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Introduction

Lipoteichoic acid (LTA) is a cell wall component of

Gram-positive bacteria that contributes to inflammatory

responses through induction of pro-inflammatory cytokines

and affects bacterial growth. The structure of glycopolymer,

which extends from the cytoplasmic membrane to the

extracellular space, varies between different species of

Gram-positive bacteria [1]. Structural and functional studies

of LTA have focused on pathogenic bacteria because LTA

is a key stimulator in inflammatory and infectious diseases.

However, unlike LTAs isolated from pathogenic bacteria,

some LTAs from probiotics alleviate excessive inflammatory

responses via induction of tolerance against pathogenic

ligands. In previous studies, we have shown that LTA

isolated from Lactobacillus plantarum (pLTA) inhibits TNF-α

production induced by lipopolysaccharide (LPS) or LTA

isolated from Staphylococcus aureus (aLTA), which resulted

in an increased survival rate in a septic shock mouse model

[2, 3]. pLTA also has the potential ability to prevent and

treat skin photo-aging via down-regulation of UV-induced

MMP-1 expression and up-regulation of type I procollagen

[4]. Similarly, it inhibits melanogenesis in B16F10 mouse

melanoma cells, which suggests that pLTA has therapeutic
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Lipoteichoic acid isolated from Lactobacillus plantarum K8 (pLTA) alleviates lipopolysaccharide

(LPS)-induced excessive inflammation through inhibition of TNF-α and interleukin (IL)-6. In

addition, pLTA increases the survival rate of mice in a septic shock model. In the current

study, we have found that pLTA contributes to homeostasis through regulation of pro- and

anti-inflammatory cytokine production. In detail, pLTA decreased the production of IL-10 by

phorbol-12-myristate-13-acetate (PMA)-differentiated THP-1 cells stimulated with prostaglandin

E2 (PGE-2) and LPS. However, TNF-α production which was inhibited by PGE-2+LPS

increased by pLTA treatment. The regulatory effects of IL-10 and TNF-α induced by PGE-2

and LPS in PMA-differentiated THP-1 cells were mediated by pLTA, but not by other LTAs

isolated from either Staphylococcus aureus (aLTA) or L. sakei (sLTA). Further studies revealed

that pLTA-mediated IL-10 inhibition and TNF-α induction in PGE-2+LPS-stimulated PMA-

differentiated THP-1 cells were mediated by dephosphorylation of p38 and phosphorylation

of c-Jun N-terminal kinase (JNK), respectively. Reduction of pLTA-mediated IL-10 inhibited

the metastasis of breast cancer cells (MDA-MB-231), which was induced by IL-10 or

conditioned media prepared from PGE-2+LPS-stimulated PMA-differentiated THP-1 cells.

Taken together, our data suggest that pLTA contributes to inflammatory homeostasis through

induction of repressed pro-inflammatory cytokines as well as inhibition of excessive anti-

inflammatory cytokines. 

Keywords: Lipoteichoic acid, anti-inflammation, homeostasis, interleukin-10, tumor necrosis

factor-alpha, metastasis of breast cancer
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potential for hyperpigmentation disorders [5]. Platelet-

activating factor receptor (PAFR) plays an important role

in bacterial infection and inflammation. Through an in

vitro study using THP-1 cells, we showed that pLTA

inhibits PAFR expression induced by pathogenic ligands,

which results in anti-inflammatory effects [6]. Thereby, we

have shown that pLTA has potential for alleviation of

excessive inflammation. However, the effect of pLTA on

regulation of anti-inflammatory responses has not yet been

determined. 

Inflammation is a complex biological response of the body,

caused by harmful stimuli, such as infected pathogens,

damaged cells, or irritants. It is also a protective response

involving immune cells, blood vessels, and molecular

mediators. Inflammation eliminates the infected pathogens,

removes necrotic cells, and clears damaged tissues.

Although inflammation is an essential immune reaction,

abnormal inflammation causes inflammatory disorders [7].

In particular, chronic inflammation is a critical factor in the

pathogenesis of many inflammatory disease states, including

cancer, degenerative joint diseases, diabetes, cardiovascular

disease, and neurodegenerative diseases. Non-steroidal

anti-inflammatory drugs are used to alleviate inflammation,

although these drugs are associated with severe side effects.

