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Summary

Alcoholic liver cirrhosis (ALC) is characterized by increased circulating levels
of immunoglobulins (Igs). ALC patients undergo bacterial translocation evi-
denced by the presence of bacterial DNA in peripheral blood. Bacterial
pathogen-associated molecular patterns (PAMPs), such as lipopolysaccharide
(LPS), peptidoglycan (PGN) and unmethylated cytosine-guanine dinucle-
otide (CpG) DNA are ligands of Toll-like receptor (TLR)-4, TLR-2 and TLR-9,
respectively. Although TLR activation results generally in the secretion of
proinflammatory cytokines, activation of B cells through TLR-7 or TLR-9 is
involved in their maturation and Ig synthesis. The aim of the present study
was to assess Ig synthesis by ALC B cells under PAMP activation in order to
evaluate the possible involvement of TLR pathways in the increased Ig levels,
and especially the hyper-IgA observed in ALC. CpG, in combination with
interleukin (IL)-10 or IL-21, enhanced IgA, IgG and IgM synthesis by healthy
donor (HD) PBMCs, but had only a weak effect on ALC PBMCs. Relative
CpG-induced IgA production by purified ALC B cells was less important when
compared to HD B cells, in accordance with the lower TLR-9 expression on
ALC B cells compared to HD B cells, but the absolute IgA production by
CpG-activated B cells was enhanced significantly for ALC when compared to
HD, in agreement with their intrinsic ability to produce spontaneously more
IgA than HD. LPS and PGN had no direct activity on B cells, whereas R848
also enhanced Ig synthesis, as reported recently. Taken together, these results
suggest that TLR priming of B cells could account for the hyperimmunoglo-
bulinaemia observed in ALC patients.
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Introduction

In cirrhosis, intestinal bacterial overgrowth and transloca-
tion of viable or non-viable bacterial products in the absence
of visceral injury are widespread [1,2]. These products may
lead to activation of monocytes and lymphocytes and pro-
duction of proinflammatory cytokines [3].

Toll-like receptors (TLR) belong to a family of at least 10
members, playing key roles in innate immunity to microbial
pathogens via recognition of conserved pathogen-associated
molecular patterns (PAMPs). In most of the cases, TLR liga-
tion triggers the induction of cell signalling through MyD88
and nuclear factor kappa B (NF-kB) [4,5]. Activation of
NF-kB leads to the secretion of proinflammatory cytokines
[6]. Lipopolysaccharide (LPS), also known as endotoxin, a
PAMP from the Gram-negative bacterial wall, is sensed via

circulating LPS binding protein through the complex
comprising CD14, MD-2 and TLR-4 [7]. PAMPs from the
Gram-positive bacterial wall, such as peptidoglycan (PGN),
stimulate TLR-2 [8], whereas bacterial DNA sequences with
unmethylated cytosine-guanine dinucleotide (CpG) motifs
are recognized by TLR-9 [9]. TLR-7 and TLR-8 recognize
single-stranded RNA, and the synthetic imidazoquinoline
R848. Among the 10 different human TLRs, both TLR-4 and
TLR-2 are expressed on the plasma membrane, whereas
TLR-3, -7, -8 and -9 have an intracellular localization [10]. In
humans, TLR-2, TLR-4 and TLR-8 are expressed strongly by
monocytes/macrophages, but expressed poorly by B cells. In
contrast, TLR-7 and TLR-9 are expressed mainly by B lym-
phocytes and plasmacytoid dendritic cells [11–13].

