Pasteur

Institute of Iran (Tehran, Iran) and they were all kept under standard

laboratory conditions (in pathogen‐free cages at 25°C and 40–70%

humidity) under a 12 hr day–night cycle during the process and with

full access to food and water. Mice were adapted to the new

environmental conditions for 2 weeks. Throughout the study, we

complied with all national guidelines on the care of laboratory

animals and the study protocol was approved by the Animal Ethical

Committee of Mashhad University of Medical Sciences.

2.2 | Induction of the experimental SLE model

For induction of SLE, all female mice (4–6 weeks), except negative

controls, were immunized by 0.5 ml of an intraperitoneal injection of

pristane (2,6,10,14‐tetramethylpentadecane; Satoh & Reeves, 1994)

on “Day 0.” The study protocol of the current project included eight

groups: negative group, an SLE‐induced (positive) group, and

delbrueckii‐, rhamnosus‐, and prednisolone‐receiving pretreatment

and treatment groups; six mice were included in each group (Table 1).

2.3 | Probiotic preparation

L. delbrueckii (DEL) subsp. lactis (PTCC: 1743) was purchased from the

Iranian Research Organization for Science and Technology, and

L. rhamnosus (RAM; ATCC: 9595) was obtained from the Pasteur

Institute of Iran. Lyophilized L. delbrueckii subsp. lactis and L. rhamnosus
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were cultured on MRS broth (Biolife, Milano, Italy) at 37°C for 1 hr, and

then, the grown bacteria were centrifuged for 2min at 2,500 rpm; the

pellet was cultured under microaerobic conditions for 24 hr at 37°C in

MRS agar. Then, one colony was transferred to MRS broth and cultured

for 2 hr at 37°C under an anaerobic condition untill it reaches the log

phase (the time of the log phase was optimized in our laboratory in

previous projects). The number of probiotics, after washing twice in a

PBS solution, was calculated, and 108 bacteria/mice were prepared for

daily oral consumption. One milliliter of MRS broth with optical density

(OD) = 1.1 contained 8.8 × 108 bacteria/ml. Prednisolone (5mg/kg) was

also prepared in 20 μl and also administered to the related groups.

2.4 | Detection of antinuclear antibody (ANA)

The presence of ANA was determined using the indirect immuno-

fluorescent method and commercial slides (Euroimmun, Lubek,

Germany). Diluted serum (1:10) of mice was layered on slides

containing HEp‐2 and BHK cells for 30min at room temperature.

After incubation, the slides were washed (5×) with PBS–Tween with

shaking and incubated for 30min with fluorescein isothiocyanate–

conjugated anti‐mouse immunoglobulin G (IgG; 1:100; Sigma Aldrich,

St. Louis, MO). After washing (5×), the slides were analyzed by

fluorescent microscopy.

2.5 | Determination of anti‐double‐stranded DNA
(anti‐dsDNA), anti‐ribonucleoprotein (anti‐RNP)
autoantibody titers

The total amounts of anti‐dsDNA and anti‐RNP antibodies were

measured in the sera of mice using a commercial enzyme‐linked
immunosorbent assay (ELISA) kit (Hangzhou Eastbiopharm Co. Ltd.,

Hangzhou, China). Briefly, the diluted serum samples (1:5) were

incubated for 30min at 37°C with precoated plates. After washing

(5×), horseradish peroxidase–conjugated IgG was added and the

plates were incubated for 30min at 37°C. Then, the plates were

washed (5×) and chromogen reagent was added and the plates were

incubated for a further 10min at 37°C. After the addition of stop

solution (1 N H2SO4), the OD of each well was measured at 450 nm

using a Convergys ELISA reader (Convergent Technologies, Marburg,

Germany).

2.6 | Splenocytes preparation

After 6 months, the mice were killed and the spleens were isolated

from 48 female BALB/c mice and kept in cooled RPMI 1640 media

(Gibco Laboratories, Detroit, MI). Then, splenocytes were prepared

by needle perfusion using RPMI 1640. After that, red blood cells

were removed through lyses buffer (0.84% [wt/vol] ammonium

chloride solution). Then, splenocytes were washed twice by ice‐cold
PBS centrifugation (400 g, 10min, 4°C) and finally the cells were

resuspended in RPMI 1640 supplemented with 10% fetal bovine

serum (FBS), 2 mM L‐glutamine, 100 U/ml penicillin, and 100 μg/ml

streptomycin (all from Gibco Laboratories). The viability of the

isolated splenocytes was determined using 0.1% trypan blue dye.

