ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2019 - Number 5 (490)

Status of humoral immune factors
in peripheral blood of fronto-orbital trauma patients
late after surgery with the use of biocomposite

0.D. Bondarchuk'?, V.V. Kishchuk', O.F. Melnykov3, M.D. Tymchenko?, N.D. Didyk?

' Pirogov National Medical
University of Vinnytsia;
Vinnytsia (Ukraine)

2 Pirogov Regional Clinical Hospital
of Vinnytsia;
Vinnytsia (Ukraine)

2 Prof. Kolomiichenko Institute
of Otolaryngology, NAMS of
Ukraine;

Kyiv (Ukraine)

E-mail: eskulap20009@gmail.com

Keywords:

trauma, immunoglobulins, cytokines,
growth factor, immune complexes, humoral
autoimmune responses

Introduction

Purpose: To identify the influence of biocomposite on immune system status in front
bone trauma (FBT) patients at 9 months or later after surgery involving the use of
the composite material.

Material and Methods: Tiventy FBT patients underwent an examination 9 months or
later after surgery. They were divided into two groups, group A with a problematic
clinical course and group B with an uneventful clinical course during follow-up. The
control group was composed of 10 age-matched and practically healthy individuals.
Serum levels of immunoglobulin (Ig)M, IgG, IgA and IgE, interleukins (IL)-1 and IL-
10, transforming growth factor (TGF)-f3, circulating immune complexes (CIC), and
gamma interferon (IFN-y), and agglutination antibodies to antigens of allogeneic
connective tissue were measured. Non-parametric Wilcoxon U test and Student t-test
were used for statistical analysis.

Results: Activation of pro- and anti-inflammatory interleukins and no changes in
the levels of immunoglobulins and CIC were found in group A, but not group B or
the controls. In addition, patients from group A exhibited decreased serum levels of
TGF-p and IFN-y, which may be considered as pathogenetically significant factors
involved in regeneration processes. No humoral autoimmune response to connective
tissue antigens was found.

Conclusion: Two disease course variants were found in the late phase after FBT.
Increased serum levels of pro- and anti-inflammatory interleukins and decreased
serum levels of TGF-f and, especially, IFN-y, were observed in patients with
problematic regeneration. No humoral autoimmune response to connective tissue
antigens was found in either group of patients with FBT. Stress mechanisms might be
involved in decreased immunity levels in these patients.

A substantial immune system response to skull trauma
is observed both early and late after skull trauma, with
changes in immune reaction levels in the early post-injury
phase, and possible development of autoimmune reactions
in the late post-injury phase [1-4]. Hydroxyapatite-based
biocomposites (such as SYNTEKIST) have been used in
surgical treatments for front bone trauma (FBT) in recent
years, and are capable of facilitating ostheogenesis and
preventing liquorrhea and other post-traumatic sequelae
[2, 5, 6]. It is reasonable and necessary to assess the
possibility for the development of autoimmune processes
to connective tissue antigens, chemical components
of SYNTEKIST material, lymphoid tissue antigens,
and humoral immunity status [7-10]. Materials of a
SYNTEKIST biocomposite group have the following
feature: they are bioactive multiphase inorganic composite
materials which contain a superposition of virtually all

phase and chemical components available in domestic and
foreign materials of similar purpose which, in contrast,
contain only one or two components. In addition, they
contain some new phase and chemical components and
their combinations [11-13]. This makes it possible to plan
rather accurately the interaction of these materials with
body tissues and to predict, for instance, the formation of
pores in the material after implantation or a type of implant
biodegradation, to adjust the strength, osteoconductive
properties, and the rate of absorption of the material or
its individual components, and to improve mechanic
properties of implants and regulate the change in these
properties with time [5, 6].
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The purpose of the study was to measure humoral
immune factors in the peripheral blood of patients with
fronto-orbital trauma, particularly, frontal bone trauma, at
late time points (9 months or later) after surgery with the
use of SYNTEKIST biocomposite.