Thus, anti-inflammation is necessary to regulate abnormal

inflammation. The term “anti-inflammatory” refers to the

property of a material or treatment to reduce inflammation.

Interleukin (IL)-10, a representative anti-inflammatory

cytokine, inhibits production of pro-inflammatory mediators

such as cytokines and chemokines, which results in

inactivation of T cells and macrophages [8-10]. IL-10 is

reported to be highly induced in metastatic cancer cells and

in the serum of breast cancer patients [11, 12]. Thus,

inhibition of IL-10 may alleviate IL-10-induced disease as

well as anti-inflammatory response. In the current study,

we demonstrated that pLTA inhibited IL-10 production

and increased TNF-α production in phorbol-12-myristate-

13-acetate (PMA)-differentiated THP-1 macrophages and

alleviated breast cancer cell metastasis. Our data suggest

that pLTA regulates both Th1- and Th2-induced cytokines,

which contributes to homeostasis of the immune system. 

Materials and Methods

Cell Culture

THP-1 and MDA-MB-231 cells were maintained in Roswell

Park Memorial Institute (RPMI)-1640 medium or Dulbecco's

Modified Eagle’s Medium (DMEM) (Welgene, Korea) with 10%

heat-inactivated and filtered (0.45 μm syringe filter; Sartorius,

Göttingen, Germany) fetal bovine serum (FBS, Welgene), penicillin

(100 U/ml), and streptomycin (100 μg/ml) in 5% CO2 at 37°C.

THP-1 cells were plated in 24-well plates and differentiated to

macrophages using 100 ng/ml PMA for 3 days. The differentiation

of monocytes to macrophages was confirmed by differentiation

markers such as chemokine receptor 2 (CCR2).

Preparation of LTA and Endotoxin Test

L. plantarum K8 was cultured in 8 L MRS broth (HiMedia

Laboratories, India) and incubated for 18 h at 37°C. After bacterial

cultivation, LTA isolation was performed as previously described

[2]. The purity of pLTA was determined by measuring endotoxin

content using a ToxinSensor Chromogenic LAL Endotoxin Assay

Kit (GenScript, USA).

Cell Proliferation Assay

PMA-derived macrophages were seeded in 96-well plates and

then treated with prostaglandin E2 (PGE-2) and LPS (100 μg/ml).

The proliferation activity of PMA-derived macrophages was

measured using EZ-cytox Cell Viability Assay Kit (Innotech,

Korea) following the manufacturer’s instructions. Color changes

were detected with a microplate reader (Eppendorf BioPhotometer)

at a wavelength of 450 nm.

Real-Time PCR

Total RNA was isolated using Trizol reagent (Invitrogen, USA).

cDNA was synthesized using an Improm-II reverse transcription

system (Promega, USA) from isolated RNA. To quantify CD36

and CCR2 mRNA, real-time PCR amplification was conducted

using a CFX Connect Real-Time PCR Detection System (Bio-Rad,

USA), and the PCR products were detected with SYBR Premix Ex

Taq II (TaKaRa, Otsu, Japan). The following sequences were used

for forward and reverse primer pairs: 5’-GCCTCTCCAGTTGAA

AACCC-3’ and 5’-TCCCTTCTTTGCATTTGCTG-3’ for CD36, 5’-

TACCAACGAGAGCGTGAAG-3’ and 5’-GTAGAGCGGAGGCAG

GAGTT-3’ for CCR2, 5’-AAGGTCGGAGTCAACGGATT-3’ and

5’-GCAGTGAGGGTCTCTCTCCT-3’ for GAPDH. The expression

of mRNA was normalized to that of glyceraldehyde-3-phosphate

dehydrogenase (GAPDH) or β-actin.

ELISA

Culture supernatants were collected from THP-1 cells and

PMA-derived macrophages after stimulation with PGE-2, LPS,

and pLTA. To block the signaling pathways, NF-κB (Cat# 481406),

ERK (Cat# 328006), JNK (Cat# 420119), and p38 (Cat# 559389)

inhibitors (MERCK, Darmstadt, Germany) were pretreated for 30

min prior to stimulation with ligands. To perform a standard

sandwich ELISA in 96-well immune plates, human IL-10 and

TNF-α were captured with antibodies (purchased from R&D

Systems, USA) and incubated at room temperature (RT)

overnight. Plates were blocked with blocking buffer (5% sucrose,

1% BSA, 0.05% NaN3 in PBS) for 2 h, and supernatants were

added to each well. After incubation, the plates were washed with
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washing buffer (0.05% Tween 20 in PBS), and detection antibodies

(R&D Systems) were added and incubated for 2 h. After washing,

HRP was added and incubated for 20 min. After washing,

substrate reagents were added, and the results were measured at

wavelengths of 450 nm/550 nm. 