2.7 | Flow cytometry analysis of Th17 and IFN‐γ
producing cells

To study the intracellular cytokine production by splenocytes, the cells

were cultured in RPMI 1640 medium containing 10 μg ionomycin and

10 μg Brefeldin (Sigma Aldrich) for 5 hr to activate the cells for the

production of cytokines. After incubation, the cells were subjected to an

intracellular staining procedure using the eBioscience kit (eBioscience,

San Diego, CA); briefly, the cells were first stained for each surface

antibody (CD4 and CD8; eBioscience) for 30min at 4°C, and then the

cells were fixed and permeabilized and stained by anti‐IL‐17
(eBioscience) and anti‐IFN‐γ (eBioscience) for 20min at 4°C. IgG

isotypes were used for compensation and all samples were analyzed

using a flow cytometer (FACS Calibur, Becton Dickinson, San Jose, CA).

2.8 | Measurement of IL‐17, IL‐10, and IFN‐γ
production

To study the production of IL‐17, IL‐10, and IFN‐γ by the splenocytes,

2 × 106 cells/ml were cultured for 72 hr in RPMI 1640 containing 10%

FBS (Gibco Laboratories) with and without 5 ng/ml of phytohemagglu-

tinin (Gibco Laboratories). After incubation, the supernatants were
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TABLE 1 Mice groups studied in this study

Objective Received matter

Pretreatment groups: Intraperitoneal injection of pristane and

simultaneously receiving probiotics from Day 0 and daily

Injection of pristane + oral administration of Lactobacillus delbrueckii

Injection of pristane + oral administration of Lactobacillus rhamnosus

Injection of pristane + oral administration of prednisolone

Treatment groups: Intraperitoneal injection of pristane on

Day 0, and received probiotics from the second month

Injection of pristane + oral administration of L. delbrueckii

Injection of pristane + oral administration of L. rhamnosus

Injection of pristane + oral administration of prednisolone

SLE‐induced (positive) group Intraperitoneal injection of pristane without receiving probiotics or

prednisolone

Negative control group Intraperitoneal injection of PBS

PBS, phosphate‐buffered saline; SLE, systemic lupus erythematosus.



collected and stored at –80°C. IL‐17 levels were determined using a

mouse IL‐17A ELISA kit (eBioscience), IL‐10 levels were determined

using a mouse IL‐10 ELISA kit (eBioscience), and IFN‐γ levels were

determined using a mouse IFN‐γ ELISA kit (eBioscience).

2.9 | Quantitative real‐time polymerase chain
reaction (PCR) analysis

RNA was extracted from splenocytes (2 × 106 cells) using Tripure

(Roche, Mannheim, Germany) and complementary DNA (cDNA) was

synthesized using a cDNA synthesis kit (Fermentas, Vilnius, Lithuania)

according to the manufacturers’ instructions. To evaluate the expression

levels of IL‐17 and RORγt, real‐time PCR was performed using the SYBR

Green method and sense and antisense primers (Table 2) using a Rotor‐
Gene 6000 real‐time PCR machine (Qiagen, Hilden, Germany). A

comparative Ct method (ΔΔCt) was used for the analysis of PCR data.

The β2‐microglobulin gene was used as the internal control reference

gene for normalization of the results. Gene expression was finally

calculated using the −ΔΔ2 Ct (Livak & Schmittgen, 2001).

2.10 | Statistical analyses

Prism software was used for all analyses (IBM Company, Armonk, NY).

The normality of the data was first examined using descriptive statistics.

Comparison between variables with a normal distribution was

performed using analysis of variance and in variables with a nonnormal

distribution, analysis was performed using the Kruskal–Wallis test.

