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Innate and adaptive immune dysfunction, also referred to
as cirrhosis-associated immune dysfunction syndrome
(CAIDS), is a major component of liver cirrhosis (LC), sub-
stantially contributing to the pathogenesis of the acute and
chronic deterioration of liver function [1]. In advanced LC
with CAID, small intestinal bacterial overgrowth (SIBO) and
increased intestinal permeability (IP) are frequent findings
linked to the translocation of bacteria and bacterial compo-
nents such as endotoxin (lipopolysaccharide; LPS) from gut
lumen to the systemic circulation, termed bacterial translo-
cation (BT) [2]. BT is presumed to be the major mechanism
leading to the development of spontaneous infections in liver
cirrhosis, occurring in up to 30% of patients with decompen-
sated LC, associated with a high mortality [3]. Despite the
significant clinical burden, the precise underlying cellular
and molecular pathways implicated in the phenomenon of
BT in LC have not yet been studied.

Components of the hepatic immunological defense sys-
tem include the innate immune system, exemplified by
antimicrobial peptides (AMPs), considered the first line of
defense against invading bacteria or their associated products
[4]. LC also affects innate immunity by impairing the syn-
thesis and function of pattern recognition receptors (PRRs)
such as the toll-like receptors and related proteins that rec-
ognize LPS and other bacterial-derived molecules, inducing
inflammatory cascades [4]. Gut-associated lymphoid tissue
(GALT) is a component of mucosa-associated lymphoid
tissue (MALT) that is the part of the immune system that
defends against bacterial invasion of the intestine [4]. The
adaptive immune system (AIS) is composed of highly spe-
cialized circulating lymphocytes (e.g., B cells and T cells)
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that process and eliminate pathogens or prevent their multi-
plication. Nouri-Aria et al. [5] demonstrated a broad defect
of T cells and hyperactivity of B cells in patients with LC.

AMPs and GALT are two major barriers that prevent BT
[4]. Salzman et al. [6] have demonstrated that Paneth cell
defensins can inhibit BT in a transgenic mouse model. Telts-
chik et al. suggested that intestinal mucosal barrier antimi-
crobial defenses are compromised in LC, increasing BT in
experimental models of cirrhosis, although direct evidence
supporting AMPs and GALT function in bacterial defense
is lacking in humans, particularly when studied in individual
intestinal segments. Likewise, the contribution of intestinal
T cells is poorly defined in LC, although deserving of more
attention since T cells impair BT translocation. Similarly,
the relationship between intestinal AMPs and gut-derived
endotoxemia in LC is not completely understood.

AMPs include defensins, cathelicidins, resistin-like mol-
ecules, bactericidal-permeability-inducing proteins, and
lectins [4]. Among defensins, only a- and B-defensins have
been identified in the alimentary tract. All mature defensins
have broad-range antimicrobial activity achieved by disrupt-
ing the structure and function of microbial membranes. Neu-
trophils and Paneth cells strategically located at the base of
the intestinal crypt predominantly express a-defensins such
as the human defensin (HD)5 and HD6 genes in humans
[4]. Intestinal HDS provides broad-spectrum microbicidal
activity, whereas HD6 impedes the attachment of poten-
tially pathogenic luminal organisms to the intestinal epithe-
lial cells in order to successfully prevent enteric infection,
thus contributing to the intestinal innate mucosal immunity.
Moreover, the deficit in a-defensins was accompanied by
diminished in vitro antibacterial activity against several spe-
cies of LPS-containing Enterobacteriaceae [7].

In this issue of Digestive Disease Science, Thomopoulos’s
group from University Hospital of Patras [8] demonstrates
an association between compromised intestinal a-defensins,
GALT, and endotoxemia (a marker of intestinal barrier dys-
function and BT) [4]. The Paneth cells from patients with
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Fig. 1 Stages of liver disease and a schematic depiction of a hypothesis addressing the evolution of pathologic bacterial translocation and endo-

toxemia in liver cirrhosis

LC appear to be depleted of granules as compared to normal
controls. They discovered reduced HD5 and HD6 expression
in duodenal Paneth cells and higher serum endotoxin levels
in patients with LC compared to healthy controls, findings
that were heightened in subjects with advanced stages of
liver disease. Most importantly, HD5 and HD6 expres-
sion was inversely correlated with circulating endotoxin

levels [8]. Moreover, they found that among patients with
decompensated liver disease, endotoxin concentration was
increased further in patients with higher Model of End-stage
Liver Disease-Sodium (MELD-Na) score and higher ascites
grade [8]. Therefore, a deficiency in a-defensins likely
decreases mucosal killing activity with a consequent shift
of the luminal bacterial composition associated with SIBO
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and increased BT in LC. Meanwhile, the novel discovery
of Tsiaoussis et al. [8] that depleted intraepithelial CD3+
T-lymphocytes (located within the epithelium, above the
basal lamina, and between epithelial cells of duodenum) in
advanced LC represents a defective ability of T-lymphocytes
to migrate to the frontiers of the gut mucosal barrier and
combat the pathogenic invaders. This is an important dis-
covery since spontaneous BT of commensals occurs in the
absence of T cells. Moreover, T cell depletion is associated
with accumulation of bacteria in mesentric lymph nodes and
the spreading of bacteria to extraintestinal sites in healthy
rats [9].

All of these findings from this study inform a hypoth-
esis that the development and progression of BT parallels
the severity of liver disease (schematized in Fig. 1). In
early stages, mild but constant occurrence of BT triggers
an augmented pro-inflammatory cytokine response within
the GALT that enhances bacterial defense mechanisms that
further enhances intestinal barrier dysfunction, perpetuating
and also adapting the immune system to increased BT. Ulti-
mately, in decompensated cirrhosis, secretion of a-defensins
decreases, SIBO occurs, the function of T-lymphocytes
within the GALT declines, and the amount of BT further
increases. Subsequently, immune cell deficiency within the
GALT with increased BT could then perpetuate the vicious
cycle of inflammation accompanied by increased gut perme-
ability and BT.

This would have been a more comprehensive study if the
authors had provided data supporting the presence of SIBO,
the status of other AMPs such as p-defensins, the expres-
sion of PRRs such as TLR-4, the measurement of intestinal
inflammatory markers, had included more direct markers of
BT such as serum bacterial genomic DNA, and had meas-
ured tight junctional protein expression and transepithelial
permeability [10] in the duodenal biopsies.

Considering the close associations between intestinal bar-
rier dysfunction, BT, and endotoxemia in LC, the investiga-
tion of how host defense mechanisms are disrupted is of
distinct clinical relevance. The novel discovery of Tsiaoussis
et al. [8] opens new perspectives in microbiology, gut physi-
ology and immunology. First, the mechanisms responsible
for the observed compromised a-defensin expression in dif-
ferent stages of LC are poorly understood. Second, more is
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to be discovered regarding the effect of a-defensins on the
expression of intestinal tight junction proteins and luminal
microbial composition. Third, early assessment of immune
dysfunction using routinely available methods can assist
physicians involved in everyday clinical decision-making
help design treatment strategies for patients with advanced
liver disease. Fourth, dietary modulation of gut permeability,
a-defensin activity, and GALT functions [11] may form the
basis for a promising approach for minimizing BT in LC
patients.
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