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Abstract

Introduction: Celiac disease (CD) is an autoimmune enteropathy triggered by gluten ingestion in
genetically susceptible individuals. In CD, activation of the immune response causes damage of the
intestinal mucosa, and a gluten-free diet (GFD) is the only available therapy. Intestinal damage can
lead to an increase in the circulation of components of bacteria from the intestinal lumen, such as lipo-
polysaccharide (LPS). Soluble CD14 (sCD14) and lipopolysaccharide-binding protein (LBP) participate
in the recognition of LPS, and their levels are altered in different pathologies. In the present study, the
circulating levels of sCD14 and LBP from untreated CD patients were evaluated and compared to CD

patients on a GFD and controls.

Material and methods: In total seventy-two adult patients with CD, twenty-three untreated CD pa-
tients and forty-nine on a GFD were included. In addition, fifty-five healthy individuals were included
as controls. Additionally, the effect of LPS on sCD14 production by both normal and inflamed intestinal

tissue culture was explored.

Results: Serum levels of sCD14 were found to be significantly increased in untreated CD patients
compared to patients on a GFD and controls. In addition, we found that LPS induced the production of
sCD14 by biopsies of intestinal tissue from untreated CD patients.

Conclusions: The data from this study show that circulating levels of sCD14 are increased in the
untreated CD patients compared to patients on a GFD. Our data show that LPS induces the production
of sCD14 by the intestinal tissue from untreated CD patients.
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Introduction

Celiac disease (CD) is an autoimmune enteropathy
triggered by gluten ingestion in genetically susceptible in-
dividuals [1, 2]. Gluten is present in cereals such as wheat,
barley, rye, and other related grains, and is composed of
prolamins and glutelins. The prevalence of CD worldwide
is approximately 1% and the incidence is increasing [3].
CD can affect individuals of any age and the male-to-
female ratiois 1 : 3to 1 : 1.5 [1]. The etiology of CD is
complex, involving genetic and environmental factors [4].

In CD, the activation of both the innate and adaptive
immune response produces damage of the intestinal mucosa,
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including infiltration of lymphocytes, villous atrophy, and
alteration of intestinal permeability. In a context of increased
intestinal mucosal permeability such as that presented in CD,
undigested gliadin fragments can reach the lamina propria
of the intestine. In the lamina propria, gliadin peptides are
deaminated by the transglutaminase 2 (TG2) enzyme, and
peptides increase their binding affinity to the HLA class 11
DQ2 and/or DQS8 molecules present on the surface of antigen
presenting cells (APC). Gliadin peptides are presented to
CD4* T lymphocytes, which secrete inflammatory cytokines
and promote B lymphocyte activation [4].

A strict lifelong gluten-free diet (GFD) is currently the
only available therapy. This treatment allows the resolution

Correspondence: Patricia Langjahr, PhD, Department of Immunology, Instituto de Investigaciones en Ciencias de la Salud,
Universidad Nacional de Asuncidn, Paraguay, e-mail: plangjahr@gmail.com

Submitted: 2.06.2020; Accepted: 10.08.2020

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike
4.0 International (CC BY-NC-SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/) 1



Silvia Ferreira et al.

of symptoms and the repair of intestinal damage in most
cases [5].

Mucosal damage and alteration of intestinal permea-
bility have been associated with microbial translocation,
where microorganisms from the intestinal lumen or their
products get access to the bloodstream [6]. Thus, the in-
crease in circulating levels of bacterial products such as
lipopolysaccharide (LPS) or endotoxin leads to systemic
activation of the immune response [6].

Genetic and environmental factors contribute to trigger
autoimmunity. There is increasing evidence that intesti-
nal barrier dysfunction and microbial translocation can be
found among these factors. Furthermore, microbial trans-
location and systemic activation of the immune response
can not only contribute to trigger autoimmunity but also
aggravate autoimmune conditions [7].

In addition, due to the increased levels of circulating
LPS in conditions with changed intestinal permeability, the
levels of proteins involved in their recognition are altered,
including soluble CD14 (sCD14) and lipopolysaccha-
ride-binding protein (LBP) [6, 8]. Because of this, sCD14
and LBP have been proposed as markers of intestinal dam-
age and endotoxemia [6].

sCD14 and LBP are accessory molecules of toll-like
receptor (TLR) 4. LBP binds to LPS aggregates and trans-
fers them to the membrane CD14 or sCD14, which then
transfers it to the TLR4/myeloid differentiation factor
(MD)-2 complex [9].

