
Clin Exp Immunol 2001; 126:2±8

Recombinant Lactobacillus plantarum inhibits house dust mite-specific T-cell

responses
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SUMMARY

Recent evidence suggests that chronic exposure to lactobacilli, which are part of the normal intestinal

flora, inhibits the development of allergic disorders. Allergy is mediated by Th2 cells, which produce

high levels of IL4 and IL5, and suppressive effects of lactic acid bacteria on the development of allergy

have been attributed to their Th1-inducing properties. On the other hand, lactic acid bacteria have also

been shown to suppress autoimmune disorders which are mediated by Th1 cells producing high levels of

IFNg. To study this apparent discrepancy, the immunomodulatory potential of lactobacilli was evaluated

using recombinants that express an immunodominant T-cell epitope of Der p 1 of house dust mites.

Mucosal immunization of C57BL/6 J mice with such recombinants resulted in the induction of T cells

which produced low amounts of IFNg. Immunization with the house dust mite peptide followed by

treatment with recombinant Lactobacillus plantarum resulted in the inhibition of both IFNg and IL5

production. The effect on IFNg production was shown to be a non-specific effect of L. plantarum. The

effect on IL5 production, however, was only observed when the recombinant expressing the Der p 1

peptide, but not the control recombinant, was used for treatment. Neither of the recombinants had an

effect on the antibody response. Taken together, these data suggest that recombinant L. plantarum may

be a suitable candidate for the treatment of allergic disorders.
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INTRODUCTION

Lactobacilli are Gram-positive non-pathogenic commensal organ-

isms which constitute an important part of the intestinal

microflora [1]. It is presumed that by colonizing the intestine,

they can compete with pathogens. Apart from their protective

effect against several infectious diseases [2], lactic acid bacteria

have also been shown to exhibit strong anti-tumour activity [3].

These effects may be due to the capacity of lactobacilli to enhance

cell-mediated immunity, and in vitro studies have indeed indicated

that components of lactobacilli can induce IL12 production [4±6],

a cytokine which is crucial in the development of Th1 responses.

Since it has been shown that Th1 and Th2 cells can antagonize

each other, the immunomodulatory effects of lactic acid bacteria

may include interference in pathological Th2 responses such as

those occurring in allergic disorders.

Allergy is characterized by an inappropriate immune response

to environmental or food allergens, and involves activation of Th2

cells producing IL4 and IL5 [7]. This leads to the induction of IgE

synthesis [8] and the activation and recruitment of eosinophils,

two factors that mediate most of the clinical symptoms of allergy.

Indirect evidence for protective effects of lactic acid bacteria

against allergy came from a comparison of the intestinal flora of

children in Sweden and Estonia. It appeared that children in

Estonia, where prevalence of allergy is much lower than in

Sweden, have higher amounts of lactic acid bacteria in their bowel

flora [9]. Recently, this study was extended by the observation

that both in Sweden and in Estonia, lower amounts of lactic acid

bacteria are found in allergic children than in non-allergic controls

[10]. In addition, lactic acid bacteria have been shown to inhibit

IgE production [11,12]. Taken together, these data suggest that

they may be highly suitable candidates for modulating allergic

responses.

In contrast to the findings described above, lactic acid bacteria

have also been shown to exert inhibitory effects on the

development of Th1-mediated diseases like diabetes, arthritis

[14] and colitis [15], suggesting that they may modulate immune

responses by a mechanism other than polarizing immune

responses towards Th1. For instance, it could be postulated that

they interfere in processes that regulate tolerance induction. Such

mechanisms, which are operating at mucosal surfaces, ensure the

development of well-balanced, non-pathological T-cell responses
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to harmless environmental antigens. Indirect evidence for

protective effects of lactic acid bacteria on the development of

allergy can therefore also be explained by a mechanism involving

stimulation of the normal immune regulatory mechanisms.

In order to gain more insight into the immunomodulatory

properties of lactobacilli, we expressed an immunodominant T-

cell epitope of Der p 1, one of the major allergens of house dust

mites (HDM), in Lactobacillus plantarum, a species which is

found in the intestinal microflora of both humans and rodents.