Western Blot Assay

After PGE-2- and LPS-treated, PMA-derived macrophages were

lysed with 2× Laemmli sample buffer, samples were boiled at

100°C for 5 min. Proteins were separated using 12% sodium

dodecyl sulfate-polyacrylamide electrophoresis gel and transferred

onto a polyvinylidene fluoride membrane. Membranes were then

incubated with blocking buffer (5% BSA, 20 mM Tris HCl,

150 mM NaCl, 0.05% Tween 20) for 1 h. The primary antibodies

for phospho-ERK1/2, phosphoNFκB-p65, phospho-SAPK/JNK,

phospho-p38, phospho-cAMP response element binding protein

(CREB) (Cell Signaling Technology, USA), phosphor-c-Jun, and

β-actin HRP (USA) were diluted in TBS-T (20 mM Tris HCl,

150 mM NaCl, 0.05% Tween 20) and incubated for 1 h at RT. Next,

HRP-conjugated secondary antibodies for rabbit (Santa Cruz)

were diluted in TBS-T and incubated with the membranes for 1 h

at RT. Protein bands were detected using an enhanced

chemiluminescence (ECL) reagent.

Migration Assay

Breast cancer cells (MDA-MB-231) were seeded in the upper

well of a 24-well Transwell chamber (8 mm pore size), and

migration was estimated after 18 h of incubation at 37°C in a CO2

incubator. MDA-MB-231 cells were treated with conditioned

media (CM) or recombinant IL-10 in 24-well plates before

proceeding to the Transwell for migration assays. Migrating cells

were fixed with 4% PFA and stained with 1% crystal violet before

being counted using bright-field microscopy.

Statistical Analysis

All experiments were performed at least three times. Data are

presented as the mean±SD. Statistical analysis was performed

using the Prism 5.0 software (GraphPad Sofware, USA). The

significance of differences was assessed using an unpaired one-

tailed or two-tailed Student’s t test. Differences were considered

statistically significant when the p value was < 0.05.

Results

Optimization of Anti-Inflammatory Status for In Vitro

Study 

In the present study, we proposed that excessive IL-10

production leads to an anti-inflammatory response, which

may cause an inflammatory disease such as cancer cell

metastasis. To investigate this, the alleviation effect of

pLTA against abnormal anti-inflammation was examined.

Fig. 1. Optimization of anti-inflammatory status for a study in vitro. 

Phorbol-12-myristate-13-acetate (PMA)-treated or untreated THP-1 cells were stimulated with prostaglandin E2 (PGE-2) and/or

lipopolysaccharide (LPS) for interleukin (IL)-10 production (A) and TNF-α production (B). (C) The differentiation markers were examined by real-

time PCR after differentiation with PMA. (D) Cell viability was examined after treatment of PGE-2 and/or LPS for 24 h in PMA-differentiated

THP-1 cells. *p < 0.05; **p < 0.01. 
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To optimize anti-inflammatory conditions in vitro, PGE-2

and/or LPS were used to stimulate THP-1 cells and PMA-

differentiated THP-1 cells. IL-10 and TNF-α production

were examined with culture supernatants by ELISA to

assume Th1/Th2 switching by these ligands. It is known

that PGE-2, in combination with LPS, is able to promote an

anti-inflammatory phenotype in macrophages characterized

by a high level of IL-10 [13]. When PMA-differentiated

THP-1 cells were treated with PGE-2 and LPS, IL-10

expression was three times higher than in untreated THP-1

cells (Fig. 1A). In PMA-differentiated THP-1 cells, IL-10

production by both PGE-2 and LPS was at least two-fold

higher than when they were stimulated by each ligand

alone. TNF-α was four-fold higher in PMA-differentiated

THP-1 cells stimulated with LPS compared to THP-1 cells,

whereas PGE-2 did not induce TNF-α expression in either

cell line. Interestingly, when cells were stimulated with

both PGE-2 and LPS, TNF-α production was more inhibited

than when cells were treated with LPS alone (Fig. 1B).