Besides the secretion of proinflammatory cytokines
induced by TLR triggering of monocytes/macrophages and
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plasmacytoid dendritic cells, stimulation of B cells by TLR
ligands can lead to polyclonal activation and immunoglobu-
lin (Ig) production. In humans, TLR-9-mediated B cell
stimulation by CpG induces the production of IgG and IgM
[14] and inhibits the isotypic switch towards IgG1 and IgE
induced by interleukin (IL)-4 and anti-CD40 monoclonal
antibodies (mAb) [15,16]. In the presence of IL-10, CpG
induces IgG1, IgG2 and IgG3 synthesis [16]. Furthermore,
CD19+ mucosal B cells were demonstrated to express TLR-9
and to secrete increased levels of IgA upon stimulation with
CpG [17]. In primary biliary cirrhosis, a disease character-
ized by elevated levels of IgM, bacterial CpG enhances IgM
production by CD27+ memory B cells [18]. Interestingly, the
presence of bacterial DNA has been evidenced in ascites and
plasma from cirrhotic patients with non-infected ascitic
fluid, and reported as a poor prognosis indicator [19]. It has
been reported recently that TLR-7-mediated B cell activation
also induces IgG, IgA and IgM production [13,20,21]. In
mice, TLR-4 expressed by B lymphocytes contributes to IgM
and IgG production, whereas CD40 signalling is required for
isotype switching [22]. However, the presence of normal
levels of IgA in the serum of myeloid differentiation factor 88
(MyD88) knock-out mice suggests that TLR signalling might
be dispensable for mouse IgA production [22].

In alcoholic liver cirrhosis (ALC) patients, high blood
levels of LPS binding protein, soluble CD14, tumour necro-
sis factor (TNF)-a and IL-6 have been evidenced [23]. It is
suggested that these elevated circulating levels of proin-
flammatory cytokines contribute to the hyperactivation of
immune cells, although no significant correlation between
circulating endotoxin and cytokines have been found [2,24–
27].

The expression level of TLR-2, but not TLR-4, at the
monocyte surface is up-regulated significantly in ALC
patients and correlated with serum TNF-a and soluble TNF
receptor levels [28]. Besides the increase of circulating cytok-
ines and the modulation of TLR expression, ALC is accom-
panied by hypergammaglobulinaemia, due in particular to
IgA and IgA-immune complexes [29,30]. The mechanisms
leading to the increase of IgA levels in ALC are not under-
stood fully. We have reported previously a defective clearance
of IgA and IgA-immune complexes through altered mono-
cytes Fca receptor expression and subsequent defective Fca
receptor-triggered endocytosis [31]. However, this impaired
Fca receptor function can only partially explain the hyper-
IgA observed in alcoholic cirrhosis. Prior to the discovery of
TLR, it was hypothesized that the increase of Ig synthesis in
ALC could be associated with bacterial stimulation [32]. In
the present study, we compared the ability of B cells from
patients with ALC and healthy donors (HD) to express
TLR-2, -4 and -9, and to produce immunoglobulins in vitro
under cytokines and PAMPs activation. The aim of this study
was to investigate the possible involvement of B cell activa-
tion resulting from TLR stimulation by PAMPs in the hyper-
gammaglobulinaemia observed in ALC.

Material and methods

Patients

The 17 patients studied had alcoholic liver disease as con-
firmed by liver biopsy. All patients were studied prospectively
as they were hospitalized for either ascites paracentesis or for
follow-up of their cirrhosis (Child Pugh A, n = 4; Child Pugh
B, n = 13). Patients with large oesophageal varices, recent
bleeding, infection, two or more criteria of systemic inflam-
matory response syndrome or intake of antibiotics in the
preceding 2 weeks, including norfloxacin as primary or sec-
ondary prophylaxis of spontaneous bacterial peritonitis,
were not included. Patients with hepatocellular carcinoma,
portal thrombosis, transjugular intrahepatic portosystemic
shunt, alcoholic hepatitis were also not included. According
to recommendations, patients were considered to have
alcohol-related cirrhosis as alcohol intake had been in excess
of 80 g/day in men and 30 g/day in women. These patients
were hospitalized and studied after at least 2 weeks without
alcohol ingestion. Testing for viral, metabolic and immune
aetiologies was negative. Patients did not receive any specific
therapy, such as non-selective beta-blockers, corticosteroids
or other immunosuppressive treatments in the preceding 6
months.

Fifteen healthy donors (HD) with no history of liver
disease, alcohol intake less than 20 g/day and normal liver
function tests served as controls. Informed written consent
was obtained from each patient and normal volunteer.
Spleen cells were obtained from splenectomy performed for
abdominal trauma. Informed consent was obtained after
surgery. This study was approved by the Comité Consultatif
de Protection des Personnes dans la Recherche Biomédicale
de la Région Poitou-Charentes.

