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Novel Evidence for Chronic Exposure to Endotoxin
in Human Nonalcoholic Steatohepatitis

Froukje J. Verdam, MD, PhD,* Sander S. Rensen, PhD,* Ann Driessen, MD, PhD,w
Jan Willem Greve, MD, PhD,* and Willem A. Buurman, PhD*

Background: Endotoxin is hypothesized to play an important role
in the activation of inflammatory pathways associated with
nonalcoholic steatohepatitis (NASH). However, demonstration of
hepatic endotoxin exposure is challenging due to the inaccessibility
of the portal circulation. Furthermore, reliable measurement of the
relatively low endotoxin levels in plasma of patients with liver
disease and subsequent interpretation remain difficult.

Goals: In this study, we used the EndoCab assay that measures
endogenous antibodies to the core region of endotoxin to estimate
hepatic endotoxin exposure over time.

Study: IgG levels against endotoxin were measured in peripheral
plasma obtained from 21 severely obese patients with NASH and 9
severely obese patients with healthy livers.

Results: Plasma IgG levels against endotoxin were significantly
elevated in patients with NASH compared with patients with
healthy livers (48±63GMU/mL vs. 10±13GMU/mL). More-
over, these IgG levels progressively increased with NASH grade
(grade 1 29±37; grade 2 58±51; grade 3 84±132GMU/mL,
P<0.05). There was no relation between plasma IgG levels and
NASH stage.

Conclusions: Plasma IgG levels against endotoxin were found to be
increased in biopsy-proven human NASH and increased with
aggravated inflammation in NASH, suggesting a relationship
between chronic endotoxin exposure and the severity of human
NASH.

Key Words: antibodies to endotoxin, EndoCab, nonalcoholic fatty

liver disease, leaky gut

Abbreviations: GMU indicates EndoCab standard median-units

IgG; LAL, Limulus Amoebocyte Lysate; NASH, Non-alcoholic

steatohepatitis.

(J Clin Gastroenterol 2011;45:149–152)

Nonalcoholic steatohepatitis (NASH) is a liver disorder
with an increasing incidence and a prevalence of 5.7%

in the United States.1 Several lines of evidence support an
important role for chronic exposure of the liver to bacterial

endotoxin in the pathogenesis of NASH in humans. First,
small intestinal bacterial overgrowth has been shown to be
associated with NASH.2–4 In addition, patients with NASH
display an impaired intestinal barrier function.2,5 Together,
this may lead to the reported increased plasma endotoxin
levels in NASH.5,6

However, there are important concerns with respect to
the analysis of endotoxin in the context of NASH. First,
endotoxin levels in peripheral blood may not necessarily
reflect hepatic endotoxin exposure, as the endotoxin is
rapidly cleared from the portal circulation by the liver.7

In line with this observation, the reported increase in
endotoxin levels in peripheral plasma of patients with
NASH is relatively minor.5 Second, the Limulus Amoebo-
cyte Lysate assay, commonly used for the quantification of
endotoxin, suffers from several limitations. For example, it
is sensitive to variations in endotoxin neutralizing factors,
detergents, urea, and pH.8,9 In addition, cell wall products
of fungi and Gram-positive bacteria and polynucleotides
can account for false-positive test results.9,10 Furthermore,
because of its high sensitivity, the Limulus Amoebocyte
Lysate assay is prone to exogenous endotoxin contamina-
tion.11,12 Last, but not least, the interpretation of endotoxin
levels in patients with liver disease is particularly challen-
ging, as they may be related to a reduced clearing efficiency
of the hepatic reticuloendothelial system and/or an
increased presence of liver-derived X-l,3-D-glucans, which
can account for false-positive results.13,14

In view of these concerns, there is an urgent need for
an alternative method to assess endotoxin exposure of the
liver in human NASH using peripheral blood. For this
purpose, we here assessed the level of Immunoglobulin G
(IgG) antibodies in the systemic circulation directed against
the inner core of endotoxin, using the Endotoxin Core
Antibodies assay (EndoCab).15–17 The Endocab IgG levels
reflect an integrated antibody response to the endotoxin
load over time. This assay has previously been used to study
IgG antibodies against endotoxin in other chronic inflam-
matory diseases, such as inflammatory bowel disease.18 Our
data show that patients with NASH display elevated
plasma EndoCab IgG levels, supporting the association
between increased endotoxin plasma levels and NASH.

