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Abstract

Background Uremia causes gut microbiome dysbiosis,

which is characterized by a reduction in beneficial bacteria.

Intestinal bacterial translocation (BT) contributes to

microinflammation in uremia, which is associated with

adverse outcomes. Whether macrophages are involved in

BT remains unclear.

Aims We investigated the involvement of macrophages in

BT and microinflammation in uremic rats and whether

Lactobacillus LB can influence macrophage activity.

Methods Male Sprague–Dawley rats were randomly

divided into three groups: sham, uremia, and

uremia ? probiotic. Macrophages and GFP-labeled tracer

bacteria in intestinal and extraintestinal tissues were

observed by fluorescence microscopy. The macrophage

ultrastructure was examined by transmission electron

microscopy. Immunochemistry was used to analyze the

expression of cluster of differentiation 11a (CD11a),

inducible nitric oxide synthase (iNOS), and intercellular

adhesion molecule-1 (ICAM-1). RT-PCR and Western blot

were employed to assess the mRNA and protein expression

of early growth response gene 1 (EGR1) and toll-like

receptor 4 (TLR4).

Results In uremic rats, the colocalization of GFP-labeled

tracer bacteria and macrophages was visible in intestinal

and extraintestinal tissues. Compared with the sham group,

the uremic macrophages showed fewer cytoplasmic pro-

trusions and pseudopodia. Administration of Lactobacillus

LB restored the protrusions and pseudopodia. Compared

with the sham group, the uremia group exhibited macro-

phages with higher staining intensities for CD11a, iNOS,

and ICAM-1, and higher mRNA and protein expression of

TLR4 and EGR1.

Conclusions Intestinal macrophages in the uremic rats

are polarized toward a proinflammatory phenotype,

resulting in microinflammation. Macrophages with

impaired phagocytic function are associated with BT.

Lactobacillus LB reduces BT by enhancing macrophage

phagocytosis.

Keywords Macrophages � Bacterial translocation �
Microinflammation � Uremia � Probiotics

Introduction

Microinflammation is a common feature of end-stage renal

disease, which is associated with adverse patient outcomes

[1]. Research suggests that translocation of bacteria and

endotoxins from the gut to the blood may be the cause of

microinflammation [2]. Our previous research indirectly

demonstrated the occurrence of intestinal bacterial

translocation (BT) in a uremic rat model, as evidenced by

an increased density of the green fluorescent protein (GFP)-

labeled tracer bacterial gene [3] and by detection of

intestinal bacterial genomic DNA in extraintestinal tissues

[4]. However, direct evidence for BT in uremia is limited.

Macrophages with the M1 (proinflammatory) phenotype

play a critical role in the progression of a number of kidney

diseases [5] and act as critical effector cells in the initiation

of inflammation in the pathogenesis of metabolic diseases
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[6]. The uptake of enterohemorrhagic Escherichia coli by

M cells and underlying macrophages in the Peyer’s patches

may be a critical step in BT and is related to the efficiency

of the infection [7]. The lipopolysaccharide (LPS) com-

ponents of bacteria, a ligand of toll-like receptor 4 (TLR4),

are expressed on various immune cells, including macro-

phages. TLR4 is a mediator of atherosclerosis, which may

imply that increased LPS/TLR4 signaling could be a

driving factor in the accelerated atherogenesis of chronic

kidney disease patients [8]. LPS also induces activation of

the early growth response gene 1(EGR1) on macrophages,

and the LPS-induced expression of tumor necrosis factor-a
(TNF-a) is directly mediated through the transcription

factors EGR1 and nuclear factor-jB [9]. Hence, bacterial

products may activate macrophages and other immune

cells to produce proinflammatory mediators and trigger

inflammation [10]. However, the involvement of intestinal

macrophages in the uremic state is still unknown.

