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Abstract—Clinical and laboratory examination was performed for 50 patients with ankylosing spondylitis
(AS) (mean age 38.1 * 1.3 years) with degree 11 of general activity of the pathological process and disease his-
tory of 1—8 years (mean BASDALI score 3.6 £ 0.2). Close relationships between the level of oxidative stress,
the severity of low-intensity inflammation, and the activity of the humoral component of anti-endotoxin
immunity were observed in the active phase of AS, implicating endotoxin aggression of intestinal origin in
disease pathogenesis. Based on cluster analysis, a deficiency of class M anti-endotoxin antibodies was asso-
ciated with a higher level of oxidative stress and low-intensity inflammation in the AS patients. Medical pro-
cedures and drugs that can normalize systemic endotoxemia were therefore considered advisable to include
in AS treatment. The anti-endotoxin component of the treatment is expected to increase the treatment effi-
cacy and to reduce the need for cytostatics and, therefore, their iatrogenic side effects.
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INTRODUCTION

Ankylosing spondylitis (AS), or Bechterew’s dis-
ease, is a main nosological form of seronegative spon-
dyloarthropathies, the incidence of which ranges from
0.15 to 1.4% in European countries and is tightly asso-
ciated with the HLA-B27 genetic marker in the Euro-
pean population. AS is usually diagnosed before age 45
and is 2—3 times more frequent in men than in
women. Stable and early disability characteristic of AS
and a continuously increasing AS incidence render the
disease highly important both socially and economi-
cally [1]. Recent studies have shown that immune dis-
orders play a substantial role in AS origin and develop-
ment, determine the inflammatory component of the
AS pathogenesis, and are mainly due to a shift towards
proinflammatory cytokines in the cytokine profile [2].
Excess production of these mediators is commonly
thought to determine inflammatory processes in the
gastrointestinal (GI) tract, and GI inflammation is an
important extra-articular manifestation of AS [3].
Nonsteroidal anti-inflammatory drugs and cytostatic
agents are used as first-line therapy for AS. The drugs
to treat AS are administered for extended (nearly life-

long) periods of time and at maximal therapeutic
doses, which is an additional risk factor of GI compli-
cations [4]. Thus, AS patients are substantially predis-
posed to impaired integrity of the intestinal barrier;
excess release of the intestinal endotoxin (ET) into cir-
culation; and ET aggression, which can induce auto-
immune processes [5] and act as a primary factor of
AS pathogenesis. The inflammatory response deter-
mines, to a great extent, the integral effect of ET on
the body, and its intensity and pathogenetic signifi-
cance greatly depend on the state of anti- ET immunity
[6]. The latter idea is supported by data from our study
of acantholytic vesicular dermatitis patients; i.e., a
deficit of class M anti-ET antibodies is tightly associ-
ated with activation of chronic low-intensity inflam-
mation [7]. The finding indicates that a lower adaptive
immune response to enterobacterial ET is possible to
consider as a key factor that facilitates the proinflam-
matory effect of ET aggression. Consequently, the
objective of this work was to study the relationship
between the activity of the low-intensity inflammatory
process, the level of oxidative stress, and the state of
anti-ET immunity in AS patients.
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Table 1. Levels of serum ET-ABs of various classes in the AS patients (Me [Q1; Q3])

Group

ET-ABs, conv. units

class A ET-ABs

class M ET-ABs

class G ET-ABs

AS patients, n = 50
Healthy subjects, n = 25

0.321 [0.191; 0.444]
0.248 [0.200; 0.330]

0.136 [0.088; 0.198]**
0.207 [0.173; 0.276]

0.474 [0.318; 0.748]
0.499 [0.356; 0.599]

Here and in Tables 2—4, differences from the control group were significant at (*) p < 0.05 or (**) p < 0.001.

Table 2. Concentrations of total immunoglobulins of various classes in the AS patients (Me [Q1; Q3])

Group

Total immunoglobulin, g/L

IgA

IgM IgG

AS patients, n = 50
Healthy subjects, n = 25

2.13[1.23; 3.07]
1.97 [1.29; 2.78]

2.61[1.59; 3.87] 11.43 [7.57; 16.04]
1.78 [1.36; 2.47]** 10.71 [7.34; 13.86]

METHODS

A study sample included 50 AS patients (40 males
and 10 females, mean age 38.1 * 1.3 years) with
degree 11 of general activity of the pathological process
(mean BASDAI score 3.6 + 0.2) and disease history of
1—8 years. The patients were examined during a hos-
pitalization to the Rheumatology Department of
Semashko Republican Clinical Hospital (Simferopol).
The AS diagnosis was established according to Amer-
ican College of Rheumatology guidelines (2015). All
patients had clinical and X-ray signs of sacroiliac dis-
ease and chronic inflammatory GI complications
(gastritis and ulcerative colitis). Patients with comor-
bidities involving the cardiovascular, endocrine, cen-
tral nervous, and peripheral nervous systems were not
included in the study. All AS patients received stan-
dard drug therapy, including disease-modifying drugs
and symptomatic treatments. A control group
included healthy volunteers (n = 25), who matched
the AS patients in age and sex, had no history of
chronic disorders and no sign of acute infection at the
time of examination.