Cell culture and reagents

Spleen mononuclear cells (SMCs) from normal subjects were
obtained after teasing tissue gently through a 100-mm cell
strainer. SMCs and PBMCs were isolated by Ficoll-Hypaque
(Biochrom AG, Berlin, Germany) centrifugation. CD19+ B
lymphocytes were isolated from SMCs or PBMCs using a
preparative magnetic cell sorter (VarioMacs; Miltenyi Biotec,
Paris, France) according to the experimental procedure rec-
ommended by the manufacturer. CD19 was expressed on
> 98% of the selected cells as assessed by fluorescence acti-
vated cell sorter analysis using a FACSCanto II (BD Bio-
sciences, San Jose, CA, USA). All cultures were carried out in
RPMI-1640 supplemented with Glutamax-I (Invitrogen Life
Technologies, Cergy Pontoise, France), 10% heat-inactivated
fetal calf serum (Sigma-Aldrich, Saint-Quentin Fallavier,
France), 100 U/ml penicillin and 100 mg/ml streptomycin
(Invitrogen Life Technologies). For measurement of Ig pro-
duction, 106 PBMCs or SMCs, or 2 ¥ 105 CD19+ B lympho-
cytes were cultured in 1 ml of medium in the presence or
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absence of 2 mg/ml anti-CD40 mAb 89 (kind gift from Dr G.
Aversa, DNAX Research Institute, Palo Alto, CA, USA),
10 ng/ml IL-4 (R&D Systems, Lille, France), 20 ng/ml IL-10
(kind gift fron Dr F. Brière, Schering-Plough, Dardilly,
France), 20 ng/ml IL-21 (kind gift from Dr H.Yssel, INSERM
U454, Montpellier, France), 1 mg/ml Escherichia coli LPS
(Sigma-Aldrich), 2 mg/ml Staphylococcus aureus peptidogly-
can (Sigma-Aldrich), 2 mM phosphorothioate CpG oligode-
oxynucleotide 2006 (5′-TCGTCGTTTTGTCGTTTTGTC
GTT-3′) (Hycult Biotechnology, Uden, the Netherlands) or
1 mg/ml R848 (imidazoquinoline; Invivogen, San Diego, CA,
USA).After 12 days of culture, supernatants were collected for
Ig measurements.

Immunoglobulin measurements

IgG, IgA, IgM and IgE were measured by enzyme-linked
immunosorbent assay (ELISA) in 12-day culture superna-
tants, as described previously [36,37]. Briefly, IgA, IgM, IgG
and IgE were captured using goat anti-human IgA, IgM or
IgG polyclonal antibody (SouthernBiotech, Birmingham,
AL, USA) or rabbit anti-human IgE polyclonal antibody
(Dako, Trappes, France), respectively, and revealed using
horseradish peroxidase-conjugated goat anti-human IgA
(Jackson Immunoresearch, Newmarket, UK), anti-human
IgM (Calbiochem, Darmstadt, Germany) or anti-human
IgG (Invitrogen Life Technologies) polyclonal antibody, or
mouse anti-human IgE mAb (SouthernBiotech) followed by
horseradish peroxidase-conjugated rabbit anti-mouse IgG
polyclonal antibody (Jackson Immunoresearch). All assays
were performed in duplicate in 96-well, flat-bottomed Max-
isorp microtitre plates (Nunc, Rochester, NY, USA). Serum
IgG, IgA and IgM levels were determined by immunon-
ephelometry (Dade Behring, Eschborn, Germany).

Flow cytometry

PBMCs or CD19+ B cells were stained with monoclonal
allophycocyanin-labelled mouse anti-human CD19 anti-
body or allophycocyanin-labelled mouse IgG1, k (BD
Biosciences). For intracellular TLR-9 expression cells were
fixed and permeabilized using the BD Cytofix/Cytoperm kit
(BD Biosciences) and stained with phycoerythrin-labelled
monoclonal anti-human TLR-9 antibody (Imgenex, San
Diego, CA, USA) or phycoerythrin-labelled mouse IgG1, k as
a control (Biolegend, San Diego, CA, USA) according to the
manufacturer’s recommendations. Data were acquired with
a FACSCanto II cytometer and analysed with FACSDiva soft-
ware (BD Biosciences).