Our previous study has shown that uremic rats develop

gut microbiome dysbiosis, which is characterized by a

reduction in beneficial bacteria (Bifidobacteria and Lacto-

bacilli) and increased numbers of pathogenic and oppor-

tunistic pathogens [11]. So, we considered that probiotic

supplementation that reduces the uremic state may have

beneficial effects. As expected, Bifidobacteria alleviate BT

and ameliorate microinflammation in experimental uremia

[3]. In addition, Lactobacilli play a significant role in

maintaining the intestinal barrier function, improving local

intestinal immunity, and enhancing antagonism toward

pathogens [12, 13] as well as reducing mucosal dysbiosis

[14]. However, it is still not clear whether Lactobacilli

prevent BT and decrease microinflammation in uremic rats.

Therefore, we designed an experiment to observe the

colocalization of bacteria and macrophages by GFP-la-

beled tracer bacteria in extraintestinal tissues and to reveal

the role of intestinal macrophages in BT in uremic rats.

Moreover, an index that represents the function of intesti-

nal macrophages would be helpful in understanding the

involvement of macrophages in microinflammation. In

view of the imbalance of the intestinal microbiome in

uremic rats and the beneficial effect of Lactobacilli on the

intestinal epithelial barrier function, the aim of the present

study was to investigate the effect of Lactobacillus LB by

evaluating BT, macrophage function, and microinflamma-

tion in uremic rats.

Materials and Methods

Tracer Bacteria

GFP-labeled tracer bacteria were constituted by trans-

forming competent E. coli DH5 cells with the recombinant

plasmid-enhanced GFP (Clontech Laboratories, Palo Alto,

CA, USA) into competent E. coli DH5a cells. Transformed

E. coli DH5a clones were inoculated into Luria–Bertani

broth containing 100 mg/L ampicillin and incubated

overnight at 37 �C. The concentration of transformed GFP-

labeled E. coli DH5a bacteria was adjusted to 108 CFU/

mL.

Animals

A total of 55 Sprague–Dawley rats (200–220 g) underwent

a total 5/6 nephrectomy. The rats underwent excision of

approximately two-thirds of the left renal cortical mass;

1 week later, the whole right kidney was removed.

Meanwhile, 20 rats in the sham group underwent two

surgical procedures at the same time, without loss of renal

mass but only an open renal capsule. Ten weeks after the

total 5/6 nephrectomy, 15 uremic rats had died, so 40

uremic rats and 20 sham-operated rats (sham group) were

available for study. The uremic rats were assigned ran-

domly to two groups: uremia (n = 20) and uremia ?

probiotic (n = 20). The rats in the uremia ? probiotic

group received Lactobacillus LB (Lacteol, Fort, France)

(1 mL, 109 CFU/mL) by gavage every day for 4 weeks.

Research was conducted in accordance with the criteria

outlined in the Guide for the Care and Use of Laboratory

Animals. The research proposal was approved by the

Animal Research Committee of the First Affiliated

Hospital, School of Medicine, Xi’an Jiaotong University.

Ten rats in each group were randomly selected to

receive 1 mL of the suspension of GFP-labeled tracer

bacteria intragastrically at 2 h before anesthesia for

immunofluorescence and transmission electron microscopy

analyses. The remaining 10 rats in each group that did not

receive the GFP-labeled tracer bacteria were euthanized for

immunohistochemistry, reverse transcription polymerase

chain reaction (RT-PCR), and Western blot analyses. Rat

body weights were obtained before killing. Small segments

of the upper jejunum (5 cm below the angle of Treitz),

terminal ileum (5 cm above the ileocecal valve), transverse

colon (5 cm below the ileocecal valve), mesenteric lymph

nodes (MLNs), liver, and spleen were excised for analysis.

BT Studies

For immunofluorescence microscopy, samples were

embedded in Tissue-Tek O.C.T. and stored at -20 �C.
Frozen section (5 lm in thickness) were prepared and

incubated with 0.1 % trypsin (Difco Laboratories, Detroit,

MI, USA) in phosphate-buffered saline at 37 �C for 30 min

to expose the antigens, blocked with normal goat serum for

1 h, incubated with 1:200 mouse anti-rat-CD68 antibody or

1:200 rabbit anti-GFP antibody (both from Abcam,
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Cambridge, MA, USA), and then incubated for 2 h with

1:1000 anti-mouse-Dylight 633 IgG and 1:1000 anti-rabbit-

FITC IgG (both from CWBio, Wuhan, China).