Venous blood serum and saliva samples were col-
lected by standard procedures and stored at —25°C for
no more than 6 months. Class A, M, and G anti-ET
antibodies (ET-ABs) in the blood serum and secretory
class A ET-ABs in saliva were measured by ELISA [8].
Commercial Escherichia coli K235 ET (Sigma, United
States) was used as an antigen.

Total blood immunoglobulins of classes A, M, and
G (IgA, IgM, and 1gG); total salivary secretory IgA;
and serum C-reactive protein were assayed by ELISA
with commercial kits (Vektor-BEST, Russia). Oxida-
tive modification of serum proteins (OMP) was
assessed spectrophotometrically, using the reaction of
2,4-diphenyl hydrazine (Sigma, United States) with
carbonyl groups of oxidized proteins [9]. The reaction
product 2,4-dinitrophenyl hydrazone was measured

using a UV/VIS NanoPhotometer P360 spectropho-
tometer (Implen, Germany).

Statistical analyses of the results were performed
using the software package STATISTICA 6.0 (Stat-
Soft, United States). All numerical data were pre-
sented as the median (Me) and the first and third
quartiles (Q1 and Q3). Differences between indepen-
dent samples were tested for significance by the non-
parametric Mann—Whitney U-test and considered
significant at p < 0.05. Associations between parame-
ters were assessed using Spearman’s rank correlation
coefficient. Cluster analyses were carried out by the
McKinsey iterative k-means method.

RESULTS AND DISCUSSION

Laboratory testing showed (Table 1) that the serum
content of class M ET-ABs in the AS patients was gen-
erally significantly lower than in the controls (by
34.3% on average, p < 0.001), while the levels of class
A and class G ET-ABs in the patients did not signifi-
cantly differ from the respective reference values.
Given that glucocorticoids are used to treat AS and
can induce systemic immunosuppression [10], total
blood concentrations of IgA, IgM, and IgG were mea-
sured in the patients to obtain an integral characteristic
of B-cell immunity (Table 2). The total IgM concen-
tration in the AS patients was significantly higher than
in the controls (by 46.6%, p < 0.001), while total IgA
and total IgG did not significantly differ from the
respective reference values. Statistical analyses with
Spearman’s rank correlation coefficient » showed that
the serum levels of ET-ABs of various classes did not
significantly correlate with the serum contents of total
immunoglobulins of the respective classes in the AS
patients. Thus, imbalanced levels of serum ET-ABs of
different classes did not reflect systemic changes in
humoral immunity in the AS patients.

The salivary total secretory IgA concentration in
the AS patients was, on average, 21.5% lower than in
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Table 3. Mucosal immunity parameters in the AS patients (Me [Q1; Q3])

Group

Class A secretory ET-ABs, conv. units

Total secretory IgA, mg/L

AS patients, n = 50
Healthy subjects, n = 25

0.215 [0.155; 0.336]*
0.168 [0.131; 0.197]

105.5 [58.3; 158.2]*
134.4 [112.0; 156.4]

Table 4. C-reactive protein and OMP concentrations in the blood serum in the AS patients (Me [Q1; Q3])

Group

C-reactive protein, mg/L

OMP, nmol/mL

AS patients, n = 50
Healthy subjects, n = 25

2.63[1.88; 3.91]**
0.86 [0.54; 1.02]

179.4 [136.9; 240.9]**
76.6 [64.7; 100.8]

the control subjects (p < 0.05), while the salivary level
of secretory class A ET-ABs in the patients were higher
than normal by 28.0% on average (p < 0.05) (Table 3).
The salivary concentration of total secretory IgA did
not correlate with the level of secretory class A ET-ABs
in the AS patients. Secretory IgA is an important
effector molecule of mucosal immunity and plays a
key role in protecting mucous membranes from being
invaded and colonized by pathogenic bacteria,
viruses, and protozoans. An imbalance of the factors
involved in anti-ET immunity is therefore possible to
consider as a consequence of the impaired barrier
function of the intestine in the AS patients. A greater
amount of ET finds its way into the body interior to
cause the anti-ET adaptive immune response, which
is a compensatory reaction to the increasing antigenic
load.

Our study showed that chronic low-intensity
inflammation and free-radical oxidation of proteins
were significantly intensified in the AS patients
(Table 4). The C-reactive protein and OMP serum
concentrations of the AS patients were, respectively,
3.1 and 2.3 times higher than the reference values on
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average (p < 0.001). It should be noted that the finding
agrees well with published data that the OMP concen-
tration in the blood is elevated in AS patients and is
directly associated with BASDALI score [11].