3 | RESULTS

3.1 | Induction of SLE in mice by pristane

To confirm the induction of SLE in mice, we studied the production of

ANA, anti‐dsDNA, anti‐RNP, and peritoneal lipogranuloma presence

6 months after injection. In the positive mice group (SLE‐induced group),

ANA was positive, whereas in all the pretreatment and treatment groups

receiving probiotics and prednisolone, ANA was negative, except in the

delbrueckii‐receiving groups (Figure 1a). Our results showed increased

levels of anti‐dsDNA in the SLE‐induced group in comparison with the

Day 0 and negative group (p≤0.0001 and 0.0003). In all probiotic‐
receiving groups as well as prednisolone‐receiving groups, the titer of

anti‐dsDNA decreased in comparison with the positive group (p≤0.05;

Figure 1b). Anti‐RNP titer increased in the SLE‐induced group in

comparison with the Day 0 and the negative control group as well as

all probiotic‐receiving groups, but this difference was not statistically

significant (Figure 1d). In the sixth month, we evaluated the lipogranu-

loma lesions in the peritoneum of all killed mice groups. The results

showed different severity of lesions in different groups. In probiotics‐ and
prednisolone‐receiving groups, the severity of the lipogranuloma lesions

was decreased in comparison with the SLE‐induced group (Figure 1c).

3.2 | Oral administration of tolergenic probiotics
reduced Th1–Th17 polarization

Treatment with L. rhamnosus and L. delbrueckii and prednisolone

significantly decreased Th1–Th17 polarization compared with the

positive control group (SLE‐induced mice). We observed a significant

reduction in the CD4+IL‐17+, CD4+IFN‐γ+, and CD8+IFN‐γ+ population
in all probiotics‐ and prednisolone‐receiving groups (pretreatment and
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TABLE 2 Sequence of primers used in this study

RORγt F 5′‐GGATGAGATTGCCCTCTA‐3′

R 5′‐CCTTGTCGATGAGTCTTG ‐3′

IL‐17 F 5′‐CCTCAgACTACCTCAACC ‐3′

R 5′‐CCAgATCACAgAgggATA ‐3′

B2mG F 5′‐CCTGTATGCTATCCAGAA ‐3′

R 5′‐GTAGCAGTTCAGTATGTTC ‐3′

IL‐17, interleukin 17.

F IGURE 1 Results of ANA, anti‐dsDNA, anti‐RNP, and lipogranoluman production in SLE‐induced and probiotic‐receiving mice groups.
(a) Results of ANA test, (b) anti‐dsDNA autoantibody, (c) lipogranuloma lesions, and (d) anti‐RNP autoantibody. ANA, antinuclear antibody;

anti‐dsDNA, anti‐double‐stranded DNA; anti‐RNP, anti‐ribonucleoprotein; SLE, systemic lupus erythematosus. #One‐way analysis of variance
test; *p ≤ 0.05 [Color figure can be viewed at wileyonlinelibrary.com]



treatment) in comparison with the positive and the negative controls

(p ≤ 0.0001; Figure 2).

3.3 | Effects of tolergenic probiotics on the
expression of IL‐17 and RORγt messenger
RNA (mRNA)

We evaluated the expression levels of IL‐17 and RORγt genes by the

real‐time PCR method. The expression of IL‐17 decreased in negative

controls and in all probiotic‐ and prednisolone‐receiving groups

compared with the SLE‐induced groups, whereas it was significant in

the negative controls, the delbrueckii groups (pretreatment and

treatment), and in the prednisolone treatment group (p ≤ 0.0005).

The expression level of RORγt in the negative controls and all

probiotics‐ and prednisolone‐receiving groups was significantly lower

than that in the SLE‐induced group, whereas it was significant in the

negative control group and the delbrueckii groups (pretreatment and

treatment; p ≤ 0.005; Figure 3).

3.4 | Effects of tolergenic probiotics on the
production of IL‐17, IL‐10, and IFN‐γ (ex vivo)

We showed that in cultured splenocytes of SLE‐induced mice, the

production levels of IFN‐γ and IL‐17 increased significantly

compared with the negative controls (healthy groups). In mice

groups receiving probiotics and prednisolone (pretreatment and

treatment), we observed a significant decrease in the levels of

IFN‐γ and IL‐17 compared with the positive control group

(p < 0.0001). Probiotics and prednisolone treatment did not induce

any difference in the production of IL‐10 compared with the

SLE‐induced group (Figure 4).