Materials and Methods

Twenty patients (14 men and 6 women; age, 14 to
65 years) with frontal bone trauma (FBT) underwent an
examination 9 months or later after surgery involving
the use of SYNTEKIST biocomposite. They were
divided into two groups, group A (10 patients) with a
problematic clinical course (untimely healing of wound,
with a soft tissue response in the form of sponginess
and mild hyperemia, and, in some cases, discharge of
clear yellowish fluid from wound) during follow-up, and
group B (10 patients) with an uneventful clinical course
(wound healing within 1-2 weeks, with no adjacent tissue
response) during follow-up. The control group (group C)
was composed of 10 age-matched and practically healthy
individuals.

Blood samples were taken from the median cubital
vein; serum was separated and preserved at -200 C until
assays were run. Serum IgM, IgG, IgA and IgE levels were
measured using enzyme-linked immunosorbent assays
(ELISA) from Xema-Medica Ltd (Russia) and Lab line
reader (Austria). Serum circulating immune complexes
(CIC) were determined using 3.75% Polyethylene Glycol —
6000 (PEG) serum precipitation, with the light absorbance
measured spectrophotometrically on the reader at 450
nm [9]. In addition, serum levels of interleukin (IL)-1p
(proinflammatory cytokine), IL-10 (anti-inflammatory
cytokine), gamma interferon [TH1(IFN-y)], IL-4 (TH2),
and transforming growth factor (TGF)-1p were measured
with ELISA kits from Tsitokin Ltd (St Petersburg, Russia)
and Vektor-Best (Novosibirsk, Russia). The indirect
hemagglutination test as described by Boyden [10] was
used to determine the presence of antibodies to protein-
polysaccharide complex of human connective tissue
antigen [14].

Biostatistika-6 software was used to perform statistical
analysis with the non-parametric Wilcoxon U test and
Student t-test as per Gubler [7].

Results

Table 1 presents peripheral serum levels of IgM, IgG,
IgA and IgE in (1) patients with FBT 9 months or later after
surgery involving the use of SYNTEKIST biocomposite
and (2) practically healthy individuals from the control
group. Values for the peripheral serum levels of IgM,
IgG, and IgA showed no significant differences (p > 0.05)
between both patient groups and the controls. However,
the peripheral serum level of IgE in patients from group
A (126 TU/mL) was significantly higher (p < 0.05) than in
patients from group B (126 IU/mL) and healthy donors.

Table 2 presents peripheral serum levels of cytokines
IL-1B, IL-10, IFN-y, IL-4 (TH2) in patients and the
controls. At the late follow-up point after surgery for FBT,

the peripheral serum levels of pro-inflammatory cytokine
IL-1B and anti-inflammatory cytokine IL-10 in patients
from group A were higher than in patients from group B
and donors (Table 2). In patients from group A and those
from group B, the serum levels of a key immunity factor,
IFN-y, were 2-fold and 8.5-fold, respectively, higher,
compared to the controls, whereas those of IL-4, an IFN-y
antagonist, were practically the same as in the controls.
Fig. 1 presents the peripheral serum levels of TGF-1
in patients with FBT late after surgery involving the use
of SYNTEKIST biocomposite versus practically healthy
individuals from the control group. It can be seen from the
figure that, late after surgery with the use of biocomposite
for FBT, the peripheral serum level of TGF-1f in patients
from group A (1.7 pg/mL) was approximately 2-fold lower
than in patients from group B (3.3 pg/mL) and donors (3.7

pg/mL).
Values for the peripheral serum levels of circulating
immune complexes (CIC) showed no significant

differences (p > 0.05) between both patient groups and
the controls (Fig. 2). Peripheral serum CIC levels in the
controls, patients from group A and patients from group
B were 45 optical density units (ODU), 55 ODU, and 70
ODU, respectively (p=0.1).

Our study of antibodies to protein-polysaccharide
complex of allogeneic connective tissue (Cole antigen)
demonstrated no significant difference in antibody levels
between patients from group A (with a problematic clinical
course), patients from group B and the controls (Table 3).

The above results may point to the absence of
autoimmune reaction to connective tissue antigens in
patients after surgery involving the use of the biocomposite.