Mucosal immunization with such recombinant lactobacilli leads to

simultaneous exposure of the immune system to lactobacilli and

allergen, and enables direct evaluation of their effects on the

development Der p 1-specific T-cell responses. This particular

peptide was chosen because it induces a dominant Th2 response,

characterized by the production of high levels of IL5. However,

small amounts of the Th1 cytokine IFNg are also detectable and

therefore, this model is suitable for studying the effects of lactic

acid bacteria on the development of both the Th2 and the Th1

component of the T-cell response.

MATERIALS AND METHODS

Strains and plasmids

Lactobacillus plantarum 256 was grown on MRS plates or in

MRS medium (Difco, Detroit, MI, USA) and, when appropriate,

erythromycin (Sigma, St. Louis, MO, USA) was added at 5 mg/ml.

Transformation of lactobacilli was carried out by electroporation.

Plasmid pLP503 [16] encodes the l-(1)-lactate dehydrogenese

gene (ldh) promoter of L. casei, which allows constitutive

expression of the b-glucuronidase gene (uidA) of Escherichia

coli in the cytosol of lactobacilli. Plasmid pLP503-P1 contains a

linker, encoding peptide 111±139 of Der p 1 of the house dust

mite inserted in the BamHI and NcoI sites upstream of the uidA

gene. Introduction of this plasmid in L. plantarum resulted in

expression of a protein composed of the Der p 1 peptide fused to

the E. coli b-glucuronidase protein. This recombinant was

designated L. plantarum-p1 [17]. Peptide 111±139 contains a

CD4, a CD8 and a B-cell epitope and is the major target for the T-

cell response in H-2b mice [18]. Plasmid pLP503-OVA contains a

linker encoding ovalbumin peptide 323±339 in front of the uidA

gene. This construct was also introduced into L. plantarum and the

resulting construct was designated L. plantarum-c.

Analysis of expression of heterologous antigens

For analysis of protein expression, sonicated extracts of

recombinant L. plantarum were analysed by Western immuno-

blotting. Blots were developed with a polyclonal antibody against

b-glucuronidase, or against peptide 111±139 of Der p 1, and

visualized by alkaline phosphatase detection. The polyclonal

antibody against peptide 111±139 of Der p 1 was obtained from

mice immunized with peptide 111±139 in IFA.

Preparation of antigens

For immunization purposes, recombinant L. plantarum expressing

heterologous antigen peptide 111±139 of Der p 1 fused to b-

glucuronidase (denoted L. plantarum-p1) or, as a control,

expressing peptide 323±339 of ovalbumine fused to b-glucur-

onidase (denoted L. plantarum-c), were grown in Lactobacilli

Carrier Medium (LCM) with 1% glucose and 5 mg/ml

erythromycin to an optimal density of 0´6 (mid-log phase), which

corresponds to approximately 5 � 108 bacteria/ml. The bacteria

were harvested, washed and resuspended at the appropriate

concentration in phosphate-buffered saline (PBS). The soluble

fraction of sonicated extracts of L. plantarum 256 in PBS was

used in ELISA. Peptide 111±139 of Der p 1 (FGISNYCQIYPP-

NANKIREALAQTHSALA) and peptide 323±339 of ovalbumin

(ISQAVHAAHAEINEAGR) were made on an ABIMED 422

synthesizer (ABIMED, Langenfeld, Germany) using the simulta-

neous peptide synthesis method. The purity of the peptide was

verified by reverse phase C18 HPLC (Lichrospher, Merck,

Darmstadt, Germany) and was shown to be routinely over 75%.

Animals and immunization protocols

Female C57Bl/6 J (H-2b) mice (6±8-week-old) from Charles

River/Broekman Institute (Someren, the Netherlands) were used

in this study. Two groups of three to four mice, were immunized

intranasally, twice with a 4-week interval, with recombinant L.

plantarum-p1 or L. plantarum-c (5 � 109) for three consecutive

days. Serum, spleens and lymph nodes were harvested 4 weeks

later. To investigate immunomodulatory properties of lactoba-

cilli, three groups of four to five mice were immunized

subcutaneously with 3 mg peptide 111±139 in Incomplete

Freund's Adjuvant (IFA) in the flank. One week after priming,

the mice were treated intranasally with either PBS, L. plantarum-

c or L. plantarum-p1 (5 � 109) for 3 consecutive days. Serum

and spleens were harvested 10 days after the last intranasal

immunization.