4 | DISCUSSION

In the current study, we evaluated the effects of two tolerogenic

probiotics (L. rhamnosus and L. delbrueckii) on the pristane‐induced
mice model of SLE. We demonstrated that the administration of the

mentioned probiotics could control SLE disease by induction of

immunoregulatory responses through Th1 and Th17 cells and their

related cytokines. We also showed that the daily consumption of

probiotics as pretreatment and treatment could prevent the

initiation or the progression of SLE disease. Animal models are

useful tools for the study of the pathogenesis of SLE and among

these, pristane‐induced SLE in mice represents a suitable model for

studying the effects of the factors other than the genetic factors

which could influence the induction and/or on the progression of SLE

(Anolik & Aringer, 2005).
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F IGURE 2 Results of CD4+IL‐17+, CD4+IFN‐γ+, and CD8+IFN‐γ+ cells, determination by the flow cytometry method. (a) The percentages
of CD8+IFN‐γ+ cells in all pretreatment and treatment groups receiving probiotics and prednisolone were decreased. (b) The percentages

of CD4+IFN‐γ+ cells in all pretreatment and treatment groups receiving probiotics and prednisolone were decreased. (c) The percentages
of CD4+IL‐17+ cells in all pretreatment and treatment groups receiving probiotics and prednisolone were decreased. IFN, interferon;
IL, interleukin. #One‐way analysis of variance test; ****p ≤ 0.0001

F IGURE 3 Expression level of IL‐17 and RORγt genes. Lactobacillus delbrueckii in pretreatment and treatment groups and prednisolone in the
treatment group significantly decreased the expression level of IL‐17 in comparison with the systemic lupus erythematosus‐induced group.

Expression of RORγt in all probiotics‐ and prednisolone‐treated groups decreased significantly compared with the SLE‐induced group.
IL, interleukin. #One‐way analysis of variance test; *p ≤ 0.005



The significance of live probiotics in the modulation of immune

responses and in the control of disease severity in diseases, such as

cancer, allergy, and autoimmune diseases, has been previously

reported (Hardy, Harris, Lyon, Beal, & Foey, 2013). Therefore,

detection of the mechanisms of the effect of these probiotics could

be very useful in understanding the real pathogenesis of diseases

(Esmaeili et al., 2017).

We showed that a pristane injection in BALB/c mice could induce

SLE‐like disease, along with an increase in the titer of ANA, anti‐
dsDNA, and anti‐RNP autoantibodies, and the formation of lipogra-

nuloma lesions in the induced mice. In agreement with our results,

some previous studies also demonstrated an increase in ANA, anti‐
dsDNA, and anti‐RNP after injection of pristane in mice models

(Freitas, de Oliveira, & Monticielo, 2017; Reeves, Lee, Weinstein,

Satoh, & Lu, 2009). In our study, probiotics and prednisolone

treatment decreased the levels of the above‐mentioned factors in

the related groups in comparison with the SLE‐induced group, and in

some other studies, Lactobacillus decreased the titer of the anti‐
dsDNA autoantibody in MRL/lpr (Mu et al., 2017) and NZB/NZW

mice (Manirarora, Kosiewicz, Parnell, & Alard, 2007), which is in

agreement with our results.

The anti‐inflammatory properties of L. rhamnosus and L. delbrueckii

as tolergenic probiotics have been previously described (Nowak et al.,

2012; Rocha et al., 2014), and in the current study, we evaluated

the effects of these tolergenic probiotics in an in vivo study of the

SLE‐induced mice model to better understand the effects of probiotics

on the modulation of immune responses in SLE. Th17 cells are one of

the main branches of the immune system players in the progression and

in the immunopathology of SLE. Cytokines of Th17 axis, through

induction and maintenance of inflammatory state, cause a condition that

leads to excessive inflammation and tissue damage (Shah et al., 2010). In

our study, treatment with probiotics and prednisolone reduced the

population of Th17 cells and also decreased the expression of IL‐17
mRNA and IL‐17 protein levels. In addition, we found that along with

the aforementioned alterations, L. rhamnosus, but not L. delbrueckii,

decreased the expression levels of the RORγt mRNA transcript as well.

Our results, in agreement with those of others, showed that most likely

each probiotic uses its own special mechanism for the modulation of

immune responses (Marco, Pavan, & Kleerebezem, 2006).