Real-time reverse transcription–polymerase chain
reaction (RT–PCR) analysis

Total cellular RNA from PBMCs was extracted using TRIzol
reagent (Invitrogen Life Technologies) and treated with
DNase I (0.05 U/ml; Roche, Bâle, Switzerland). Four micro-

grams of total RNA were reverse-transcribed using
ImProm-II Reverse Transcriptase (Promega, Charbonnières,
France) and 160 ng/ml pd(N)6 random hexamer (GE Health-
care, Chalfont St Giles, UK), according to the manufacturer’s
instructions (Promega). Quantitative real-time PCR was
conducted using the LightCycler-Fast-Start DNA MasterPLUS

SYBR Green I kit (Roche). The reaction components were 1¥
FastStart DNA Master SYBR Green I and 0.5 mM of the
reported forward and reverse primers for TLR-2, TLR-4,
TLR-9 [38] and hydroxymethylbilane synthase (HMBS) [39]
as a housekeeping gene. After cDNA fluorescent quantifica-
tion using propidium iodide, 750, 75 and 7·5 ng of cDNA
were added as a PCR template in the LightCycler glass
capillaries. The cycling conditions comprised a 10-min poly-
merase activation at 95°C and 45 cycles at 95°C for 10 s,
60°C for 5 s and 72°C for 18 s with a single fluorescence
measurement. Melting curve analysis, obtained by increasing
the temperature from 60°C to 95°C with a heating rate
of 0·1°C/s and a continuous fluorescence measurement,
revealed a single, narrow peak of suspected fusion
temperature. A mathematical model was used to determine
the relative quantification of target genes compared with the
HMBS reference gene [40].

Statistical analysis

Statistical analyses were performed using GraphPad Prism 5
(GraphPad Software, Inc., San Diego, CA, USA). Significance
was determined using the Mann–Whitney U-test when HD
were compared to ALC patients, or Student’s paired t-test
when different culture conditions were compared in the
same cohort, except for IgE production, for which Wilcox-
on’s matched pairs t-test was used. For experiments impli-
cating spleen cells, significance was determined using one-
way analysis of variance (anova) followed by Newman–
Keuls post-test.

Results

Decreased TLR-9 expression in B lymphocytes from
ALC patients

TLR-2, TLR-4 and TLR-9 gene expression levels were analy-
sed in PBMCs from HD and ALC patients by quantitative
real-time RT–PCR. TLR-2 and TLR-4 mRNA relative expres-
sion levels were increased slightly (data not shown), albeit
not significantly, in ALC PBMCs. In contrast, a significant
decrease in TLR-9 mRNA relative expression level was
observed in ALC PBMCs when compared with HD PBMCs
(Fig. 1a). The decreased expression of TLR-9 was confirmed
at the protein level in CD19+ B cells from ALC patients by
flow cytometry (Fig. 1b and c). Indeed, within the CD19+ B
cell population, the percentage of TLR-9+ cells decreased
from 98·2% � 1·7% for HD (n = 5) to 71·9% � 26% for
ALC patients (n = 7; P < 0·05). In addition, the mean fluo-
rescence intensity of TLR-9 labelling within the CD19+/
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TLR9+ population was also weaker for ALC patients [2183
relative fluorescence units (RFU) � 1747] than for HD
(6232 RFU � 2620, P < 0·05).

Immunoglobulin serum levels and immunoglobulin
spontaneous secretion by cultured PBMCs

We investigated the spontaneous secretions of IgA, IgG, IgM
and IgE in the supernatants of cultured PBMCs. ALC
patients’ PBMCs secreted significantly higher levels of IgA
and IgE than HD PBMCs (Fig. 2a and d). The spontaneous
secretion of IgA by both HD and ALC PBMCs were corre-
lated significantly with the serum levels of IgA (data not
shown). IgG and IgM levels were increased, albeit not sig-
nificantly, in the supernatants from ALC PBMCs when com-
pared with HD PBMCs (Fig. 2b and c). As expected, serum
IgA, IgG and IgM were increased significantly in ALC
patients compared with HD (Table 1). No significant differ-
ences were indicated between the circulating number of leu-
cocytes and lymphocytes in ALC patients compared to HD,
whereas the percentage of CD19+ B lymphocytes was
decreased significantly in ALC patients (Table 1).