Altered serum levels of sCD14 and LBP were found
in different inflammatory/autoimmune pathologies, such as
type 1 diabetes, lupus, multiple sclerosis and Crohn’s dis-
ease [10-14]. In CD, studies about sCD14 and LBP proteins
are limited. Elevated serum levels of sCD14 were found
in untreated CD patients (active CD) compared to CD pa-
tients on a GFD and controls [15]. Another study reported

Table 1. Characteristics of celiac patients and control sub-
jects

Variable Controls CD patients CD patients
treated with GFD
n 55 23 49
Age (years, +SD) 34912  34.7+11.9 352 %125
Gender, n (%)
Male 14 (25.5) 7 (30.4) 10 (20.4)
Female 41 (74.5) 16 (69.6) 39 (79.6)
GFD (%) N/A 0 100
Anti+tTG2, n (%)
Positive 0 23 (100) 14 (29)
Indeterminate 0 0 4(8)
Negative 55 (100) 0 31(63)

CD — celiac disease, GFD — gluten-free diet, tTG2 — tissue transglutaminase,
N/A — not applicable

no differences between serum levels of sSCD14 and LBP in
patients with active CD compared to healthy controls [16].

LBP is produced by hepatocytes and epithelial cells
[17], while sCD14 is produced by monocytes/macrophages
and granulocytes, as well as by keratinocytes, hepatocytes
and human intestinal epithelial cells [18-20].

The release of sSCD14 by hepatocytes or peripheral
mononuclear cells increases in the presence of LPS [21,
22]; however, it is not known whether the production of
this molecule in the normal or inflamed intestinal tissue is
influenced by exposure to LPS.

In this scenario, more studies are needed to clarify
whether these proteins are altered in CD. The aim of this
study was to evaluate the serum levels of sCD14 and LBP
in untreated CD patients, and to compare them with those
of CD patients on a GFD and with healthy controls. In
addition, exploring whether LPS, an inflammatory stimu-
lus, induces the production of sCD14 by both normal and
inflamed intestinal tissue was proposed.

Material and methods
Patients and controls

Serum samples were collected from 72 adult CD pa-
tients (23 untreated and 49 on a GFD) and 55 healthy
adults as controls (Table 1). Groups were matched by
sex and age. The patients were recruited at the Institu-
to de Investigaciones en Ciencias de la Salud and Hos-
pital de Clinicas, Universidad Nacional de Asuncién, in
collaboration with the Fundacién Paraguaya de Celiacos
(FUPACEL). CD diagnosis was performed by evaluation
of clinical presentation, histological examination, and se-
rological evaluation. In summary, all patients included had
a diagnosis confirmed by biopsy and histological analysis
by a specialist, and they presented total or partial villous
atrophy at the time of diagnosis. 90% of celiac patients had
intestinal symptoms at the time of diagnosis. The patients
included had no other autoimmune disease.

Patients on a GFD had a minimum of 6 months of diet
at the time of serum collection (average diet duration of
5.6 years) and they presented negative (63%), undetermined
(8%) or positive (29%) immunoglobulin A (IgA) anti-TG2.
All patients on a GFD reported that they complied with the
diet and received nutritional advice at the beginning of the
GFD. Controls were free from any symptoms or signs of
disease and were negative for IgA anti-TG2.

This study was approved by the Ethics Committee of the
Instituto de Investigaciones en Ciencias de la Salud, Univer-
sidad Nacional de Asuncién. Written informed consent was
obtained from each participant prior to inclusion in the study.

Assessment of serum levels of IgA anti-TG2

Serum levels of IgA anti-TG2 were determined by en-
zyme-linked immunosorbent assay (ELISA) (AESKULISA,
Germany), according to the manufacturer’s protocol.
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Fig. 1. Serum sCD14 and LBP levels in CD patients and controls. The sCD14 (A) and LBP (B) concentration in serum
samples from control subjects (C), untreated patients with celiac disease (CD) and patients with celiac disease on a glu-
ten-free diet (CD-GFD). Mann-Whitney test. *p = 0.0220, **p = 0.0073

Determination of sCD14 and LBP in serum

Assessment of sCD14 and LBP serum levels was per-
formed using sandwich ELISA (R&D Systems, USA)
following the manufacturer’s instructions. Samples were
diluted and incubated in duplicate. The absorbance of the
sample was determined by a spectrophotometer and con-
centrations were calculated from a standard curve.

Production of sCD14 from in vitro cultured small
intestinal biopsies

Biopsy specimens were obtained from the second por-
tion of the duodenum during gastroduodenoscopy. Small
intestinal biopsy samples from 5 patients with untreated
CD (without GFD) and 5 controls (submitted to endoscopy
due to suspicion of dyspepsia) were cultured for 24 h in se-
rum-free RPMI in the presence or absence of LPS (5 pug/ml)
and the concentration of sCD14 in culture supernatant
were measured by ELISA (R&D Systems, USA). Content
of sCD14 in the supernatant was adjusted to the total pro-
tein content of biopsy determined by Bradford assay (Bio-
Rad, USA) and expressed as pg/ml/mg.