Th1 and cytotoxic T lymphocyte (CTL) cells participate in organ

damage in patients with SLE (Comte, Karampetsou, & Tsokos, 2015),

and we observed increased presence of these cells in the SLE‐
induced mice group, whereas treatment with probiotics reduced the

number of these cells and their related cytokines. These shifts may

demonstrate the systemic regulatory probiotics driving the immune

modulation of Th1, Th17, and CTL cells in mice. Most of the

attempts made to manage SLE have focused on the reduction of

inflammatory mediators and, in line with our results, some

investigators could decrease the progression of SLE disease by

controlling Th1 and Th17 inflammatory cells and their cytokines

(Enghard, Langnickel, & Riemekasten, 2006; Haas, Ryffel, & Le Hir,

1998). In our previous studies, we showed that vitamin D3 could

reduce IL‐17 mRNA in treated mice compared with the SLE‐induced
group (Faraji et al., 2016). In patients with SLE, some probiotics lead

to the reduction of IFN‐γ and IL‐17 by affecting T cells (Chen

et al., 2010).

In the EAE mice model, treatment with probiotics diminished the

response of Th17–Th1 cells through reduction of IL‐17 and IFN‐γ
(Salehipour et al., 2017; Kwon et al., 2013). After treatment with

probiotics, a reduction of IL‐17 and IFN‐γ was reported in a colitis‐
induced mice model (Lee et al., 2008). In patients with inflammatory

bowel disease (IBD), treatment with probiotics reduced RORγt in line

with IL‐17 (Ueno et al., 2013), and another study revealed that oral

intake of B. longum subsp. Infantis a colitis mice model could decrease

the inflammation by a reduction of IFN‐γ‐secreting Th1 and IL‐17‐
secreting Th17 cells (Miyauchi et al., 2013). Probiotics led to the

reduction of IFN‐γ and IL‐17 by effects on T cells, PBMC, and natural

killer cells in patients with IBD (Ghadimi, Helwig, Schrezenmeir, Heller, &

de Vrese, 2012a).

In conclusion, in a pristane‐induced SLE mice model, oral adminis-

tration of L. rhamnosus and L. delbrueckii mainly delayed and controlled

SLE disease by reduction of Th17, Th1, CTL cells, and their related

cytokines. These shifts could demonstrate the systemic regulatory

effects of probiotics on immune modulation. Our results demonstrated

the effectiveness of these probiotics in the management of SLE. Future

studies will increase our understanding of the mechanisms used by

probiotics in the management of autoimmune disease.
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F IGURE 4 Production of IL‐17, IL‐10, and IFN‐γ cytokines. Results showed that IL‐17 and IFN‐γ cytokines in the negative control group and
all probiotics‐ and prednisolone‐receiving groups were significantly lower than those in the positive controls, but the production of IL‐10 did not
show any difference between the groups. IFN, interferon; IL, interleukin. #One‐way analysis of variance test; *p ≤ 0.0001



CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

ORCID

Fatemeh Mardani http://orcid.org/0000-0002-2185-7105

Mahmoud Mahmoudi http://orcid.org/0000-0002-3193-5242

Maryam Rastin http://orcid.org/0000-0001-6675-2430

REFERENCES

Anolik, J. H., & Aringer, M. (2005). New treatments for SLE: Cell‐depleting
and anti‐cytokine therapies. Best Practice & Research Clinical Rheuma-

tology, 19(5), 859–878.

Bettelli, E., Carrier, Y., Gao, W., Korn, T., Strom, T. B., Oukka, M., …

Kuchroo, V. K. (2006). Reciprocal developmental pathways for the

generation of pathogenic effector TH17 and regulatory T cells. Nature,

441(7090), 235–238.

Celhar, T., & Fairhurst, A. M. (2017). Modelling clinical systemic lupus

erythematosus: Similarities, differences and success stories. Rheuma-

tology, 56(Suppl 1), i88–i99.

Chen, X. Q., Yu, Y. C., Deng, H. H., Sun, J. Z., Dai, Z., Wu, Y. W., & Yang, M.

(2010). Plasma IL‐17A is increased in new‐onset SLE patients and

associated with disease activity. Journal of Clinical Immunology, 30(2),

221–225.

Comte, D., Karampetsou, M. P., & Tsokos, G. C. (2015). T cells as a

therapeutic target in SLE. Lupus, 24(4‐5), 351–363.
Crispín, J. C., Oukka, M., Bayliss, G., Cohen, R. A., Van Beek, C. A., Stillman,

I. E., … Tsokos, G. C. (2008). Expanded double negative T cells in

patients with systemic lupus erythematosus produce IL‐17 and

infiltrate the kidneys. The Journal of Immunology, 181(12), 8761–8766.