For analysis by transmission electron microscopy, small

tissue pieces were fixed in 2.5 % glutaraldehyde solution in

0.15 M phosphate buffer at pH 7.2. Specimens were post-

fixed in 1 % osmium tetroxide dissolved in saline and

impregnated overnight in an aqueous solution of 1 %

uranyl acetate. Specimens were embedded in polyester

resin, and ultrathin sections of the embedded specimens

were made. Sections were stained with lead citrate and

uranyl acetate and viewed with anH-7650 electron micro-

scope (Hitachi, Tokyo, Japan).

Real-Time PCR Analysis of EGR1 and TLR4 Gene

Expression

Total RNA was isolated using an Ultrapure RNA Kit

(CWbio, Beijing, China). The primers were designed and

synthesized by Samgon Biotechnology Company (Shanghai,

China). The primer sequences were as follows: EGR1:

forward: 50-AGCCTTCGCT CACTCCACTA-30, reverse:
50-GACTCAACAG GGCAAGCATA C-30; TLR4: for-

ward: 50-TGGCATCATC TTCATTGTCC-30, reverse:

50-CAGAGCATTG TCCTCCCACT-30. PCR was per-

formed using the real-time PCR system (SLAN, Shanghai,

China), which was used with the Fast Start Universal

SYBR Green Master (Roche, Basel, Switzerland). The

PCR conditions were as follows: predenaturation at 95 �C
for 10 min, followed by 40 cycles of denaturation at 95 �C
for 15 s and annealing/extension at 60 �C for 60 s. The

jejunum of the sham group was set as 1. Fold changes were

calculated by the 2�DDCt method.

Western Blotting of EGR1 and TLR4 Proteins

Protein concentrations were determined using a BCA

protein assay kit (CWbio, Beijing, China). Equal amounts

of protein samples were loaded, separated using 6 or 8 %

SDS-PAGE, and transferred to immunoblot polyvinylidene

difluoride membranes (Bio-Rad Laboratories, Inc, Her-

cules, CA, USA) by electroblotting. Immunoblotting was

performed with 1:800 anti-EGR1, 1:800 anti-TLR4 (both

from Abcam), and 1:1000 anti-b-actin (CWbio, Beijing,

China). Immunoblots were then exposed to secondary

horseradish peroxidase (HRP)-conjugated anti-mouse IgG

(1:3000) or anti-rabbit IgG (1:3000) (both from Boster) and

visualized using a chemiluminescent HRP substrate kit

(Millipore, Billerica, MA, USA). Image analyses were

performed using the AlphaEaseFC software package (ver-

sion 4.0, Alpha Innotech, San Leandro, CA, USA). The

quantitative results were normalized to b-actin levels.

Immunohistochemical Analyses

The samples were fixed in 4 % paraformaldehyde over

24 h, dehydrated in ethanol, cleared in xylene, embedded

in paraffin blocks, and cut into 4- to 5-lm-thick sections.

Sections were incubated with 1:50 anti-CD11a, 1:160 anti-

inducible nitric oxide synthase (iNOS), and 1:50 anti-in-

tercellular adhesion molecule-1 (ICAM-1) antibodies (all

from Abcam) and then with anti-mouse or anti-rabbit IgG-

HRP secondary antibodies (Boster, Wuhan, China). The

color was developed by using the DAB Horseradish

Peroxidase Color Development Kit (Boster, Wuhan,

China). Antigens were retrieved by the microwave method.

All sections were reviewed independently by two

observers who recorded the histopathological characteris-

tics and specific immunoreactivity (IR). The intensity of

the immunoreactivity was stratified into four categories: 0

(-IR, non-staining), 1 (?IR, faint yellow), 2 (??IR, sandy

beige), and 3 (???IR, brown). The area of staining was

classified into four groups: 1 (0–5 % of the cells exhibit

IR), 2 (6–25 % exhibit IR), 3 (26–50 % exhibit IR), and 4

([50 % exhibit IR). The staining index was calculated by

multiplying the area by the intensity and was classified as

follows: weak (0–2), moderate (3–4), and strong ([6).