Cell culture

Single cell suspensions of splenocytes or lymph node cells were

cultured in 96-flat-well microtitre plates (Nunc, Denmark) at

2 � 106 cells/ml in 200 ml/well RPMI 1640 supplemented with

5% fetal calf serum, 2 mm l-glutamine, 20 IU/ml penicillin,

20 mg/ml streptomycin (Gibco, Grand Island, NY, USA) and

50 mm 2-mercaptoethanol (Sigma) at 378C in humidified air

containing 5% CO2. Cells were incubated in triplicate wells either

alone, or with varying concentrations of antigens, for the

assessment of proliferation or the level of cytokines in supernatant

fluids at 72 h (previously determined as the optimum time-point).

Proliferation was measured by pulsing for the last 16 h with 0´6

mCi/well 3H-thymidine (Amersham, UK), harvesting the contents

of each well onto glass fibre mats and determining the

incorporation of 3H-TdR using a b-plate counter (Canberra

Packard, Meriden, CT, USA).

Cytokine assays

IFNg was measured by ELISA using the rat anti-mouse coating

antibody R4±6A2 and biotinylated detector antibody XMG1´2

pair (Pharmingen, San Diego, CA, USA). IL4 and IL5 were also

measured by ELISA using coating MoAbs 11B11 or TRFK-5 and

biotinylated detector MoAbs BvD6±24G2 or TRFK-4 (Pharmin-

gen). The binding of biotinylated antibody was detected with

alkaline phosphatase-conjugated streptavidin (Amersham, UK),

followed by p-nitrophenylphosphate (Sigma, Poole, UK) at 1 mg/

ml in Tris/HCl buffer, pH 9´6, as substrate. Optical density at

405 nm (O.D. 405 nm) of the product was measured using a

Biorad ELISA reader. Recombinant murine IFNg, IL4 and IL5

(Pharmingen) were used to generate a standard curve.

ELISA for specific antibodies

Der p 1 peptide p111±139 (5 mg/ml) was coated onto Maxisorp

microtitre plates (Nunc) in bicarbonate coating buffer (Sigma),
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overnight at 48C. After blocking (1 h, PBS-1% BSA) and

washing, serum dilutions were incubated for 2 h at 378C. After

washing, the amounts of specific IgG isotypes bound were

detected using alkaline phosphatase-conjugated rat antimouse

IgG1 and IgG2a (Pharmingen) for 1 h at 378C. The enzyme

substrate p-nitrophenylphosphate was added and the soluble

product measured as for the cytokine ELISAs. To measure IgE

levels, rat anti-mouse IgE antibody (R35±72, Pharmingen) was

coated onto Maxisorp microtitre plates in bicarbonate coating

buffer overnight at 48C. After blocking (1 h, PBS-5% skim milk)

and washing, serum dilutions were incubated for 2 h at 378C. The

amount of IgE or peptide-specific IgE was detected using

biotinylated rat anti-mouse IgE (R35±92, Pharmingen) or

biotinylated peptide 111±139. The binding of biotinylated anti-

body/peptide was detected with alkaline phosphatase-conjugated

streptavidin and by p-nitrophenylphosphate, as described for the

cytokine ELISAs.

Statistics

Statistical analysis was performed using the Mann±Whitney test

and a P-value , 0´05 was considered significant.

RESULTS

Expression of fusion proteins in L. plantarum

To investigate the immunomodulatory properties of lactobacilli, a

house dust mite peptide and an ovalbumin peptide were expressed

in L. plantarum, a strain that was previously shown to colonize the

murine intestine for approximately 12 days (C. Havenith,

unpublished observation). Both fusion proteins, which are

expressed in the cytoplasm of the lactobacilli, are visible as a

band of 80 kDa, the calculated molecular weight, when an

antibody specific for b-glucuronidase is used for staining

(Fig. 1a). When an antibody specific for peptide 111±139 is used

for staining, as expected, only the fusion protein expressed by L.

plantarum-p1 is visible. The fusion protein constitutes between

0´2 and 0´5% of a soluble extract of lactobacilli, as determined on

CBB-stained gels using BSA as a standard for comparison (data

not shown).