MATERIALS AND METHODS

Patients
Thirty severely obese patients undergoing primary

bariatric surgery were sequentially included at the depart-
ment of General Surgery of the Maastricht University
Medical Centre. These Patients had no history of bariatric
surgery or other gastrointestinal tract surgery. Patients
with acute, recent, or chronic inflammatory diseasesCopyright r 2011 by Lippincott Williams & Wilkins
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(eg, M. Crohn, Colitis), degenerative diseases, more than
10 g alcohol consumption per day, other known liver
diseases (eg, autoimmune hepatitis or hepatitis B, C) or
use of antiinflammatory drugs were excluded from the
study. Patient characteristics are summarized in Table 1.
This study was approved by the Medical Ethical Board of
the Maastricht University Medical Center in line with the
ethical guidelines of the 1975 Declaration of Helsinki, and
informed consent was obtained in writing from each
patient.

Samples
Venous blood samples and liver biopsies of all patients

were obtained and processed as previously described.19

Plasma was stored in endotoxin-free vials (Sigma-Aldrich,
St. Louis, MO). All 30 liver biopsies were at least 15mm in
length and had a sufficient number of portal tracts to allow
correct evaluation of histologic features. NASH was
classified according to the Brunt score20 and the NAS
score (Kleiner et al)21 and NASH severity was assessed
according to the criteria of Brunt by an experienced liver
pathologist blinded to the clinical context of the biopsies
and laboratory parameters. The livers of severely obese
patients without NAFLD (<5% steatosis) or with a NAS
score of 0 to 2 were considered healthy livers. All patients
with NASH had a NAS score of more than 5.

Measurements
Plasma IgG levels against endotoxin were measured

using a commercially available sandwich ELISA for human
EndoCab (Hycult Biotech, Uden, the Netherlands) accord-
ing to the manufacturer’s protocol. All plasma samples
were analyzed in duplicate in the same run. The intra and
interassay coefficients of variance were <10%.

Statistical Analysis
Data are presented as mean±standard deviation.

Statistical analysis was done, using Prism 5.0 for Windows
(GraphPad Software Inc., San Diego, CA). Differences
between groups were analyzed by the Mann Whitney test or
the Kruskal Wallis-test followed by Dunn’s posttesting.
Correlations were calculated using Spearman correlation
coefficient. A P-value <0.05 was considered statistically
significant.

RESULTS
IgG antibodies directed to the core region of

endotoxin were detected in all 30 patients with concentra-
tions ranging up to 281 EndoCab standard median-units
IgG (GMU)/mL. The mean EndoCab IgG level was
37±55GMU/mL with a median of 28GMU/mL.

Interestingly, plasma EndoCab IgG was significantly
increased by almost 5-fold in patients with NASH
compared with patients with healthy livers (48±63GMU/
mL vs. 10±13GMU/mL, P<0.01; Fig. 1A). Moreover,
plasma IgG levels against endotoxin progressively increased
with NASH grade (grade 1 n=11, 29±37; grade 2 n=6,
58±51; grade 3 n=4, 84±132GMU/mL, P<0.05, Fig.
1B), suggesting a relation between chronic endotoxin
exposure and liver inflammation. NASH stage was not
related to plasma EndoCab IgG levels (stage 0, n=3,
57±27; stage 1, n=11, 35±42; stage 2&3 n=7
64±97GMU/mL, P=0.38, Fig. 1C).

Because immunoglobulin levels, in general, are known
to increase with age, we next investigated the relation
between EndoCab IgG and age. There was no correlation
between EndoCab IgG levels and age (rs=0.15, P=0.37),
indicating that EndoCab IgG elevation in NASH is a
specific phenomenon that cannot be attributed to increasing
age. In line with this, the age distribution of the healthy
liver and the NASH group was comparable (Table 1).
Furthermore, as NASH is associated with diabetes type 2,
we also investigated whether plasma Endocab IgG levels
were higher in diabetic patients. Diabetic patients did not
show significantly increased plasma Endocab IgG levels
compared with patients without diabetes (40±13GMU/
mL vs. 36±12GMU/mL, P=0.45).