Blood Analyses

Creatinine, urea nitrogen, endotoxin (LPS), C-reactive

protein (CRP), interleukin (IL)-6, TNF-a, and hematocrit

in the abdominal aorta blood of 10 randomly selected rats

from each group were assessed.

Statistical Analyses

All statistical analyses were performed using the IBM

SPSS 19.0 software package (SPSS Inc, Chicago, IL,

USA). Quantitative data are reported as the mean ± stan-

dard deviation (SD). The Student’s t test was used to

compare continuous variables, whereas the Chi-squared or

Fisher’s exact test was used to compare categorical vari-

ables. Differences with p\ 0.05 were considered statisti-

cally significant.

Results

General Data, Endotoxin Levels, and Plasma

Inflammatory Biomarkers

The blood biochemical analyses are summarized in

Table 1. As expected, the uremia and uremia ? probiotic

groups exhibited significantly higher mean serum crea-

tinine and urea nitrogen concentrations, compared to the
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sham group. The plasma levels of endotoxin, CRP, IL-6,

and TNF-a in the uremia group were greater than those in

the sham group (p\ 0.05). Fortunately, after treatment

with probiotic, these indices became lower, compared to

the group without probiotic treatment (p\ 0.05).

BT in Uremic Rats

GFP-labeled tracer bacteria exhibited a green fluorescent

signal in the ileum (Fig. 1d), MLNs (Fig. 2a), liver

(Fig. 2d), and spleen (Fig. 2g) of rats in the uremia group.

The macrophage marker CD68 showed red fluorescence in

the ileum (Fig. 1e), MLNs (Fig. 2b), liver (Fig. 2e), and

spleen (Fig. 2h). Colocalization of the macrophage marker

CD68 and GFP-labeled tracer bacteria of rats in the uremia

group indicated that these bacteria were within the mac-

rophages (Figs. 1f, 2c, f, i), while the merge of the two

images gave a yellow fluorescent signal.

The green fluorescent signal for bacteria (Fig. 1a) and

red fluorescence for the macrophage marker CD68

(Fig. 1b) were rare in the ileum in the sham group.

Meanwhile, macrophages and GFP-labeled tracer bacteria

in the ileum of rats in the uremia ? probiotic group were

colocalized (Fig. 1g–i).

Morphology of the Intestinal Mucosa

and Macrophages in Uremia

Compared to the sham group (Fig. 3a–c), the intestinal

mucosa in the uremia group exhibited small and irregular

microvilli, lightly stained tight junctions, and obscure

desmosome junctions between epithelial cells; in addition,

more vacuolated mitochondria appeared in the uremia

group (Fig. 3c, f, i). Compared to the uremia group, the

intestine in the uremia ? probiotic group exhibited

restoration of the mucosal microarchitecture, with

increased microvilli and better organization of the epithe-

lial layer (Fig. 3g–i). In the uremia group, tracer bacteria

were adherent to and even transferred into the intestinal

mucosa (Fig. 3e, f).

Compared to the sham group, intestinal macrophages

of uremic rats showed fewer cytoplasmic protrusions and

pseudopodia, decreased electron density, and greater

numbers of organelles (especially lysosomes) from rup-

tured macrophages in the intercellular space (Fig. 4d–f).

Compared to the uremia group, intestinal macrophages in

the uremia ? probiotic group exhibited a more activated

micromorphology, with increased cell size, greater

numbers of cytoplasmic protrusions and pseudopodia,

abundant rough endoplasmic reticula, and higher num-

bers of intracellular primary and secondary lysosomes

(Fig. 4g–i).T
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Expression of EGR1 and TLR4

The fold change in EGR1 and TLR4 mRNA observed in the

intestinal segments was significantly greater in the uremia

group than in the sham group (p\ 0.05 vs. the sham group

jejunum; Fig. 5a). The fold change in TLR4 mRNA among

all intestinal segments of the uremia ? probiotic group

was significantly less than that in the uremia group

(p\ 0.05 vs. the corresponding intestinal segment of the

uremia group; Fig. 5a).