Dolpady, J., Sorini, C., Di Pietro, C., Cosorich, I., Ferrarese, R., Saita, D., …

Falcone, M. (2016). Oral probiotic VSL# 3 prevents autoimmune

diabetes by modulating microbiota and promoting indoleamine 2,3‐
dioxygenase‐enriched tolerogenic intestinal environment. Journal of

Diabetes Research, 2016, 7569431.

Enghard, P., Langnickel, D., & Riemekasten, G. (2006). T cell cytokine

imbalance towards production of IFN‐γ and IL‐10 in NZB/W F1 lupus‐
prone mice is associated with autoantibody levels and nephritis.

Scandinavian Journal of Rheumatology, 35(3), 209–216.

Esmaeili, S. A., Mahmoudi, M., Momtazi, A. A., Sahebkar, A., Doulabi, H., &

Rastin, M. (2017). Tolerogenic probiotics: Potential immunoregulators

in systemic lupus erythematosus. Journal of Cellular Physiology, 232(8),

1994–2007.

Ettinger, R., Sims, G. P., Robbins, R., Withers, D., Fischer, R. T., Grammer,

A. C., … Lipsky, P. E. (2007). IL‐21 and BAFF/BLyS synergize in

stimulating plasma cell differentiation from a unique population of

human splenic memory B cells. The Journal of Immunology, 178(5),

2872–2882.

Faraji, F., Rastin, M., Lavi Arab, F., Kalantari, M., Taghizadeh Rabe, S. Z.,

Tabasi, N., & Mahmoudi, M. (2016). Effects of 1,25‐dihydroxyvitamin

D3 on IL‐17/IL‐23 axis, IFN‐γ and IL‐4 expression in systemic lupus

erythematosus induced mice model. Iranian Journal of Basic Medical

Sciences, 19(4), 374–380.

Fernandez, E. M., Valenti, V., Rockel, C., Hermann, C., Pot, B., Boneca, I. G.,

& Grangette, C. (2011). Anti‐inflammatory capacity of selected

lactobacilli in experimental colitis is driven by NOD2‐mediated

recognition of a specific peptidoglycan‐derived muropeptide. Gut,

60, 1050–1059.

Ferstl, R., Frei, R., Schiavi, E., Konieczna, P., Barcik, W., Ziegler, M., …

Akdis, C. A. (2014). Histamine receptor 2 is a key influence in immune

responses to intestinal histamine‐secreting microbes. Journal of Allergy

and Clinical Immunology, 134(3), 744–746. e743

Fijan, S. (2014). Microorganisms with claimed probiotic properties: An

overview of recent literature. International Journal of Environmental

Research and Public Health, 11(5), 4745–4767.

Freitas, E. C., de Oliveira, M. S., & Monticielo, O. A. (2017). Pristane‐
induced lupus: Considerations on this experimental model. Clinical

Rheumatology, 36(11), 2403–2414.

Gaffen, S. L. (2008). An overview of IL‐17 function and signaling. Cytokine,

43(3), 402–407.

Ghadimi, D., Helwig, U., Schrezenmeir, J., Heller, K. J., & de Vrese, M.

(2012a). Epigenetic imprinting by commensal probiotics inhibits the

IL‐23/IL‐17 axis in an in vitro model of the intestinal mucosal immune

system. Journal of Leukocyte Biology, 92(4), 895–911.

Ghadimi, D., Helwig, U., Schrezenmeir, J., Heller, K. J., & de Vrese, M.

(2012b). Epigenetic imprinting by commensal probiotics inhibits the

IL‐23/IL‐17 axis in an in vitro model of the intestinal mucosal immune

system. Journal of Leukocyte Biology, 92(4), 895–911.

Gunawan, M., Her, Z., Liu, M., Tan, S. Y., Chan, X. Y., Tan, W. W. S., … Loh, E.

(2017). A novel human systemic lupus erythematosus model in

humanised mice. Scientific Reports, 7(1), 16642.

Haas, C., Ryffel, B., & Le Hir, M. (1998). IFN‐γ receptor deletion prevents

autoantibody production and glomerulonephritis in lupus‐prone
(NZB×NZW) F1 mice. The Journal of Immunology, 160(8), 3713–3718.