Statistical analysis

Normality of distribution was assessed using the Kolmo-
gorov-Smirnov test. Comparison between two groups was
performed with the two-sided Mann-Whitney test or ¢ test,
as indicated. The correlations between variables were cal-
culated using Spearman’s correlation coefficient. Analyses
were conducted using GraphPad Prism 6.01. A p value
< 0.05 was considered statistically significant.

Results

A total of 72 CD patients (23 untreated and 49 on
a GFD) were included. Also, 55 healthy adults were in-

cluded as a control group. Serum sCD14 levels of un-
treated celiac patients (CD) were found to be increased
compared to those in CD patients on a GFD (CD-GFD)
(p =0.0073) and to control subjects (p = 0.0220) (Fig. 1A).
The median (IC 25-75%) serum concentration of sCD14
in CD, CD-GFD, and the control group was 1759 (1487-
1905) ng/ml, 1472 (1295-1693) ng/ml, and 1543 (1344-
1733) ng/ml, respectively. No statistically significant dif-
ference was observed between sCD14 levels of CD-GFD
and controls. Also, no significant difference was found
between the sCD14 levels of females and males in CD
patients or the control group (data not shown).

When analyzing serum concentration of LBP, anoth-
er soluble protein that participates in the recognition of
LPS, no statistically significant difference was observed
between levels in untreated CD patients, CD-GFD patients,
and the control group (Fig. 1B). The median (IC 25-75%)
serum concentration of LBP in CD, CD-GFD and the
control group was 7.434 (5.89-16.61) pg/ml, 9.071 (4.93-
14.35) pg/ml and 8.129 (6.82-10.64) pg/ml, respectively.

Subsequently, serum sCD14 levels of untreated celi-
ac patients were compared with those of CD patients on
a GFD according to the serum value of anti-TG2 IgA anti-
body (positive or negative). sCD14 levels were found to be
significantly increased in untreated CD patients compared
to those in CD patients on GFD, regardless of whether the
IgA anti-TG2 antibody in the latter group was negative or
positive (Fig. 2). Also, no difference in sCD14 levels was
observed in the CD-GFD group with a positive or negative
value of IgA anti-TG2 antibody.

In Figure 3 the results of the correlation between serum
levels of sCD14 and IgA anti-TG2 antibody are shown. No
significant correlation was observed between sCD14 and
the autoantibody from untreated CD patients and CD-GFD
patients.
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Fig. 2. Serum levels of sCD14 in untreated patients with
celiac disease (CD) and patients with celiac disease on
a gluten-free diet (CD-GFD) according to the value (neg-
ative or positive) of IgA anti-transglutaminase (anti-TG2)
antibody. Mann-Whitney test. *p < 0.05

CD14 is a co-receptor for LPS recognition and is in
the plasma membrane. CD14 is shed from the cell surface
leading to sCD14 generation. The production of sCD14
from peripheral mononuclear cells increases in the pres-
ence of LPS; therefore increased levels of sCD14 could
reflect endotoxin exposure. However, it is not known
whether LPS influences the production of sCD14 by cells
present in the intestine. To elucidate whether LPS affects
the production of sCD14 at the level of intestinal tissue, the
production of basal and LPS-induced sCD14 was analyzed
in supernatants of cultured biopsies from untreated CD pa-
tients and control subjects. Intestinal tissue from both con-
trols and CD patients presented a constitutive production
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of sCD14. The production of sCD14 by the uninflamed in-
testinal tissue of the control subjects did not increase with
the stimulation of LPS. However, when stimulated with
LPS, an increase in the production of sCD14 by the intesti-
nal tissue of patients with active CD was observed (Fig. 4).

Discussion

In the present study, elevated serum levels of sCD14
were found in untreated CD patients (active CD) compared
to those in CD patients on a GFD and healthy controls.
Elevated circulating levels of sCD14 indicate a systemic
response to exposure to bacteria or bacterial components
[8, 21]. Increased circulating levels of sCD14 in CD pa-
tients may be due to increased intestinal permeability and
subsequent translocation of bacteria from the intestinal lu-
men to blood circulation. This microbial translocation may
lead to a state of systemic inflammation, which has been
reported to promote or affect the development of diverse
pathologies [23].