DISCUSSION
Gut-derived endotoxin is suggested to be an important

player in the pathogenesis of NASH.2,4 Hence, there is an
increasing interest in the assessment of endotoxin exposure
of the liver in humans. However, the analysis of endotoxin
is complicated due to technical and sampling issues. Here,
we have studied the potential of the EndoCab assay as an
indicator of chronic hepatic endotoxin exposure in human
NASH. Our data reveal an association between biopsy-
proven human NASH and elevated plasma levels of IgG

TABLE 1. Characteristics of the Study Population

Healthy Liver NASH P

No. patients 9 21*
Age (y) 43.7±2.1 47.3±2.1 0.36
Sex (M:F) 3:6 9:12 0.63
BMI (kg/m2) 47±2.3 50.2±1.9 0.33
DM 2 (yes/no) 1:8 5:16 0.43
HT (yes/no) 3:6 12:9 0.47
Fasting glucose (mmol/L) 6.0±0.44 (n=6) 6.7±2.1 (n=17) 0.11
Total cholesterol (mmol/L) 4.6±1.0 (n=5) 5.0±1.3 (n=14) 1.00
LDL (mmol/L) 2.8±1.3 (n=5) 3.2±1.2 (n=14) 0.93
HDL (mmol/L) 0.82±0.11 (n=5) 0.90±0.18 (n=14) 0.96
FFA (mmol/L) 0.62±0.23 (n=5) 0.78±0.31 (n=14) 0.27
AST (IU) 24±11 (n=8) 36±17 (n=16) 0.13
ALT (IU) 29±18 (n=8) 39±32 (n=16) 0.60

Data are presented as mean value±SD (n=No. patients). No significant differences with respect to age, sex distribution,
BMI, diabetes, hypertension, or plasma parameters were observed between the groups.

*The 21 NASH patients were subdivided according to the Brunt classification in NASH grades and stages; NASH grades
(grade 1: n=11; grade 2: n=6; grade 3: n=4) and NASH stages (stage 0: n=3; stage 1: n=11; stage 2&3: n=7), respectively.
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antibodies against the core region of endotoxin, supporting
a possible role for chronic hepatic endotoxin exposure in
the development of NASH.

The analysis of immunoglobulins against endotoxin
has several advantages over the direct detection of
endotoxin. First of all, it is not affected by contamination,
and it detects a physically more stable molecule. Further-

more, because of the relatively long half-life (21 days) of IgG
antibodies, measurement of IgG against endotoxin provides
an indication of endotoxin exposure over time. Importantly,
systemic plasma Endocab IgG levels were previously found
to be correlated to plasma endotoxin levels.17 In addition,
plasma levels of IgG against endotoxin may also reflect the
responsiveness of the immune system toward this potent
immunostimulatory compound, which, in the pathogenesis of
NASH, could be more relevant than measuring endotoxin
directly. Indeed, we found that plasma IgG levels against
endotoxin progressively increased with NASH severity,
suggesting a relation between chronic endotoxin exposure
and liver inflammation. However, taking into consideration
that the study population size is limited, these findings will
need to be validated in a larger cohort.

Antiendotoxin IgG levels have previously been used to
study the antibody response to endotoxin in other chronic
inflammatory diseases associated with chronic endotoxin
load, such as inflammatory bowel disease and colitis. In line
with our results, these patients displayed significantly
elevated plasma IgG levels.18 To our knowledge, a potential
association between plasma Endocab IgG levels and
obesity-associated chronic inflammatory disorders, such
as diabetes or atherosclerosis has not been earlier reported.
However, in our study population, no relation between
Endocab IgG and diabetes type 2, hypertension, or gender
was observed.

Of note, IgG antibodies against endotoxin might also
have a functional role with respect to activation of innate
immunity in NASH. In particular, immune complexes
between IgG antibodies and endotoxins may cause deposi-
tion of complement component C1q. This C1q deposition in
turn may further aggravate liver inflammation by initiating
complement activation and promoting neutrophil infiltration,
as we previously showed in human NASH.19 Future studies
will therefore focus on the identification of EndoCab IgG in
the liver in relation to complement activation.

Taken together, our findings support the hypothesis
that hepatic endotoxin exposure contributes to the devel-
opment of NASH. The detection of plasma IgG levels
against endotoxin may represent a novel method to assess
chronic hepatic endotoxin exposure in patients with NASH.
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