Induction of Der p1 specific T-cell responses with L. plantarum-p1

In order to investigate qualitative and quantitative aspects of the

T-cell response raised with L. plantarum, C57BL/6 mice were

immunized intranasally with recombinant lactobacilli, as de-

scribed in Materials and Methods. Intranasal immunization with L.

plantarum-p1 leads to priming of peptide 111±139-specific T-cell

proliferation both in draining lymph node and in spleen cells

(Fig. 2a,b). This response was shown to be specific since spleen

and lymph node cells of L. plantarum-c-immunized mice did not

respond to this peptide. Cell supernatant fluids were assayed for

the presence of IFNg, IL5 and IL10. No cytokine production was

detectable in lymph node cell cultures. In spleen cell cultures, low

levels of IFNg could be detected in response to peptide 111±139

(Fig. 2c). These results indicate that intranasal immunization with

L. plantarum-p1 results in priming of T cells which can produce

Fig. 1. Expression of b-glucoronidase fusions by recombinant Lactoba-

cillus plantarum. Western blot analysis of sonicated extracts of L.

plantarum-p1 (lanes 1 and 3) and L. plantarum-c (lanes 2 and 4). Blots

were developed with a polyclonal antibody directed to b-glucoronidase (a)

or a polyclonal antibody to Der p 1 : 111±139 (b).
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Fig. 2. T-cell responses to recombinant Lactobacillus plantarum. Mice (n � 8) were immunized intranasally with recombinant L.

plantarum-c (open triangles) or L. plantarum-p1 (closed triangles), twice with a 4-week interval. Four weeks after the second immunization,

proliferative responses of lymph node cells (a) and spleen cells (b) to peptide Der p 1 : 111±139 were determined. IFNg in response to

peptide was only detectable in spleen cell cultures (c). *P , 0´05 as compared with the L. plantarum-c group.
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small amounts of IFNg, indicating that these cells have some Th1

characteristics but are not strongly polarized.

Modulation of T-cell responses with recombinant L. plantarum

To study immunomodulatory properties of lactobacilli, we used a

system in which C57BL/6 mice were immunized subcutaneously

with Der p 1 peptide 111±139 in Incomplete Freund's Ajuvant.

This immunization protocol leads to the induction of a T-cell

response that is characterized by the production of both IL5 and

IFNg (see PBS group in Fig. 3). To determine whether lactobacillli

can modulate the Th1 or the Th2 component of this response, mice

were treated intranasally seven days after priming for three

consecutive days with PBS, L. plantarum-c or L. plantarum-p1.

This treatment regimen was chosen to mimic some aspects of

classical immunotherapy protocols used in humans. A representa-

tive experiment is shown in Fig. 3a,b. Surprisingly, treatment with

both L. plantarum-c and L. plantarum-p1 resulted in down-

regulation of IFNg production, indicating that this regimen does

not lead to enhanced cell-mediated immune responses but, in

contrast, dramatically inhibits the Th1 component of the response.

Since both recombinants have the same effect, this inhibition is a

result of the lactobacilli themselves and is not dependent on the

presence of the Der p 1 peptide. IL5 production was also decreased,

but this decrease was dependent on the presence of the Der p 1

peptide in the recombinants since control lactobacilli did not alter

IL5 production. In contrast to the reported Th1-inducing properties
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Fig. 3. Modulation of Der p 1 : 111±139-specific T-cell responses. Mice were immunized subcutaneously (n � 9) (a, b) or

intraperitoneally (n � 6) (c, d) with Der p 1 : 111±139 in IFA. On days 8, 9 and 10, mice were treated intranasally with PBS,