CpG enhances IgA production by HD PBMCs, an effect
that is attenuated in PBMCs from ALC patients

In order to evaluate the effect of TLR stimulation on IgA
production, PBMCs were cultured with or without LPS,

PGN, CpG, anti-CD40 mAb and/or IL-4, IL-10 or IL-21, a
selected set of cytokines reported to be involved in different
Ig isotype synthesis. In HD PBMCs, the addition of LPS to
IL-10 enhanced IgA production significantly, and this phe-
nomenon was strengthened by the addition of anti-CD40
mAb (Fig. 3a). In ALC PBMCs stimulated by anti-CD40
mAb, the addition of LPS to IL-10 enhanced IgA production
(Fig. 3b). In combination with IL-10, PGN increased IgA
production by both HD and ALC PBMCs, with or without
CD40 stimulation (Fig. 3c and d). CpG enhanced IgA syn-
thesis by HD PBMCs stimulated by IL-10 or IL-21 in the
absence or presence of anti-CD40 mAb (Fig. 3e). In contrast,
CpG, IL-10 or IL-21 alone had no significant effect (Fig. 3e).
In the absence of CpG, IgA synthesis by ALC PBMCs was
higher than that of HD PBMCs in all the culture conditions
tested. Further enhancement by CpG was only observed in
combination with IL-10 in the presence of anti-CD40 mAb
(Fig. 3f).

Role of accessory cells in the enhancement of IgA
secretion by PAMPs

In order to determine further if the effect of PAMPs on IgA
synthesis resulted from direct activation of B cells or a stimu-
lation of accessory cells, we tested whether TLR stimulation
of total SMCs or purified spleen CD19+ B cells from control
subjects affected their Ig synthesis. As shown in Fig. 4a, PGN
enhanced IgA secretion by total SMCs cultured in the pres-

R
e
la

ti
v
e
 e

x
p
re

s
s
io

n

(T
L
R

9
/H

M
B

S
)

3

*

(a) (b) (c)

2

1

0
HD

HD

ALC

ALC

PE-A

E
v
e
n
ts

E
v
e
n
ts

150

100

50

150

200

100

50

0
102 103 104 105

PE-A

0
102 103 104 105

Fig. 1. Toll-like receptor (TLR)-9 mRNA expression in peripheral blood mononuclear cells (PBMCs) (a), and intracellular TLR-9 labelling in

CD19+ B cells from healthy donors (HD) (b) and alcoholic liver cirrhosis (ALC) patients (c). (a) TLR mRNA expression is normalized using

hydroxymethylbilane synthase (HMBS) mRNA expression level. Each bar represents mean � standard error of the mean (n = 5 for ALC, n = 4 for

HD). *P < 0·05 according to Mann–Whitney U-test. (b) Intracellular labelling with anti-TLR-9 antibody (black histogram) or with isotypic control

antibody (light grey histogram) were obtained after gating CD19+ B cells from HD (b) and ALC patients (c). One representative of n = 7 ALC

patients and n = 5 HD.

Table 1. Circulating cell numeration and serum immunoglobulin (Ig)A, G and M levels in cirrhotic patients (ALC) and healthy donors.

Leucocytes

(cells/mm3)

Lymphocytes

(cells/mm3)

CD19+ cells

(%)

Serum IgA

(g/l)

Serum IgG

(g/l)

Serum IgM

(g/l)

Healthy donors 7350 � 897 1905 � 322 10·6 � 1·4 1·9 � 0·2 10 � 0·8 0·7 � 0·2

n = 15 (5400–9200) (1190–2650) (5·8–23·1) (0·7–2·8) (6·4–12) (0·4–1·6)

ALC patients 6300 � 585 1500 � 224 6·6 � 1·1 5·9 � 0·7 16·2 � 1·7 1·8 � 0·3

n = 17 (2800–10600) (320–3290) (1·5–14·7) (2·5–12·1) (4·9–28) (0·4–4·4)