A cluster analysis showed two clusters (convention-
ally designated AS-1 and AS-2) in our sample of AS
patients. Associations of imbalanced anti-ET immu-
nity, chronic low-intensity inflammation, and free-
radical oxidation of proteins were observed within
each cluster (Fig. 1, Table 5).

Cluster AS-1 included 23 AS patients (46.0% of the
total patient sample). The class M ET-AB levels in
these patients were 2.4 times lower than in the control
healthy subjects on average, while the C-reactive pro-
tein and OMP concentrations in the blood were,
respectively, 4.7 and 2.9 times higher than the refer-
ence values (p < 0.001). At the same time, a higher
level of class A secretory ET-ABs and a lower concen-
tration of total secretory IgA in the saliva were
observed in the AS patients of the cluster as compared
with the control group (the differences were 43.5%
and 40.3%, respectively, on average; p < 0.01).

*H

IgA IgM

IeG CRP OMP

ET-ABs of various classes

Fig. 1. Associations between the serum levels of ET-ABs of various classes, C-reactive protein (CRP), and OMP in the AS patients
of different clusters (McKinsey iterative k-means method): a, cluster AS-1; b, cluster AS-2; (*) difference from the reference
value was significant; (#) difference between the clusters was significant.
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Table 5. Levels of ET-ABs of various classes, C-reactive protein, and OMP in the blood serum in AS patients of different

clusters (Me [Q1; Q3])

Cluster of AS patients

Healthy subjects

Parameter AS-1

(n=23;46.0%)

AS-2
(n=127;54.0%)

(n=25)

. 10.337[0.269; 0.513]
Class A ET-ABs, conv. units

0.272 [0.168; 0.420] 0.248 [0.200; 0.330]

p <0.05
0.085 [0.076; 0.104]

Class M ET-ABs, conv. units [P < 0.001 0.193 [0.173; 0.228] 0.207 [0.173; 0.276]
P> <0.001

~|0.635 [0.441; 0.808]

Class G ET-ABs, conv. units p, < 0.05 0.351 [0.260; 0.566] 0.499 [0.356; 0.599]
4.04 [3.48; 6.05] 1.89 [1.64; 2.19]

C-reactive protein, mg/L p <0.001 ip <0.001 0.86 [0.54; 1.02]
P> <0.001
223.8 [151.2; 286.8] 174.6 [126.1; 215.7]

OMP, nmol/mL p < 0.001 p < 0.001 76.6 [64.7; 100.8]
P> < 0.05

Significance is characterized for differences from the healthy control group (p) or the AS patients of cluster AS-2 (p,).

Cluster AS-2 included 27 AS patients (54.0% of the
total sample). Their serum levels of antibodies of vari-
ous classes, secretory class A ET-ABs, and total secre-
tory IgA in the saliva did not significantly differ from
the reference values, while the C-reactive protein and
OMP concentrations in the blood were, respectively,
2.2 and 2.3 times higher than in the healthy controls
on average. An analysis of differences between clusters
AS-1 and AS-2 showed that the AS-1 patients had sig-
nificantly lower levels of class M ET-ABs (by 56.0% on
average), virtually normal levels of class A ET-ABs,
and significantly higher levels of class G ET-ABs (by
80.9% on average). The C-reactive protein and OMP
concentrations of the AS-1 patients were, respectively,
2.1 times and 28.3% higher than in the AS-2 patients
on average.

CONCLUSIONS

Our study showed that, in the AS patients, an
imbalance of various components of anti-ET immu-
nity is tightly associated with activation of chronic
low-intensity inflammation and more intense free-
radical oxidation, which is accompanied by generation
of reactive oxygen species (ROS). ROS are highly
reactive and damage various biomolecules. The ROS
production rate and activities of antioxidant systems of
the body are in dynamic equilibrium in physiological
conditions. Distortion of the equilibrium leads to oxi-
dative stress [12], which provides a pathogenetic basis
for the development and progression of many diseases
[13], including AS [14]. The diseases are accompanied
by OMP accumulation in the blood. Activation of
innate immunity effector cells (tissue macrophages

and granulocytes) may be a leading cause of higher
ROS production, and ET acts as an inducer of this
activation [15].

Thus, a tight association between the level of oxida-
tive stress, chronic low-intensity inflammation, and a
distorted adaptive immune response to enterobacterial
ET is characteristic of AS patients according to the
results of our study. The association suggests an
important, if not triggering, role in the disease patho-
genesis for the intestinal factor. Drugs that normalize
systemic endotoxemia are known to improve the effi-
cacy of therapy in many diseases [5, 16, 17] and can be
recommended for use in AS. This may be expected to
substantially reduce the need in cytostatic agents, to
decrease their iatrogenic effects, and to substantially
improve the treatment efficacy and life quality of AS
patients.
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