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Is there a possible correlation between antibodies against lipopolysaccharide, intestinal and bloodbrain barrier proteins in IBD subjects?
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Dear Editor,
It has been established that individuals with inflammatory bowel
disease (IBD) have greater risk for increased intestinal permeability
[1,2]. This condition facilitates the translocation of enteric bacterial
lipopolysaccharide (LPS) into the bloodstream. LPS by itself is inflammatory, but it also triggers the flux of tumor necrosis factor-α,
which has been shown to play a role in multiple autoimmunities [3].
This mechanism explains the increase of comorbidities, from arthritis to
psoriasis [4–7], seen in IBD disorders, Crohn's disease (CD) and ulcerative colitis (UC).
Neurological comorbidities in IBD are seen less frequently [8];
however, the critical nature of neurological dysfunctions warrants investigation into a possible link between the translocation of LPS, as seen
in IBD, to a breakdown of the blood-brain barrier (BBB). A breach of the
BBB often precedes the onset of neuroautoimmunity [9]. We examined
the co-occurrence of LPS antibody with barrier proteins such as occludin, zonulin, S100B and human aquaporin-4 (AQP4).
It has been shown that LPS levels are increased in patients with IBD
[10,11]. However, it has also been shown that LPS and similar molecules have an extremely short half-life (from 2 to 4 min), and that levels
of such molecules can fluctuate greatly from day to day or even hour to
hour because of the body's immune response to these molecules
[12,13]. The measurement of antibodies to these molecules has been
demonstrated to be more stable and reliable [13]. Therefore, we used
ELISA methodology to test sera from 188 subjects with IBD who were
positive for anti-Saccharomyces cerevisiae antibodies (ASCA) and antineutrophil cytoplasmic antibodies (ANCA), and compared them with
sera from 196 healthy controls using commercial kits from Inova. Then,
all subjects were assessed for serum immunoglobulin IgG, IgA and IgM
reactivities to LPS, as well as barrier tissue proteins occludin+zonulin,
(AQP4), and S100B using in-house ELISA.
At 2 SD above the mean, 72% of patients with IBD showed elevations in LPS IgG antibodies, 41% showed elevations in IgA antibodies,
and 33% in IgM antibodies.
In the LPS IgG positive group, the IgG immune reactivity was 48%
for occludin+zonulin, 42% for AQP4, and 34% for S100B. There was
nearly a 2-fold increased risk of having antibodies to barrier proteins
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occludin+zonulin, S100B and AQP4, if LPS IgG antibodies were elevated. Specifically, the IgG risk ratio was 1.5 (1.2–2.0) for occludin
+zonulin (p-value 0.001); 1.7 (1.3–2.2) for S100B (p-value < .0001);
and 1.2 (0.9–1.6) for AQP4 (p-value 0.1).
In the IgA positive group, the IgA immune reactivity was 40% for
occludin+zonulin, 52% for AQP4, and 57% for S100B. There was a
2–4-fold increased risk of having antibodies to barrier proteins if LPS
IgA antibodies were elevated. Specifically, the IgA risk ratio was 2.2
(1.6–2.9) for occludin+zonulin (p-value < .0001); 3.8 (3.0–4.9) for
S100B (p-value < .0001); and 3.2 (2.5–4.1) for AQP4 (p-value <
.0001).
In the IgM positive group, the IgM immune reactivity was 55% for
occludin+zonulin, 58% for AQP4, and 50% for S100B. There was a 2fold increased risk of having antibodies to barrier proteins if LPS IgM
antibodies were elevated. Specifically, the IgM risk ratio was 2.7
(2.1–3.6) for occludin+zonulin (p-value < .0001); 2.5 (1.9–3.3) for
S100B (p-value < .0001); and 2.3 (1.8–3.0) for AQP4 (p-value <
.0001). It is important to note that IgM reactivity to LPS had the highest
percent of reactivity to all three self-proteins (39%) simultaneously.
Furthermore, statistical analysis was performed to study the relationships of LPS, occludin+zonulin, S100B and AQP4 using Pearson's
coefficients. Linear trends were evaluated for each immunoglobulin
using a scatter matrix. The p-value was adjusted for multiple comparisons using a Bonferroni adjustment. Risk analysis was conducted using
chi-square analysis to determine the risk immunological reactivity to
barrier proteins with individuals that exhibited elevated LPS antibodies.
Our results showed significant correlations between LPS antibodies
and antibodies to barrier proteins. Moderate correlation coefficients
were noted for IgA and IgM antibodies (r = 0.5–0.6), and small to
moderate correlations were noted for IgG (r = 0.2–0.4). These relationships between LPS and barrier proteins are summarized in
Table 1.
Our results also showed significant correlations among the barrier
proteins with each other. Indeed our results showed a higher correlation coefficient with the IgA (0.6–0.7) and IgM (0.7–0.8) results. The
IgG correlation coefficients were also statistically significant (0.4–0.5).
These relationships between LPS and barrier proteins are summarized
in Table 2.
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antibody and its correlation with barrier protein antibodies in an effort
to detect or prevent possible BBB damage and neurological comorbidities. There are limitations to our data analysis because we did not
specifically separate ASCA- or ANCA-positive individuals; we also were
not able to consider clinical symptomatologies because we utilized
purchased commercial samples in our testing. Additional studies should
then be performed on CD versus UC patients based on ASCA or ANCA
positivity as well as clinical symptomatologies that are associated with
individual disorders to identify any increased risk for neuroautoimmunity within the subgroups of IBD patients.