The expression levels of EGR1 and TLR4 protein in the

intestinal segments were greater in the uremia group than

in the sham group (p\ 0.05 vs. the sham group jejunum;

Fig. 5c). In addition, the levels of TLR4 protein in all

intestinal segments of the uremia ? probiotic group were

significantly less than those in the uremia group (p\ 0.05

Fig. 1 Immunofluorescence of

macrophages (CD68, red signal)

together with the green

fluorescence of GFP bacteria in

the ileum. All sections were

counterstained with DAPI

(blue). a, d, g GFP, b, e,
h CD68, c, f,
i GFP ? CD68 ? DAPI,

a–c sham group, d–f uremia

group, g–i uremia ? probiotic

group. Scale bar 50 lm

Fig. 2 Immunofluorescence of

macrophages (CD68, red signal)

together with the green

fluorescence of GFP bacteria in

the MLNs, liver, and spleen of

the uremia group. All sections

were counterstained with DAPI

(blue). a, d, g GFP, b, e,
h CD68, c, f,
i GFP ? CD68 ? DAPI,

a–c MLNs, d–f liver, and
g–i spleen. Scale bar 50 lm
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Fig. 3 Transmission electron microscopy photomicrographs of the

intestinal mucosa. a, d, g Jejunum, b, e, h ileum, c, f, i colon,

a–c sham group, d–f uremia group, and g–i uremia ? probiotic

group. Thin arrows indicate tracer bacteria (a–i, except c). Short thick

arrows indicate tight junctions (a, b, c, e, h, i). Long thick arrows

indicate desmosome junctions (b, c, i). Triangles indicate mitochon-

dria (c, f, i). Scale bar 2 lm (jejunum); 1 lm (ileum, colon)

Fig. 4 Transmission electron

microscopy photomicrographs

of intestinal macrophages. a, d,
g Jejunum, b, e, h ileum, c, f,
i colon, a–c sham group,

d–f uremia group,

g–i uremia ? probiotic group.

Thin arrows indicate

macrophages (a–i). Long thick

arrow indicates a dying

macrophage (e). Short thick
arrows indicate decreases in

macrophage electron density (f).
Scale bar 2 lm

Dig Dis Sci (2016) 61:1534–1544 1539
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vs. the corresponding intestinal segment of the uremia

group; Fig. 5c).

Expression of CD11a, iNOS, and ICAM-1

Compared to the sham group, all intestinal segments in the

uremia group exhibited higher intensities of staining

(???) for CD11a and iNOS (Table 2). Staining was

pronounced in the lamina propria and submucosa (Figs. 6a,

1b, d). All intestinal segments in the uremia ? probiotic

group stained positive for CD11a, and the staining distri-

bution was the same as in the uremia group. Compared to

the sham group, the colon and jejunum segments in the

uremia group displayed a higher intensity of staining for

ICAM-1, with staining being located primarily in the

submucosa and lamina propria (Table 2; Fig. 6c).

Discussion

In this study, we confirmed the existence of BT from the

gut to extraintestinal tissues (MLNs, liver, and spleen) in a

uremic rat by using GFP-labeled tracer bacteria. Intrigu-

ingly, macrophages and GFP-labeled tracer bacteria were

colocalized, suggesting that macrophages loaded with

bacteria cross the intestinal mucosa to promote BT in the

uremic state. Intestinal macrophages have a strong ten-

dency to polarize toward the M1 (proinflammatory) phe-

notype, which aggravates microinflammation. In addition,

the phagocytic function was impaired in uremia. Treatment

of uremic rats with Lactobacillus LB ameliorated

microinflammation and BT by reducing the degree of

intestinal macrophage activation and by improving mac-

rophage phagocytic function, cytotoxicity, and local

mucosal immunity.

