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ABSTRACT

Introduction: Acquired myopia is one of the most fast-spread-
ing visual impairment in the modern information society that
affects primarily young population. Under adverse conditions
myopia is prone to rapid progression and its high values signif-
icantly increases the risk of serious complications (visual acuity
reduction, maculopathy, blindness). Despite the long study, the
exact mechanisms of myopia development are still insuffi-
ciently studied, particularly its immunopathological aspect.
Objectives: The aim of the research was to analyze the charac-
teristics of cellular and humoral immunity in conditions of non-
pathological myopia acquired form mild and high degree. We
studied the indicators of immunity system (the absolute number
and relative content of leukocytes, lymphocytes, T-lympho-
cytes, T-helper/inducers, T-suppressors/cytotoxic, B-lympho-
cytes, IPI index, the concentration of IgM, IgG, IgA) in people
aged 18 — 35 years with myopic refraction (n = 60, the experi-
mental group) and people with normal vision (n = 60, the con-
trol group).

Methods: An immunological study was conducted with all vol-
unteers after signing the Written Informative Consent. The ex-
amination included a Complete Blood Count and immunologi-
cal study (flow cytometric immunoassay, ELISA) which were
provided with standard diagnostic procedures carried out in ac-
cordance with the appropriate methodology and manufacturer's
instructions.

Results: According to our results, the decrease in the level of
leukocytes, lymphocytes, T-lymphocytes and T-helpers/induc-
tors, and an increase in the level of T-suppressors/cytotoxic,
B-lymphocytes, serum IgA and IgM (especially) were found in
all myopes compared with control group. Consequently, we re-
vealed the dysfunctions in immune homeostasis on the myopia
background: the reducing immunoregulatory index, the de-
pressing T-cellular and significant activation of humoral im-
munity. This negative tendency force with increasing myopia
level, which reflects the involvement of immune system in
mechanisms of its formation.

Key words: Myopia. Immunity. T-lymphocytes. B-lympho-
cytes. Immunoglobulins.

ABSTRAKT

Uvod: Ziskana kratkozrakost (myopia) je najrychlejie sa
Siriacou formou zrakového postihnutia v modernej spolo¢nosti,
ktora postihuje predovsetkym mladych I'udi. Za nepriaznivych
podmienok je kratkozrakost’ nachylnd k rychlej progresii a jej
vysoké hodnoty vyrazne zvySuju riziko zavaznych oftalmolog-
ickych komplikdcii (napr. znizend zrakova ostrost, makulopa-
tia, slepota). Napriek dlhodobému $tudiu tohto problému nie st
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stale pochopené presné mechanizmy vyvoja myopie, najméa
imunopatologicky aspekt jej patogenézy.

Ciele: Ciel'om §tidie bolo analyzovat vlastnosti bunkovej a hu-
moralnej imunity u l'udi s nepatologicky ziskanou kratkoz-
rakostou mierncho a vysokého stuptia. Studovali sme para-
metre imunitného systému (absolutny pocet a relativny obsah
leukocytov, lymfocytov, T-lymfocytov, T-pomocnikov / in-
duktorov, cytotoxickych T-supresorov, B-lymfocytov, koncen-
tracie sérovych IgM, IgG, IgA) u I'udi vo veku 18 — 35 rokov
s myopickou refrakciou (n = 60, experimentalna skupina) a l'u-
dia s normalnym zrakom (n = 60, kontrolné skupina).

Metody: Po podpisani informacného suhlasu s ucastou sa so
vsetkymi uc¢astnikmi uskuto¢nila imunologicka studia. Vysetre-
nie zahriialo kompletny krvny obraz a imunologické Studie
(enzymovo viazany imunosorbentny test prietokovou cytome-
triou, ELISA). Pouzili sme §tandardné diagnostické postupy,
vykonavané v sulade s metodikou a pokynmi vyrobcu.
Vysledky: Podl'a nasich vysledkov vSetky myopy vykazovali
pokles hladiny leukocytov, lymfocytov, T-lymfocytov a T-po-
mocnych latok / induktorov, ako aj zvySenie hladiny T-supre-
sorov / cytotoxickych, B-lymfocytov, sérovych IgA a najmi
IgM (v porovnani s kontrolna skupina). Odhalili sme narusenie
imunitnej homeostazy na pozadi ziskanej kratkozrakosti: ne-
dostatok spojenia T-buniek so systémovou imunitou, zniZenie
imunoregulaéného indexu a vyznamna aktivacia humoralnej
imunity. Zaroveni sme zaznamenali, Ze so zvySovanim hodndt
kratkozrakosti sa zvySuju negativne tendencie imunologickych
zmien, ¢o odraza vplyv imunitného systému na mechanizmy
tvorby kratkozrakosti.