NS NS P < 0·05 P < 0·001 P < 0·05 P < 0·01

Leucocytes and lymphocytes numerations were performed for the normal management of the donors. The proportion of CD19+ B cells was studied

by immunostaining and flow cytometry analysis. Serum IgA, G and M were assayed by immunonephelometry. Results are expressed as mean � standard

error of the mean and range.
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ence of anti-CD40 mAb combined with IL-10 or IL-21. In the
absence of CD40 stimulation a lower, but similar effect was
observed only when PGN was combined with IL-21. LPS
increased IgA secretion significantly by total SMCs only when
combined with anti-CD40 mAb and IL-21. Neither PGN nor
LPS enhanced IgA secretion by CD19+ B cells (Fig. 4b). In
contrast, CpG enhanced IgA production strongly by both
total SMCs and CD19+ B cells in almost all the culture con-
ditions tested (Fig. 4). The powerful enhancing effects of
CpG were observed in combination with IL-10 or IL-21.
Similar secretion profiles were observed for IgM and IgG
(data not shown). Taken together, these data show that LPS
and PGN enhance IgA, IgG and IgM secretion indirectly by
stimulating accessory cells, while the effects of CpG are medi-
ated at least partially by direct activation of B cells.

Absence of response to CpG on IgG and IgM synthesis
by PBMCs from ALC patients

CpG was able to enhance the spontaneous production of
IgM by HD PBMCs, and revealed or potentiated the effects
of IL-4, IL-10 or IL-21 both in the presence or absence of
anti-CD40 mAb (Fig. 5a). With regard to IgG synthesis by
HD PBMCs, whereas TLR-9 ligation had no effect alone or
with CD40 stimulation, CpG revealed the stimulating effects
of IL-10 and IL-21 and vice versa in the presence or absence
of anti-CD40 mAb (Fig. 5c). The effect of IL-21 in the pres-
ence of anti-CD40 mAb is already notable and cannot be
enhanced further by CpG (Fig. 5c). Surprisingly, CpG was
unable to enhance further either IgM or IgG synthesis
induced or not by cytokines or anti-CD40 mAb in ALC
PBMCs (Fig. 5b and d). As expected, IL-4 enhanced IgE syn-
thesis strongly by CD40-stimulated HD PBMCs (Fig. 5e). In
contrast to the other Igs, IgE-induced synthesis was inhibited
strongly by CpG (Fig. 5e). Interestingly, the same profile was
obtained with ALC PBMCs (Fig. 5f), showing that TLR-9
downstream signalling is still functional in ALC PBMCs.

Purified B cells from ALC patients secrete more IgA
than B cells from HD in response to CpG or R848

Although TLR-9 appeared to be functional in PBMCs from
ALC patients, in a few conditions CpG had only a weak
stimulatory effect on Ig secretion by PBMCs from ALC
patients (Fig. 3f). Taking into account that such effects are
mediated by direct stimulation of B cells, we studied TLR-9
stimulation on IgA secretion by purified CD19+ B cells from
ALC patients compared to B cells from HD. CpG alone
increased IgA synthesis significantly by ALC B cells; this
effect was enhanced strongly by the addition of IL-21
(Fig. 6b), whereas IL-21 was necessary to increase IgA secre-
tion significantly by B cells from HD in the presence of CpG
(Fig. 6a). In the absence of stimulation, cultured CD19+ B
cells from ALC patients always secreted a mean of 45 times
more IgA (127 � 41 ng/ml, Fig. 6b) than B cells from HD
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(2·8 � 0·7 ng/ml, Fig. 6a). Further analysis of relative and
absolute IgA production revealed that CpG alone enhanced
IgA secretion 31-fold by CD19+ B cells from HD, whereas for
ALC the enhancement was only sevenfold (Fig. 6a and b).
This is accurate whatever the culture conditions: anti-CD40,
IL-21 or a combination of anti-CD40 and IL-21. This analysis
shows that the relative efficiency of CpG stimulation on IgA
synthesis is less dramatic for ALC B cells. Absolute levels of
IgA production by CpG-activated B cells from ALC patients
were obviously higher than for HD, whatever the stimulation
conditions (none, IL-21, anti-CD40 or both). For example,
IgA levels in supernatant of IL-21- and anti-CD40-activated
B cells from HD were 21 � 6 ng/ml, and 473 � 146 ng/ml
when CpG was added; under the same conditions, for
ALC patients the levels of IgA were 568 � 177 ng/ml
and 5023 � 1582 ng/ml, respectively. Thus, the calculated
increase in IgA was 452 ng/ml for HD and 4455 ng/ml for
ALC. Overall, B cells from ALC patients secreted 10–20 times
more IgA than B cells from HD under the same activation
conditions (Fig. 6a and b, P < 0·01 according to Mann–
Whitney U-test). The absolute IgA production by CpG-
activated ALC B cells was enhanced greatly when compared
to HD, although the relative CpG-induced IgA production
was less important for ALC B cells. A very close IgA over-
secretion pattern was observed for both HD and ALC B cells
under TRL7 activation by R848 (Fig. 6c and d).