Lactobacillus plantatrum-c or L. plantarum-p1, and spleen cell responses to Der p 1 : 111±139 were measured 10 days later. Both IFNg

production (a and c) and IL5 production (b and d) were determined. The optimal cytokine response (to 0´2 and 2 mm peptide for IFNg and

IL5, respectively) is plotted. *P , 0´05 as compared with the PBS group. (A), PBS; (BA), L. plantarum-c; (B), L. plantarum-p1.
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of lactobacilli, the treatment regimen used in this study led to non-

specific down-regulation of the Th1 component of the response and

antigen-specific down-regulation of the Th2 component. IL4

production was not detectable and IL10 production was similar in

all three groups (data not shown). Proliferative responses to the

peptide were similar in all three groups, indicating that the

recombinants do not induce tolerance.

Modulation of antibody responses with L. plantarum

Sub-cutaneous immunization with peptide 111±139 in IFA

resulted in high IgG1 production and low IgG2a production (see

PBS group in Table 1), which is a reflection of the Th2 dominant

response. Treatment with L. plantarum-p1 or L. plantarum-c did

not alter the antibody response, although a trend in inhibition of

IgG1 was observed (Table 1). This inhibition never reached

statistical significance (P-value around 0´1).

Effect of lactobacilli on IgE production

A parameter which truly reflects the presence of Th2 cells is the

production of IgE [8,19]. Subcutaneous immunization with Der p

1 peptide 111±139 in IFA did result in an increase in total IgE

production (Table 1), but production of peptide-specific IgE was

not detectable. In order to study the effects of lactobacilli on Der p

1 : 111±139-specific IgE production, a different immunization

protocol was used in which mice were immunized intraperitone-

ally with peptide 111±139 in IFA. This resulted in the production

of very high levels of IgG1 and led to a greater increase in total

serum IgE than subcutaneous immunization (Table 1). Also,

peptide 111±139-specific IgE could be detected using this

immunization protocol (Table 1). The effects of treatment with

recombinant lactobacilli on the T-cell response were similar to

those described above (Fig. 3c,d). However, total IgE levels were

not altered (Table 1) by treatment with recombinant lactobacilli

strains, indicating that the inhibition of the T-cell response is not a

general immune suppression. Peptide-specific IgE production was

somewhat reduced in the L. plantarum-treated groups. However,

this reduction was not statistically significant and was probably

due to the large variation found in peptide-specific IgE.

DISCUSSION

Lactobacilli have been shown to exhibit strong (immuno)modu-

latory properties including prevention of infections, anti-tumour

activity, modulation of autoimmune diseases and allergic

disorders [2,3,14,21]. Although it has been reported that

lactobacilli can induce IL12 production in vitro, the mechanisms

by which lactobacilli can modulate immune responses in vivo are

largely unknown, and the present study was designed to gain a

better insight into this process.

First, the adjuvant properties of L. plantarum were studied. It

appeared that L.plantarum-p1, when delivered intranasally,

induced Der p1 : 111±139-specific T-cell proliferative responses.

Probably, lactobacilli or fragments of lactobacilli, reach the nasal-

associated lymphoid tissue where antigen presentation takes place

and T cells are primed. These data confirm previous observations

that recombinant lactobacilli expressing fragment C of tetanus

toxin intracellularly induce systemic immune responses [22].

When the T-cell response was further characterized, it was

shown to have some Th1 properties, but was not strongly

polarized. This indicates that mucosally-delivered L. plantarum

does not have strong Th1 promoting properties. These data are

consistent with those described by Maassen et al. [23] showing

that oral administration of L. plantarum does not induce Th1

cytokine expression in the intestinal mucosa. In contrast, Shida

et al. [11] have shown that L. casei-Shirota can induce IFNg.

However, since the latter study described in vitro effects of

lactobacilli, the results cannot be directly compared with our

study.