Reports on sCD14 levels in CD are limited. Hoff-
manovi et al. reported increased levels of sCD14 in CD
patients compared to patients on a GFD and a control
group [15]. However, Uhde e al. did not find statistically
significant differences in sCD14 levels between CD pa-
tients and controls; this study did not include patients on
a GFD [16]. Our results agree with the first observation,
since we detected a statistically significant increase of
sCD14 levels in CD patients compared to a control group
and with patients on a GFD.

The differences observed between the results from our
study and those reported by Udhe et al. could be due to
the ethnic differences and/or differences in clinical char-
acteristics of the patients included in both studies. It is
noteworthy that none of the patients included in our study
manifested any other autoimmune disease aside from CD.
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Fig. 3. Correlation of serum levels of sSCD14 and IgA anti-TG2 from untreated celiac disease patients (CD) (A) (Spear-
man’s r = 0.3478, p = 0.1039) and celiac disease patients on a gluten-free diet (CD-GFD) (B) (Spearman’s r = -0.1307,

p = 0.3760)
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Additionally, no significant difference was observed
between sCD14 levels of CD patients on a GFD and con-
trols. This finding could be explained by the fact that once
GFD is initiated, inflammation and intestinal damage grad-
ually decrease [3].

Anti-TG2 IgA antibody is an auto-antibody and the
preferred serological marker for the diagnosis of CD due
to its high sensitivity [1]. As is shown in Figure 3, there
was no correlation between anti-TG2 IgA antibody and
sCD14 levels in untreated and treated patients, suggesting
that these molecules evaluate different components of the
inflammatory process.

As was previously reported, we observed that anti-TG2
IgA antibody levels decrease after the beginning of a GFD
in most patients. However, seroconversion (negative anti-
TG?2) in patients on a GFD does not necessarily imply re-
covery of the damage in the intestinal mucosa [24]. We
found that sCD14 was significantly elevated in untreated
CD patients compared to those on GFD, independent of
the status of anti-TG2 IgA antibody (positive or negative).
In this context, our results showed differential production
of sCD14 between untreated patients and those on a GFD.
This suggests that circulating levels of sCD14 may reflect
microbial translocation and stimulation of sCD14 produc-
tion.

LBP, another protein involved in the recognition of
LPS, showed no significant difference in serum concentra-
tion between untreated CD patients and the control group;
this result is in agreement with a previous report [16].
Likewise, no increased serum levels of LBP were observed
in untreated patients compared to those on a GFD. Chronic
exposure to LPS has been reported to decrease LBP levels
[25]. Since intestinal permeability is altered in CD patients,
chronic exposure to LPS may contribute to avoiding the
increase of LBP levels in CD patients.

In this study, the production of sCD14 by both un-
treated CD and normal intestinal tissue was analyzed. We
found that LPS induces the production of sCD14 by biop-
sies from CD patients, in contrast to uninflamed intestinal
tissue from controls. These results indicate a role of LPS in
the intestinal production of sCD14 in CD patients.

Monocytes/macrophages are an important cellular
source of sCD14 [6]. Human intestinal macrophages, in
contrast to non-intestinal macrophages, are non-inflam-
matory and present low expression of receptors of the in-
nate immune system, showing a hyporesponse to LPS [26,
27]. In the presence of an inflammatory environment, as
in Crohn’s disease, intestinal macrophages change, with
accumulation of CD14"CD11c" monocytes/immature
macrophages. These cells, unlike those that are not found
in an inflammatory environment, produce inflammatory
cytokines when stimulated with components of bacterial
microorganisms, such as LPS [28]. A similar situation
could occur in celiac patients, where the sCD14-produc-
ing macrophages are found in an inflamed tissue, which
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Fig. 4. Spontaneous and LPS-stimulated sCD14 produc-
tion from small intestinal biopsies from control subjects
(C) and untreated celiac disease patients (CD), in the pres-
ence or not of lipopolysaccharide (LPS). ¢ test, ns — not
significant, *p = 0.0353

may explain the increase in sSCD14 production observed
in response to LPS stimulus. Further studies are needed to
fully elucidate the cause of the increase in SCD14 and the
role it plays in the pathogenesis of the disease.

Conclusions

In conclusion, this study shows that circulating levels
of sCD14, a co-receptor for LPS and a marker of endotox-
emia, are increased in untreated CD patients compared to
those in CD patients on a GFD.

Additionally, our data show that LPS induces the pro-
duction of sCD14 from intestinal tissue of untreated CD pa-
tients, indicating a role of LPS in the intestinal production
of sCD14 in patients with active CD. This study provides
information on the production of proteins related to the ex-
posure of LPS, an important inflammatory stimulus, in CD.
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