KPucové slova: Kratkozrakost. Imunita. T-lymfocyty. B-lym-
focyty. Imunoglobuliny.

INTRODUCTION

Generally known, the prevalence of myopia,
which is one of the important causes of reduced vi-
sion, has been increasing worldwide [1] especially
among young people [2]. It’s believed that most
people have an induced form of myopia that appears
throughout life, usually in school, and stabilizes
during the third decade without pathological chan-
ges in the retina. High myopia increases the risk of
maculopathy, glaucoma and other myopia-asso-
ciated complications, which can lead to the loss of
central visual function or even blindness [3-5]. It be-
comes a serious problem, not only because of rising
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morbidity, but also because of the decreasing age of
myopia onset [6]. It was shown that children with
first myopic diagnosis at the age of 6-8 years (“early
myopia”) are at a greater risk of high myopia later
in childhood [7].

Myopia is considered a complex of pathological
conditions, generated by multiple etiologic factors
but the leading mechanism of pathogenesis is still
not defined. The myopia development can be influ-
enced by lifestyle, environmental factors, academic
load [6, 8-10], biomechanical weakening of the
sclera, oxidative stress, excessive accommodation
load [11, 4, 12]. The acquired form of myopia is
considered as a functional adaptation of the visual
sensory system, which develops as a result of pro-
longed work at close distances, and the eye acts as
a part of the nervous system brought to the peri-
phery [13, 14].

According to the Theory of immune-regulation
of body functions [15], there is a functional unity of
the nervous and immune systems and the condition
of immune system may significantly impact general
health. In this aspect, question of the state of im-
mune system in people with myopia is very rele-
vant. An analysis of literary sources shows that the
immune status of myopes has been studied insuffi-
cient. It was found that the immunological factor
plays an important role in enhancing refraction [16].
It was also revealed that under conditions of myopia
a secondary immunodeficiency was formed, the
signs of which is the relative suppression of T-cell
immunity, a decrease in the functions of anti-infec-
tion protection, an imbalance of blood immunoglo-
bulins [17-21]. However, these studies have a one-
sided character and are devoted either to the myopia
study at certain age period (mainly school), or to its
certain level, or to its specific clinical form (conge-
nital, progressive). Data of immune system’s state
on the background of acquired myopia of different
levels are not fully presented in the literature. Thus,
our research purpose was to determine the charac-
teristics of cellular and humoral immunity in people
aged 18-35 years with acquired myopia depending
on its degree (mild and high).

MATERIALS AND METHODS

The research was performed according to the
World Medical Association’s Declaration of Hel-
sinki and Council of Europe Protocol of the Con-
vention on Human Rights and Biomedicine, ap-
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proved by the Ethics Committee of Sumy State Ped-
agogical University named after A.S. Makarenko.
Written informed consent was obtained from all the
participants. This work was carried out within the
framework of the scientific research topic of the De-
partment of Human and Animal Biology, Sumy
State Pedagogical University named after A.S.
Makarenko.

Study groups

We analyzed data of 120 volunteers 18 — 35
years old, which were divided on the control group
(healthy people without chronic and acute diseases
with normal vision, n = 60) and the experimental
group (people with an acquired myopia mild and
high degree, n = 60). The diagnosis of “acquired
form of myopia” and its degree were based on the
doctor’s conclusion after conducting standard eye
examinations (measurement of visual acuity, refrac-
tometry, ophthalmoscopy, tonometry, skioscopy).
Qualified staff at medical center “MedSoyuz”
(Sumy, Ukraine) took the blood samples for immu-
logical study.