Hardy, H., Harris, J., Lyon, E., Beal, J., & Foey, A. D. (2013). Probiotics,

prebiotics and immunomodulation of gut mucosal defences: Home-

ostasis and immunopathology. Nutrients, 5(6), 1869–1912.

Herber, D., Brown, T. P., Liang, S., Young, D. A., Collins, M., & Dunussi‐
Joannopoulos, K. (2007). IL‐21 has a pathogenic role in a lupus‐prone
mouse model and its blockade with IL‐21R. Fc reduces disease

progression. The Journal of Immunology, 178(6), 3822–3830.

Ivanov, I. I., McKenzie, B. S., Zhou, L., Tadokoro, C. E., Lepelley, A., Lafaille,

J. J., … Littman, D. R. (2006). The orphan nuclear receptor RORγt
directs the differentiation program of proinflammatory IL‐17+ T

helper cells. Cell, 126(6), 1121–1133.

Kang, H. K., Liu, M., & Datta, S. K. (2007). Low‐dose peptide tolerance

therapy of lupus generates plasmacytoid dendritic cells that cause

expansion of autoantigen‐specific regulatory T cells and contraction

of inflammatory Th17 cells. The Journal of Immunology, 178(12),

7849–7858.

Konieczna, P., Schiavi, E., Ziegler, M., Groeger, D., Healy, S., Grant, R., &

O’Mahony, L. (2015). Human dendritic cell DC‐SIGN and TLR‐2
mediate complementary immune regulatory activities in response to

Lactobacillus rhamnosus JB‐1. PLoS One, 10(3), e0120261.

Kwon, H.‐K., Kim, G.‐C., Kim, Y., Hwang, W., Jash, A., Sahoo, A., … Im, S.‐H.

(2013). Amelioration of experimental autoimmune encephalomyelitis

by probiotic mixture is mediated by a shift in T helper cell immune

response. Clinical Immunology, 146(3), 217–227.

Lee, H.‐S., Han, S.‐Y., Bae, E.‐A., Huh, C.‐S., Ahn, Y.‐T., Lee, J.‐H., & Kim,

D.‐H. (2008). Lactic acid bacteria inhibit proinflammatory cytokine

expression and bacterial glycosaminoglycan degradation activity in

dextran sulfate sodium‐induced colitic mice. International Immuno-

pharmacology, 8(4), 574–580.

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene

expression data using real‐time quantitative PCR and the 2−ΔΔCT
method. Methods, 25(4), 402–408.

Manirarora, J. N., Kosiewicz, M. M., Parnell, S. A., & Alard, P. (2007).

Ingestion of lactobacilli delays lupus development by stimulating APC

in (NZBxNZW) F1 mice (131.35). The American Association of

Immunologists, 178(Supp 1), s224.

Marco, M. L., Pavan, S., & Kleerebezem, M. (2006). Towards understanding

molecular modes of probiotic action. Current Opinion in Biotechnology,

17(2), 204–210.

Miyauchi, E., Ogita, T., Miyamoto, J., Kawamoto, S., Morita, H., Ohno, H., …

Tanabe, S. (2013). Bifidobacterium longum alleviates dextran sulfate

MARDANI ET AL. | 7

http://orcid.org/0000-0002-2185-7105
http://orcid.org/0000-0002-3193-5242
http://orcid.org/0000-0001-6675-2430


sodium‐induced colitis by suppressing IL‐17A response: Involvement

of intestinal epithelial costimulatory molecules. PLoS One, 8(11),

e79735.

Mu, Q., Zhang, H., Liao, X., Lin, K., Liu, H., Edwards, M. R., … Cecere, T. E.

(2017). Control of lupus nephritis by changes of gut microbiota.

Microbiome, 5(1), 73.

Nowak, B., Ciszek‐Lenda, M., Śróttek, M., Gamian, A., Kontny, E.,

Górska‐Frączek, S., & Marcinkiewicz, J. (2012). Lactobacillus rhamnosus

exopolysaccharide ameliorates arthritis induced by the systemic

injection of collagen and lipopolysaccharide in DBA/1 mice. Archivum

Immunologiae et Therapiae Experimentalis, 60(3), 211–220.

Ouwehand, A. C., Salminen, S., & Isolauri, E. (2002). Probiotics: An

overview of beneficial effects. In R. J. Siezen, J. Kok, T. Abee, & G.