We speculate that activation of intestinal macrophages

assists BT and may play a carrier role in uremia. Intestinal

bacteria can translocate across the abnormal intestinal

barrier and contribute to the microinflammation present in

patients with uremia [15]. The bacteria may cross the

intestinal barrier through M cells or disrupted epithelial

tight junctions [16]. We hypothesized that the uptake of

bacteria by intestinal macrophages in the lamina propria

caused edema and an eroded mucosa. The same finding

was observed in macrophages by pathogenic bacteria [7].

Increased levels of endotoxin in the blood supplement the

present data regarding the occurrence of BT in uremia and

are beneficial to evaluate the extent of BT

Fig. 5 Expression of EGR1 and TLR4. SH, sham group; UR uremia

group, UP uremia ? probiotic group. a Fold change in the gene

expression levels of TLR4 and EGR1. b Immunoblots of EGR1 and

TLR4 proteins. c Immunoblot band densities. In a, c, each column

represents the mean ± SD of 10 replicates. *p\ 0.05 compared to

the sham group jejunum, and #p\ 0.05 compared to the correspond-

ing intestinal segment of the uremia group

1540 Dig Dis Sci (2016) 61:1534–1544
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comprehensively. The results in the present research dis-

closed that macrophages and GFP-labeled tracer bacteria

were colocalized. Intestinal macrophages can phagocytose

the bacteria; however, due to overgrowth of intestinal

bacteria and impaired phagocytic function of macrophages,

the intestinal macrophages cannot destroy them in time to

prevent BT. Intestinal bacteria that are not killed may cross

the intestinal mucosa into the systemic circulation and

extraintestinal tissues.

Previous research has revealed that intestinal macro-

phages are polarized toward the M1 phenotype when

exposed to an abnormally high level of LPS [17]. Macro-

phages are activated by LPS via TLR4, yielding TNF-a.
TNF-a induction in macrophages is at the transcriptional

level [18]. Our data show that EGR1 mRNA was increased

in intestinal tissue of the uremia group, which is consistent

with the results of other investigators showing induction of

EGR1 in macrophages stimulated by LPS [19]. CD11a, a

subunit of integrin aLb2, is important for macrophage

migration/activation and is necessary for monocyte

migration into the glomerulus and chronic glomerular

injury [20]. CD11a regulates inflammation by recognition

and binding with ICAM-1 [21]. In other words, LPS acti-

vates TLR4 and EGR1, promoting the expression of

CD11a and ICAM1 and eventually resulting in macrophage

migration and activation, which release proinflammatory

cytokines and costimulatory molecules. Activated macro-

phages also produce an iNOS-activated inflammatory

response, which is known as classical activation. iNOS,

together with the generation of nitric oxide and large

quantities of proinflammatory cytokines (e.g., TNF-a and

IL-6), is released when macrophages are activated by

bacterial antigens, such as LPS [22]. This increased

expression of proinflammatory markers was associated

with elevated plasma levels of endotoxin, CRP, IL-6, and

TNF-a. Under conditions of overgrowth of certain Gram-

negative bacteria as well as disruption of the intestinal

barrier in uremic animals, the bacteria were phagocytosed

and transferred by macrophages, allowing endotoxins to

enter into the circulation and to stimulate proinflammatory

cytokines, leading to systemic inflammation under condi-

tions of uremia [10, 23]. In this way, intestinal macro-

phages could contribute to the aggravation of

microinflammation by allowing BT, which, in turn,

Table 2 Immunoreactivity of intestinal immune markers

Sham (n = 30) Uremia (n = 30) Uremia ? probiotic (n = 30)

Jejunum

(n = 10)

Ileum

(n = 10)

Colon

(n = 10)

Jejunum

(n = 10)

Ileum

(n = 10)

Colon

(n = 10)

Jejunum

(n = 10)

Ileum

(n = 10)

Colon

(n = 10)