These data suggest that an anti-inflammatory state (high

level of IL-10 and low level of TNF-α) can be induced in

vitro by PGE-2 and LPS co-treatment in PMA-differentiated

THP-1 cells. The differentiation of THP-1 to macrophages

was confirmed by increasing CD36 and decreasing CCR2

(Fig. 1C) [14]. In addition, cell viability was not affected by

the ligands used in this study (Fig. 1D).

Fig. 2. Determination of prostaglandin E2 (PGE-2) and lipopolysaccharide (LPS) concentration for optical interleukin (IL)-10 and

TNF-α production. 

IL-10 (A) and TNF-α (B) were examined by ELISA in phorbol-12-myristate-13-acetate (PMA)-differentiated THP-1 cells stimulated with various

concentrations of PGE-2 and 500 ng/ml LPS. IL-10 (C) and TNF-α (D) were examined in PMA-differentiated THP-1 cells stimulated with various

concentrations of LPS and 100 ng/ml PGE-2. IL-10 (E) and TNF-α (F) were examined in PMA-differentiated THP-1 cells stimulated with 100 ng/ml

PGE-2 and LPS for the indicated time points. *p < 0.05; **p < 0.01; ***p < 0.001 compared to LPS only (A and B), PGE-2 only (C and D), or 0 h (E and

F).
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Next, we determined the optimal dosages of PGE-2 and

LPS to induce a high level of IL-10 and a low level of TNF-

α. When PMA-differentiated THP-1 cells were stimulated

with 500 ng/ml LPS and different doses of PGE-2, IL-10

production was increased in a PGE-2 dose-dependent

manner (Fig. 2A). In contrast, TNF-α production was

decreased by PGE-2 dose-dependently (Fig. 2B). When cells

were stimulated with 100 ng/ml PGE-2 and different doses

of LPS, IL-10 production was increased in an LPS dose-

dependent manner (Fig. 2C). TNF-α production was also

increased by higher LPS dosage but was still lower than for

LPS alone (Fig. 2D). These data suggest that IL-10

production is increased by the combined treatment of PGE-

2 and LPS, while TNF-α production is decreased by this

combination. When cells were stimulated with 100 ng/ml

PGE-2 and LPS for the indicated time points, IL-10

production peaked at 12 h (Fig. 2E), and TNF-α production

in the entire period was lower than for LPS alone (Fig. 2F).

Although PGE-2 only and LPS only increased IL-10 and

TNF-α in a time-dependent manner, respectively, the

experimental circumstance to meet the optimal condition

for a high level of IL-10 and a low level of TNF-α was 6 h

after stimulation by the combined treatment of PGE-2 and

LPS.

Dual Role of pLTA in IL-10 and TNF-α Expression

The combined treatment of PGE-2 and LPS increased IL-

10 production, while it decreased TNF-α production in

PMA-differentiated THP-1 cells. However, the opposite

phenomena occurred with pLTA pretreatment. When cells

were pretreated with 100 μg/ml pLTA for 24 h and then

treated with PGE-2+LPS for the indicated time, IL-10

production was significantly inhibited compared to PGE-

2+LPS-only treated cells (Fig. 3A). On the other hand, in

the same conditions, TNF-α production was significantly

increased by pLTA pretreatment followed by PGE-2+LPS

treatment (Fig. 3B). These data suggest that pLTA decreased

excessive anti-inflammatory cytokine production while also

establishing limited pro-inflammatory cytokine production.

Next, we examined whether other LTAs have similar effects

on Th1/Th2-induced cytokine production. As shown in

Fig. 3C, only pLTA inhibited PGE-2+LPS-induced IL-10

Fig. 3. Opposing regulation of interleukin (IL)-10 and TNF-α by pLTA. 

IL-10 (A) and TNF-α (B) were examined in PMA-differentiated THP-1 cells stimulated with 100 μg/ml pLTA followed by 100 ng/ml PGE-2 and

LPS for the indicated times. Inhibition of IL-10 (C) and induction of TNF-α (D) were examined in PMA-differentiated THP-1 cells stimulated with

100 μg/ml LTAs followed by 100 ng/ml PGE-2 and LPS for 12 h and 4 h, respectively. *p < 0.05; **p < 0.01; ***p < 0.001 compared to PGE-2+LPS (A

and B) or none (C and D).
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production. However, induction of TNF-α occurred with

pLTA as well as with LTA isolated from L. sakei (sLTA),

indicating that only pLTA has a fine regulatory effect on the

PGE-2+LPS-induced anti-inflammatory response (Fig. 3D).