Table 1
Correlations analysis between LPS IgG, IgA, IgM and barrier proteins IgG, IgA
and IgM.
Correlation of Lipopolysaccharides IgG with Barrier Proteins
Barrier Proteins

Coefficient

P-value

S100B IgG
AQP4 IgG
Occludin-Zonulin IgG

0.4
0.2
0.4

< 0.0001
0.0004
< 0.0001

Correlation of Lipopolysaccharides IgA with Barrier Proteins

References

Barrier Proteins

Coefficient

P-value

S100B IgA
AQP4 IgA
Occludin-Zonulin IgA

0.6
0.6
0.5

< 0.0001
< 0.0001
< 0.0001
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Correlation of Lipopolysaccharides IgM with Barrier Proteins
Barrier Proteins

Coefficient

P-value

S100B IgM
AQP4 IgM
Occludin-Zonulin IgM

0.6
0.6
0.6

< 0.0001
< 0.0001
< 0.0001

Table 2
Correlation analysis between barrier proteins.
Barrier Protein Antibody Correlations
Correlations

Coefficient

P-value

S100B IgA and AQP4 IgA
S100B IgA and Occludin-Zonulin IgA
AQP4 IgA and Occludin-Zonulin IgA
S100B IgG and AQP4 IgG
S100B IgG and Occludin-Zonulin IgG
AQP4 IgG and Occludin-Zonulin IgG
S100B IgM and AQP4 IgM
S100B IgM and Occludin-Zonulin IgM
AQP4 IgM and Occludin-Zonulin IgM

0.7
0.7
0.6
0.5
0.4
0.5
0.8
0.7
0.7

< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001
< 0.0001

Our findings showed that, compared to healthy controls, IgG, IgA
and IgM LPS antibodies are elevated in IBD patients. Although IgG had
the highest percentage of elevations both in IBD patients and controls,
the IgA and IgM reactions point to the specificity of LPS in IBD patients.
In inflammatory gastrointestinal disorders IgA and IgM are the preferred biomarkers. IgA is reflective of mucosal immunity, and due to its
polymeric quality can be transported from the gut to the blood stream,
thus, making IgA more specific to the gut. The IgM antibody class is
widely used to identify acute or inflammatory stage immune responses.
IgA and IgM showed moderate correlation between LPS and barrier
proteins. IgA and IgM also showed higher correlation between the
barrier proteins and each other. These correlations show that IgA and
IgM reactivity to LPS puts the IBD patient at greater risk for gut and BBB
damage and therefore neuroautoimmunity.
The significant elevation of LPS antibodies in IBD patients versus
healthy controls confirms that many patients with IBD have systemic
inflammation from LPS [14,15]. Indeed, patients with IBD tend toward
chronic and major comorbidities [9,16,17], which can significantly
impact quality of life and increase healthcare costs [16,17]. Although
neurological autoimmune disorders in IBD are rare [18], incidences are
on the rise [19], while co-occurrence of psychological disorders with
IBD are more common [20,21].
We conclude that patients with IBD should be screened for LPS
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