Discussion

Therefore, we (1) studied FTB patients who exhibited
either uneventful or eventful clinical recovery after surgery
involving the use of the biocomposite, and (2) found
abnormalities in immunity characteristics (like activation
of pro- and anti-inflammatory interleukins) in patients
exhibiting an eventful recovery; such abnormalities are
considered as a manifestation of a prolonged recovery
process [3, 11, 13]. Since a significantly decreased blood
level of a key immunity factor, IFN-y, has a pathogenetic
role [8, 9], the use of interferon inducers as an adjunct to
therapy in FBT patients with an eventful recovery might be
reasonable. A weakened normalization process in patients
with an eventful recovery can be explained also by low
levels of growth factors, particularly, TGF-1p, that plays a
role in regenerative processes in most tissues of the body.
One may think that the absence of autoimmune reaction to
connective tissue antigens in all FBT patients after surgery
involving the use of the biocomposite reflects the stressful
nature of hypoimmune abnormalities.

Conclusion

First, late after surgery involving the use of the
biocomposite, FBT patients with an eventful postoperative
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course exhibited alterations manifesting as activation of
both types of helper cells (increased IL-1 and IL-10 levels).

Second, decreased IFN-y and TGF-1f levels in FBT
patients with an eventful postoperative course have a
pathogenetic role. In addition, measurement of serum IL-1,
IL-10, IFN-y and TGF-1p levels may be recommended as
objective measures for monitoring rehabilitation process
in patients with FBT.
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Table 1. Peripheral serum levels of IgM, 1gG, IgA and IgE (IU/ml) in front bone trauma (FBT) patients late after surgery with
the use of biocomposite and in practically healthy individuals from the control group

Group
Characteristic
A B C
IgM 0.9 1.2 1.3
IgG 9 10 11
IgA 1.2 1.7 1.5
IgE 126 80 55

Note: A, the group with a problematic clinical course during follow-up; B, the group with an uneventful clinical course during
follow-up; C, the control group composed of practically healthy individuals

Table 2. Mean (M+SD) peripheral serum levels of cytokines in front bone trauma (FBT) patients late after surgery with the use
of biocomposite versus practically healthy individuals from the control group

KoHueHTpauis untokiHiB, nr/mn
Group
IL-1B IL-10 IFN-y IL-4

C 12.8+£3.2 1.6£0.3 15.413.5 2.2+0.3
A 48.516.5* 4.8+1.0* 1.8 £0.5** 2.0+0.3
B 255445 2.210.4 8.7+1.5 2.1+0.4

*puC-A < 0.05; *puC-A < 0.05; **puC-A < 0.01; >0.05
P *puC-B > 0.05 *puC-B>0.05 *pC-B < 0.05 )

Note: A, the group with a problematic clinical course during follow-up; B, the group with an uneventful clinical course during
follow-up; C, the control group composed of practically healthy individuals; pC-A, significance of difference between group A
and group C; pC-B, significance of difference between group B and group C; pA-B, significance of difference between group
Aand group B

Table 3. Mean peripheral serum titers of antibodies against Cole antigen in groups

Serum titers of antibodies against Cole antigen

Group p
Mean titer Minimum and maximum
C 1:12 0-1:20
A 1:18 1:4-1:32 pC-A>0.05
B 1:21 1:4 -1:32 pC-B > 0.05

Note: A, the group with a problematic clinical course during follow-up; B, the group with an uneventful clinical course during
follow-up; C, the control group composed of practically healthy individuals; p, significance of difference
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Fig. 1. Peripheral serum levels of transforming growth factor (TGF)-1p in front bone trauma
(FBT) patients late after surgery with the use of biocomposite versus practically healthy
individuals from the control group.

Note: A, the group with a problematic clinical course during follow-up; B, the group with an
uneventful clinical course during follow-up; C, the control group composed of practically healthy
individuals
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Fig. 2. Peripheral serum levels (optical density units) of circulating immune complexes (CIC)
in front bone trauma (FBT) patients late after surgery with the use of biocomposite versus
practically healthy individuals from the control group.

Note: A, the group with a problematic clinical course during follow-up; B, the group with an
uneventful clinical course during follow-up; C, the control group composed of practically
healthy individuals
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