In order to investigate immunomodulatory properties of

lactobacilli, a simple model was used in which parameters of

both Th1 and Th2 responses could be evaluated. Mucosally-

delivered lactobacilli inhibited IFNg production to peptide 111±

139 of Der p 1 in an antigen non-specific manner. IL5 production

was also reduced, although this effect was dependent on the

presence of the peptide in the bacteria. Since IL4 production could

not be detected in this model, the presence of IgE was used as an

indirect way of assessing the production of this cytokine. No

difference in total IgE and antigen-specific IgE production could

be detected after treatment with L. plantarum, suggesting that IL4

production was unaffected. This is in contrast to the inhibitory

effects of lactobacilli on IgE production in vitro [12] and in vivo

when given intraperitoneally in a heat-killed form [11]. The

possibility cannot be excluded that the antibody response induced

using peptide in IFA was too strong to be susceptible to

modulation using our treatment protocol. An alternative explana-

tion for the discrepancy is that the time-frame used in our study

Table 1 Antibody responses of mice treated with recombinant lactobacilli

Group Route

Antibodies specific for Der p1 : 111±139

Total

IgE

(ng/ml)

IgG1

(titre)

IgG2a

(titre)

IgE

(arbitrary units)

Naive ± ± ± ± 50 ^ 21

PBS s.c. 3´39 ^ 0´31 1´89 ^ 0´26 ND* 234 ^ 18

L. plantarum-c s.c. 2´61 ^ 0´27 1´39 ^ 0´23 ND 263 ^ 33

L. plantarum-p1 s.c. 2´78 ^ 0´19 1´28 ^ 0´17 ND 134 ^ 21

PBS i.p. 4´08 ^ 0´08 1´67 ^ 0´31 515 ^ 120 1449 ^ 179

L. plantarum-c i.p. 4´00 ^ 0´13 1´75 ^ 0´21 333 ^ 60 1283 ^ 116

L. plantarum-p1 i.p. 3´92 ^ 0´20 1´58 ^ 0´24 339 ^ 73 1030 ^ 178

*ND, below the detection limit.
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may not have been optimal for the induction and modulation of

IgE responses.

Previous studies by Hoyne et al. have shown that intranasal

immunization with soluble Der p 1 peptide alone induces

tolerance in mice previously primed with peptide in CFA

[24,25]. This tolerance was characterized by inhibition of a

proliferative response to the peptide, and at least one dose of

100 mg of peptide was required to obtain this effect. The

calculated amount of peptide present in each dose of recombinant

lactobacilli is 25±50 ng. In addition, this peptide is given as a

particulate antigen as it is expressed in the cytoplasm of the

lactobacilli. Since treatment with recombinant lactobacilli does

not inhibit the proliferative response to the peptide, our data are

not reminiscent of the intranasal tolerance described by Hoyne

et al.

Taken together, these data indicate that intranasal administra-

tion of L. plantarum inhibits non-specifically the Th1 component

of the response, and this may be an explanation for the beneficial

effects of lactobacilli on the development of Th1-mediated

autoimmune disorders such as arthritis, colitis and diabetes [13±

15]. Specific inhibitory effects on IL5 production are consistent

with the observed effects of the presence of lactobacilli in the

intestinal flora on development of allergy [9,10]. In our model,

however, the immunomodulatory properties of lactobacilli do not

seem to be attributable to their Th1-promoting properties. In fact,

mucosal delivery of recombinants did not result in the induction of

a strongly polarized Th1 response. Rather, our data support the

hypothesis that lactobacilli stimulate immunoregulatory mechan-

isms which are operative at mucosal surfaces, and ensure the

development of a well balanced, non-pathological immune

response to harmless antigens encountered via the mucosa.

The data described here indicate that recombinant lactobacilli

expressing allergens may be candidates for the modulation of

allergic disorders. However, their effectiveness in relieving

clinical symptoms of allergic disease in model systems where

such parameters can be monitored [26] still needs to be

established. In addition, the long-term effects of treatment with

lactobacilli need to be studied. The fact that no effects on IgE

levels were detected may not limit their use for the treatment of

allergy, since classical immunotherapy, which is an effective way

of relieving clinical symptoms of allergic disease, also does not

decrease IgE levels [27±29]. In addition, the non-specific effect of

lactobacilli on the Th1 component of the immune response may

explain their beneficial effects in animal models of autoimmunity

[13±15].
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