P38 and JNK Are Involved in the pLTA-Mediated Th1/

Th2 Balance 

To assess the signaling pathways for IL-10 and TNF-α

production following treatment by PGE-2+LPS, western

blotting was performed with or without pLTA pretreated

cells. As shown in Fig. 4A, the phosphorylation of p38,

JNK, and AP-1 was increased in PGE-2+LPS-treated cells,

indicating that these mediators and transcription factor are

responsible for IL-10 induction. However, the reduction of

TNF-α seemed to be affected by inhibition of p65 and ERK.

Compared to PGE-2+LPS-treated cells, the phosphorylation

of p38 and p65 disappeared, and the phosphorylation of

ERK, JNK, and c-Jun was increased in pLTA-pretreated

cells. When cells were pretreated with pLTA followed by

treatment with PGE-2 and LPS, IL-10 was inhibited and

TNF-α production increased; thus, we assumed that

decreased p38 and p65 might affect the reduction of IL-10,

whereas increased JNK and c-Jun may affect the induction

of TNF-α. To confirm this hypothesis, inhibitors of signaling

mediators were added 30 min prior to PGE-2+LPS

treatment. As shown in Fig. 4B, IL-10 production was

inhibited by p38, but the blocking of NF-κB p65 did not

affect the reduction of IL-10, indicating that pLTA-

mediated IL-10 inhibition in PGE-2+LPS-treated cells is

associated with p38 phosphorylation. In TNF-α regulation

by pLTA, as we expected, a JNK inhibitor decreased

TNF-α production, indicating that pLTA-mediated TNF-α

induction in PGE-2+LPS conditions is associated with JNK

phosphorylation (Fig. 4C). 

Inhibition of Breast Cancer Cell Metastasis by pLTA-

Mediated IL-10 Inhibition

To examine the physiological effect of pLTA-mediated

IL-10 inhibition, we performed a migration assay using

MDA-MB-231 cells. Migration of MDA-MD-231 cells in a

Transwell chamber was dramatically increased by IL-10

and CM prepared from PMA-differentiated THP-1 cells

after stimulation with PGE-2 and LPS for 24 h. As shown in

Fig. 5A, increased migrated cells were observed in IL-10

and CM treated samples as compared to untreated cells

(designated as None). On the other hand, pLTA pretreatment

inhibited the cell migration as compared to pLTA-

untreated cells, although migrated cell population was

higher than untreated cells. In particular, anti-IL-10R

antibody treatment inhibited cell migration, indicating that

metastasis of breast cancer cells can occur by an IL-10. The

approximate number of migrated cells was counted using

ImageJ software and is displayed in Fig. 5B for IL-10-

mediated migration, Fig. 5C for CM-mediated migration,

and Fig. 5D for the inhibitory effect of anti-IL-10R

antibody. Similar to the image results, the migration of

pLTA-untreated cells were dramatically increased and it

was significantly inhibited by pLTA-treated cells in all

experiments. Even though IL-10 is not a unique material to

induce breast cancer cell metastasis, our data suggest that

Fig. 4. Lipoteichoic acid isolated from Lactobacillus plantarum K8 (pLTA)-mediated signaling for diverse production of interleukin

(IL)-10 and TNF-α in prostaglandin E2 (PGE-2) and lipopolysaccharide (LPS)-treated cells. 

(A) Phorbol-12-myristate-13-acetate (PMA)-differentiated THP-1 cells were pretreated with or without 100 μg/ml pLTA for 24 h, and then 100 ng/ml

PGE-2 and LPS were applied for the indicated times. Signaling activation was examined by western blotting. Cells were pretreated with indicated

inhibitors for 30 min prior to PGE-2+LPS treatment. IL-10 (C) and TNF-α (B) were examined by ELISA from culture supernatants after 12 h and

4 h stimulation, respectively. **p < 0.01; ***p < 0.001  compared to DMSO. 
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IL-10 may be involved in breast cancer cell metastasis and

this metastasis can be alleviated by pLTA. 