Discussion

In alcoholic liver cirrhosis, liver injury is accompanied by a
characteristic increase in serum levels of IgA, IgG and IgM,

Fig. 3. Effects of lipopolysaccharide (LPS)

(a,b), peptidoglycan (PGN) (c,d) and

cytosine-guanine dinucleotide (CpG) (e,f) on

immunoglobulin (Ig)A synthesis by peripheral

blood mononuclear cells (PBMCs) from

alcoholic liver cirrhosis (ALC) patients (b,d,f)

and healthy donors (HD) (a,c,e). White bars:

culture medium; black bars: 1 mg/ml LPS (a,b),

2 mg/ml PGN (c,d), 2 mM CpG (e,f). IgA was

measured by enzyme-linked immunosorbent

assay in 12-day culture supernatants. Each bar

represents mean � standard error of the mean

(n = 8 for ALC, n = 7 for HD). *P < 0·05,

**P < 0·01 according to Student’s paired t-test.
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the origin of which remains to be elucidated fully. In parallel,
ALC patients often undergo bacterial translocation, evi-
denced by circulating viable or non-viable bacterial products
such as endotoxin or bacterial DNA, and caused by complex

mechanisms including the increase of intestinal permeability
[33]. Endotoxin, also known as LPS, belongs to the PAMPs
family of microbial compounds, also including PGN and
CpG, which are potent activators of TLR-4, -2 and -9, respec-

Fig. 5. Effects of cytosine-guanine dinucleotide

(CpG) on immunoglobulin (Ig)M (a,b), IgG

(c,d), and IgE (e,f) synthesis by peripheral

blood mononuclear cells (PBMCs) from

alcoholic liver cirrhosis (ALC) patients (b,d,f)

and healthy donors (HD) (a,c,e). White bars:

control; black bars: 2 mM CpG. Igs were

measured in 12-day culture supernatants by

specific enzyme-linked immunosorbent assay.

Each bar represents mean � standard error of

the mean (n = 8 for ALC, n = 7 for HD).

*P < 0·05, **P < 0·01 according to Student’s

paired t-test (Wilcoxon’s matched pairs t-test

for IgE).
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tively. Activation of TLR-2 and -4 has been associated with
proinflammatory cytokine secretion, while TLR-9 activation,
due to its particular expression pattern, is implicated in B cell
activation and Ig synthesis [8]. Riordan et al. showed previ-
ously that in peripheral monocytes from ALC patients,
TLR-2, but not TLR-4, expression level was increased [28]. In
our study, TLR-2 and -4 gene expression levels in PBMCs
were increased slightly, while TLR-9 gene expression level was
reduced significantly. In agreement, the percentage of B cells
expressing TLR-9 as well as the mean fluorescence intensity
(MFI) of TLR-9 labelling were significantly lower in B cells
from ALC patients compared to HD. Such down-regulation
of TLR-9 expression by B cells has been reported after in vitro
CpG treatment, suggesting that the decrease in TLR-9 expres-
sion by B cells from ALC patients could be due to in vivo
priming by bacterial DNA [14].