Schaafsma (Eds.), Lactic Acid Bacteria: Genetics, Metabolism and

Applications (pp. 279–289). Dordrech: Springer.

Perry, D., Sang, A., Yin, Y., Zheng, Y.‐Y., & Morel, L. (2011). Murine models

of systemic lupus erythematosus. BioMed Research International, 2011,

2011–2019.

Reeves, W. H., Lee, P. Y., Weinstein, J. S., Satoh, M., & Lu, L. (2009).

Induction of autoimmunity by pristane and other naturally occurring

hydrocarbons. Trends in Immunology, 30(9), 455–464.

Reihani, H., Rastin, M., Mahmoudi, M., Ghoryani, M., Abdollahi, N.,

Tabasi, N. S., … Sahebari, M. (2015). Influence of 1 alpha, 25‐
dihydroxyvitamin D3 on T helper 17 cells and related cytokines in

systemic lupus erythematosus. . Iranian Journal of Immunology,

12(2), 82–93.

Rocha, C. S., Gomes‐Santos, A. C., Moreira, T. G., De Azevedo, M., Luerce, T.

D., Mariadassou, M., … Azevedo, V. (2014). Local and systemic immune

mechanisms underlying the anti‐colitis effects of the dairy bacterium

Lactobacillus delbrueckii. PLoS One, 9(1), e85923.

Salehipour, Z., Haghmorad, D., Sankian, M., Rastin, M., Nosratabadi, R.,

Dallal, M. M. S., … Mahmoudi, M. (2017). Bifidobacterium animalis in

combination with human origin of Lactobacillus plantarum ameliorate

neuroinflammation in experimental model of multiple sclerosis by

altering CD4+ T cell subset balance. Biomedicine & Pharmacotherapy,

95, 1535–1548.

Satoh, M., & Reeves, W. H. (1994). Induction of lupus‐associated
autoantibodies in BALB/c mice by intraperitoneal injection of

pristane. Journal of Experimental Medicine, 180(6), 2341–2346.

Sawalha, A. H., Kaufman, K. M., Kelly, J. A., Adler, A. J., Aberle, T.,

Kilpatrick, J., … Karp, D. (2008). Genetic association of interleukin‐21
polymorphisms with systemic lupus erythematosus. Annals of the

Rheumatic Diseases, 67(4), 458–461.

Shah, K., Lee, W. ‐W., Lee, S. ‐H., Kim, S. H., Kang, S. W., Craft, J., & Kang, I.

(2010). Dysregulated balance of Th17 and Th1 cells in systemic lupus

erythematosus. Arthritis Research & Therapy, 12(2), R53.

Talaat, R. M., Mohamed, S. F., Bassyouni, I. H., & Raouf, A. A. (2015). Th1/

Th2/Th17/Treg cytokine imbalance in systemic lupus erythematosus

(SLE) patients: Correlation with disease activity. Cytokine, 72(2),

146–153.

Ueno, A., Jijon, H., Chan, R., Ford, K., Hirota, C., Kaplan, G. G., … Ghosh, S.

(2013). Increased prevalence of circulating novel IL‐17 secreting

Foxp3 expressing CD4+ T cells and defective suppressive function of

circulating Foxp3+ regulatory cells support plasticity between Th17

and regulatory T cells in inflammatory bowel disease patients.

Inflammatory Bowel Diseases, 19(12), 2522–2534.

Valencia, X., Yarboro, C., Illei, G., & Lipsky, P. E. (2007). Deficient CD4

+CD25high T regulatory cell function in patients with active systemic

lupus erythematosus. The Journal of Immunology, 178(4), 2579–2588.

Xing, Q., Wang, B., Su, H., Cui, J., & Li, J. (2012). Elevated Th17 cells are

accompanied by FoxP3+ Treg cells decrease in patients with lupus

nephritis. Rheumatology International, 32(4), 949–958.

How to cite this article: Mardani F, Mahmoudi M, Esmaeili

S-A, Khorasani S, Tabasi N, Rastin M. In vivo study: Th1–Th17

reduction in pristane‐induced systemic lupus erythematosus

mice after treatment with tolerogenic Lactobacillus probiotics.

J Cell Physiol. 2018;1–8. https://doi.org/10.1002/jcp.26819

8 | MARDANI ET AL.

https://doi.org/10.1002/jcp.26819