Discussion

Anti-inflammation refers to the effects of any materials

and methods to reduce inflammation. In the immune

system, reduction of inflammation is mediated by anti-

inflammatory cytokines such as IL-4, IL-10, and IL-13,

which control the pro-inflammatory cytokine response

[15]. IL-10 induces immunosuppression and allows tumor

cells to escape from immune surveillance. IL-10 has a dual

proliferative and inhibitory effect against breast tumor

cells, suggesting that IL-10 plays a complex role in breast

cancer initiation and progression [12]. Although IL-10 is a

poor prognostic marker in several cancers, its expression is

relatively high in breast cancer [16]. Razmkhah et al. also

reported that adipose-derived stem cells (ASC) isolated

from breast cancer patients express high levels of IL-10 and

TGF-β1 compared to cells isolated from normal individuals,

suggesting that IL-10 could be a key cytokine involved in

breast cancer progression [17]. Thus, we attempted to

create an anti-inflammatory response in vitro by inducing

IL-10. In culture conditions, IL-10 production was highly

induced in PMA-differentiated THP-1 cells after co-

stimulation with PGE-2 and LPS. PMA-differentiated THP-1

cells were more sensitive to PGE-2 and LPS, and synergistic

induction of IL-10 was accompanied by co-treatment with

these two ligands. However, TNF-α was not induced by

PGE-2 but highly induced by LPS. When cells were

Fig. 5. Alleviation of interleukin (IL)-10-mediated metastasis by lipoteichoic acid isolated from Lactobacillus plantarum K8 (pLTA). 

(A) Crystal violet-stained MDA-MB-231 cells from Transwell assays. The migrated cell number was counted in IL-10-treated cells (B), cells treated

with 5% conditioned media (CM) (C), and anti-IL10R antibody-treated cells (D). *p < 0.05; **p < 0.01.
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stimulated with these two ligands simultaneously, TNF-α

production significantly decreased. These studies suggest

that combination treatment of PGE-2 and LPS in PMA-

differentiated THP-1 cells can induce a Th2 environment

by increasing IL-10 and decreasing TNF-α production. IL-10

may inhibit tumor growth by suppressing IL-6 expression.

However, higher levels of IL-10 correlate with metastatic

disease and poor prognosis [18]. In the current study, we

observed that IL-10 increased MDA-MB-231 breast cancer

cell migration and confirmed that pLTA inhibited IL-10-

mediated migration of breast cancer cells. 

We have reported previously the anti-inflammatory

effects of pLTA; in the present study, we found that pLTA

also has an inflammatory-like effect. The cell wall

components of Gram-positive bacteria are known to affect

bacterial infection and immune stimulation. Among them,

LTA is a major immune stimulator of Gram-positive

bacteria. LTA is composed of a phosphate chain and

glycolipids, but the activities with respect to immune

stimulation differ among species [19, 20]. For example,

LTA isolated from pathogenic bacteria such as S. aureus

increases the production of inflammatory cytokines and

induces pulmonary inflammation and circulatory failure.

Conversely, LTA isolated from probiotics, such as

L. plantarum, induces moderate inflammation. The species-

specific immune-stimulatory potency of different gram-

positive bacteria may arise from the structural differences

of LTA [21]. For example, LTAs from different species have

D-alanine of various contents in the repeating units of LTA

[22]. The structure of lipid anchor in LTA is also diverse in

the species [23]. pLTA itself does not induce pro-

inflammatory cytokine production in the immune cells.

However, pretreatment of pLTA inhibited LPS- or aLTA-

induced TNF-α production in THP-1 cells [2, 3]. In the

current study, we observed that pLTA pretreatment

increased TNF-α in the cells stimulated with PGE-2 and

LPS. Although the detailed mechanism should be elucidated,

we assume that the activation of JNK and AP-1 may be

involved in the upregulation of TNF-α in the cells

stimulated with a combination of pLTA, PGE-2, and LPS.

As shown in Fig. 4A, under the combined treatment of

pLTA, PGE-2, and LPS, the phosphorylation of JNK was

increased and the transcription factor AP-1 was also

activated. In contrast, pLTA significantly inhibited PGE-

2+LPS-mediated IL-10 production through the p38 signaling

pathway. Taken together, these findings indicate that

pLTA regulates IL-10 and TNF-α production in a certain

circumstance, which may contribute to maintenance of a

Th1/Th2 balance. 
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