CD11a -/1; 0 ?/1; 1 -/1; 0 ???/3; 9 ???/2; 6 ???/2; 6 ??/2; 4 ??/2; 4 ???/1; 3

iNOS ?/1; 1 ?/1; 1 ?/1; 1 ???/2; 6 ???/2; 6 ???/2; 6 ??/2; 4 ??/2; 4 ??/2; 4

ICAM-1 ?/1; 1 -/1; 0 -/1; 0 ???/1; 3 ??/2; 4 ???/2; 6 ??/1; 2 ??/2; 4 ??/2; 4

Data are presented as staining intensity (-, ?, ??, or ???)/staining area (1, 2, 3, or 4); staining index (0 to[6)

Fig. 6 Photomicrographs showing immunoreactive staining of

intestinal macrophage activation markers. (i, iv, vii) Jejunum, (ii, v,

viii) ileum, (iii, vi, ix) colon, (i–iii) sham group, (iv–vi) uremia group,

(vii–ix) uremia ? probiotic group. Scale bar 50 lm. a–c Immunohis-

tochemistry results for CD11a (a), iNOS (b), and ICAM-1 (c)
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stimulates the systemic immune response and, ultimately,

results in the development of complications commonly

seen in uremic patients.

In the present research, Lactobacillus LB reduced BT

and decreased the levels of macrophage activation markers,

endotoxin, and proinflammatory cytokines. In addition,

Lactobacillus LB restored the micromorphology of mac-

rophages. Although the mechanisms underlying the

reduction in BT by probiotics have not been fully eluci-

dated, various hypotheses have been proposed. First, Lac-

tobacillus LB induces an increase in the amount of

beneficial bacteria and reduces the number of potentially

pathogenic bacteria [24], which competitively prevent

pathogens from adhering to and colonizing the intestinal

mucosa. Second, Lactobacillus LB helps to maintain

intestinal mucosal integrity by normalizing tight junction

proteins [25]. Third, Lactobacillus LB is able to modulate

non-specific cellular immune responses, improve intestinal

macrophage phagocytic function, and reduce the degree of

intestinal macrophage activation [26, 27]. Lactobacillus

casei strain Shirota has been shown to improve kidney

function and inflammation in hospitalized patients with

acute gastroenteritis [28] as well as decrease blood urea

concentrations in patients with chronic renal failure [29].

Moreover, Lactobacillus mutants cultured with the serum

of uremic patients has been demonstrated to decompose

uremic toxin [30]. These effects indicate that probiotics

may be helpful to ameliorate the intestinal inflammatory

response as well as to reverse intestinal macrophage acti-

vation and phagocytic function in uremia.
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Appendix

Sample number Gene name The mean DCt = Ct (target

gene) – Ct (b-actin)
DDCt = DCt

(experimental) - DCt

(control)

Fold

change = 2�DDCt

b-actin Tlr4 Egr1 b-actin Tlr4 Egr1 Tlr4 Egr1 Tlr4 Egr1 Tlr4 Egr1

1 16.32 24.38 26.71

1 16.36 24.27 26.53 16.35 24.32 26.58 7.98 10.24 0.00 0.00 1.00 1.00

1 16.36 24.32 26.51

2 16.68 23.02 25.25

2 16.66 23.01 25.31 16.68 23.02 25.29 6.34 8.61 -1.64 -1.63 3.11 3.10

2 16.7 23.03 25.3

3 15.26 22.11 24.5

3 15.21 22.24 24.53 15.23 22.22 24.49 6.99 9.26 -0.98 -0.98 1.98 1.97

3 15.22 22.32 24.44

4 16.12 23.68 26.02

4 16.22 23.5 25.81 16.16 23.64 25.91 7.48 9.75 -0.49 -0.48 1.41 1.40

4 16.14 23.75 25.91

5 16.18 22.37 24.64

5 16.17 22.39 24.55 16.18 22.38 24.61 6.20 8.43 -1.77 -1.80 3.42 3.49

5 16.18 22.38 24.64

6 14.62 21.53 23.71

6 14.62 21.38 23.68 14.63 21.45 23.74 6.82 9.12 -1.15 -1.12 2.22 2.17

6 14.64 21.44 23.84
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