In mice, TLRs are linked closely to B cell activation and Ig
secretion, as demonstrated by the critically impaired Ig syn-
thesis against both T-dependent and T-independent antigens
in MyD88 knock-out mice [22]. In humans, TLR implication
in Ig synthesis has long been supported by the effectiveness
of adjuvants in the success of vaccination [34], and more
recently by the finding that B cells can be induced to produce
Igs by bacterial CpG DNA or R848 through direct TLR-9 or
TLR-7 stimulation, respectively [13,20,21,35]. In the present
study, we have shown that CpG enhanced IgA, IgG and IgM
synthesis by HD PBMCs. In contrast, CpG inhibited the
secretion of IgE induced by anti-CD40 mAb and IL-4,
according to previously reported results [15]. IgM secretion
by HD PBMCs was also increased significantly by CpG in
the absence or presence of exogenous IL-10 or IL-21. As
described previously for IgG production [16], CpG
enhanced IgA and IgG secretions by HD PBMCs only when
combined with IL-10 or IL-21. In the presence of IL-10, LPS
and PGN also enhanced IgA secretion by HD PBMCs.
According to the well-documented expression patterns of
TLR-2, -4 and -9 [12], and supported by our data obtained
with purified spleen CD19+ B cells, we speculate that the
enhancing effects of PGN and LPS on IgA secretion by HD
PBMCs are mediated by the activation of non-B cells, such as
cells from the monocytic lineage. In contrast, the action of
CpG on Ig secretion by HD PBMCs is mediated, at least
partially, by direct B cell activation. Nevertheless, we cannot
exclude the participation of accessory cells such as plasma-
cytoid dendritic cells, the role of which in the induction of Ig
synthesis by CpG has already been demonstrated [14].

In ALC, translocation of bacterial products leads to
increased endotoxaemia, as evidenced previously by the
presence of circulating PAMPs such as LPS or bacterial
DNA [1,19]. Taking into account that PGN, LPS and CpG,
in the presence of appropriate cytokines, enhance IgA pro-
duction by HD PBMCs, and that ALC is characterized by
hyper-IgA, we tested the influence of these PAMPs on Ig
secretion by ALC PBMCs. Spontaneous IgA production by
ALC PBMCs was increased significantly, as described pre-

viously [27]. As also observed for HD PBMCs, LPS, PGN
and CpG enhanced IgA secretion by ALC PBMCs in the
presence of anti-CD40 mAb and IL-10. CpG, which was the
strongest enhancer of IgA, IgG and IgM synthesis by HD
PBMCs, had no or very discrete effects on IgA, IgG and
IgM secretion by ALC PBMCs. Nevertheless, TLR-9
remains functional in these cells, as evidenced by the fact
that CpG inhibited IgE synthesis induced by anti-CD40
mAb and IL-4 in HD PBMCs, as reported [15], but also in
ALC PBMCs.

Study of IgA production by purified CD19+ B cells from
ALC patients revealed that IgA levels were always 10–20
times higher than those found in HD B cell supernatants,
either with or without CpG stimulation. CpG alone
increased IgA secretion by B cells from ALC patients (this
effect was enhanced in combination with IL-21), while
IL-21 was necessary to observe an over-increased IgA secre-
tion by HD B cells in the presence of CpG. Because acti-
vators of TLR-7 have been reported recently to induce Ig
synthesis [13,20,21], we also studied the ability of purified
B cells from HD and ALC patients to produce IgA under
R848 activation as a control. As expected, the IgA secretion
patterns were very similar to those observed in the presence
of CpG.

Further analysis showed that relative CpG-induced IgA
production was weaker for ALC B cells when compared to
HD B cells, in accordance with the lower TLR-9 expression
on ALC B cells compared to HD B cells. The absolute IgA
production by CpG-activated B cells was enhanced greatly
for ALC when compared to HD, in agreement with their
intrinsic ability to produce spontaneously more IgA than
HD. The reason for this remains an open question. We
suggest that in vivo priming of B cells from ALC patients (a
non-exclusive hypothesis is that TLR-9 and/or TLR-7 could
participate to this priming) enhances their ex vivo capacity to
produce IgA spontaneously, and to over-produce high abso-
lute IgA levels after ex vivo CpG stimulation.

Taken together, these data favour the hypothesis of an
involvement of TLR pathways in IgA synthesis, contributing
to the characteristic hyperimmunoglobulinaemia of ALC
patients. Our previous study showed that the diminished
expression and/or altered glycosylation of the Fca receptor
at the surface of monocytes, leading to defective clearance of
IgA, could be involved in the hyper-IgA accompanying ALC
[31]. In the present work, we also suggest that circulating
PAMPs activate B cells further to produce IgA, IgG and IgM
by either a direct or indirect pathway, and participate in
ALC-associated hyperimmunoglobulinaemia.
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