Assessment of cellular and humoral immunity

Blood sampling was performed in the morning
before eating in compliance with the medical norms.
Complete Blood Count (CBC) was measured in
blood collected in EDTA samples (20 pl) using
BC-5500 Hematology Analyzer (Mindray (UK)
Ltd., China). Immunophenotyping of leukocytes
was performed by flow cytometric immunoassay
using whole blood and the sets of monoclonal anti-
bodies AQUIOS Tetra Tests on a flow cytometer
AQUIOS CL (both from Beckman Coulter, USA)
according to the user's manual. The AQUIOS mon-
oclonal antibody reagents (Tetra-1 Panel and Tetra-
2+ Panel) are each a combination of murine mono-
clonal antibodies respectively, conjugated to the
specified fluorochrome. Specific staining of leuko-
cytes was accomplished by incubating whole blood
with the monoclonal antibody reagent. The cyanide-
free lytic reagent lysed red blood cells in preparation
for white blood cell measurement in the flow cell.
The total number and relative content of cell popu-
lations CD3" (T-lymphocytes), CD4" (T-helper/in-
ducers), CD8* (T-suppressors/cytotoxic), CD22*
(B-lymphocytes) and CD4":CD8" ratio (IPI index)
were obtained using a panel of monoclonal antibod-
ies with appropriate reagents.
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The serum concentration of IgG, IgA, IgM were
measured by enzyme-linked immunosorbent assay
(ELISA) using a polystyrene 96-well plates
MICROLON® (Greiner Bio-One, Germany) and the
reagent kit “Immunoskrin-G,M,A-ELISA-Best”
(Vector-Best, Russia). Monoclonal antibodies to
human Ig labeled with horseradish peroxidase
(Diaprof-Med, Ukraine) were used for ELISA. To
visualize the reaction results in ELISA plates we
used soluble chromogen 3, 3', 5, 5' - tetramethylben-
zidine (Diaproph-Med, Ukraine) in 0.1 M citrate-
phosphate buffer pH 4.5. ELISA results were rec-
orded spectrophotometrically on a PR2100 reader
(Sanofi Diagnostics Pasteur, Inc., France) at 450
nm. ELISA was performed according to the meth-
odology [22] and manufacturer's instructions.

Statistical procedures

The data are expressed as arithmetic mean and
standard error of the mean (M+m). Results were
analyzed by using Mann-Whitney U-test (Microsoft
Office Excel 2010, Statistica 8.0); differences with
p<0.05 were considered significant. Correlation
analysis was performed using the Pearson correla-
tion coefficient.

RESULTS

The results of immunological study (Tab. 1)
showed that in people with myopia mild and high
degree most indicators of cellular and humoral im-
munity were significantly different from the control
data.

Study results of CBC-test showed that in all my-
opic groups amount of leukocytes, lymphocytes
(due to the reduction of segmented neutrophils)
were lower than in healthy people with normal vi-
sion.

Analysis of CD3"-lymphocytes content showed
significant decrease of absolute and relative values
of these cells in comparison to healthy people. We
also observed a significant decrease of subpopula-
tion of T-helpers/inductors (CD4") in all myopes. At
the same time, the number of T-suppressors/cyto-
toxic (CD8") was increased compared to control
data. Comparison of the immunoregulatory index
showed reduced IPI of people with myopia com-
pared to IPI of healthy people (2 times for mild my-
opia, 1.5 times for high myopia; p<0.05). In addi-
tion, leuko-T-cell index of persons with myopia was
increased in comparison with control group.

The absolute and relative number of lympho-
cytes with membrane marker CD22" in all myopic

Table 1 The indices of cellular and humoral immunity in healthy people and people with acquired myopia.

Healthy people People with myopia (experimental group)
Indicator (control group) (n=60), M+m
(n=60), M+m mild degree (n=30) | high degree (n=30)

Leukocytes *10%/L 6.80+0.12 6.03+0.16 5.89 4+ 0.20
Lvmphocvtes *10%/L 2.20+0.06 1.83 £0.15* 1.78 £ 0.14*
ymphoey % 32.87 £ 0.07 3029+0.12 32.67+0.14
. *10%/L 1.81 +£0.04 1.20+£0.13* 1.29+0.10*
T-lymphocytes (CD37) % 82.27+0.36 66.70 £ 0.37* 70.67 £ 0.32%
. . *10%/L 0.86 £ 0.04 0.67+0.11* 0.61 + 0.06*
T-helpers/inductor (CD4') % 4751£0.14 38.00 + 0.30% 36.33 £ 0.27%

. *10%/L 0.32+0.02 0.41 £0.06 0.33 £0.06

+

T-suppressors/ cytotoxic{CDR) g, 17.68 £ 0.07 25.00 + 0.42* 2122 = 0.40*
IPI (CD4'/CD8") cu 2.69+0.11 1.46 £ 0.10* 1.75+£0.12*

Leuko-T-cellular index cu 3.76 + 0.06 528 +0.09* 4.85+0.08

*10°/L 0.34 +0.04 0.40 £ 0.06 0.42+0.05

N

B-lymphocytes (CD22) % 17.5 £ 0.38 2214 £0.37* 25.78 £ 0.20%
IgG g/L 15.10+0.34 13.41 £ 0.28 16.32 4+ 0.40
IgM g/L 1.44+0.16 6.41 + 0.30%* 7.78 £ 0.36%*
IgA g/L 1.85+0.23 3.29 +£0.15% 3.83 +£0.21*
Immunoglobulin-producing %

ability of B-lymphocytes g/L 18.39 £ 0.20 23.11+0.24 27.93 +0.32
Leuko-B-cellular index cu 209 +0.16 18.62 +£0.33 14.71 £0.32%*

Legend.: * — statistically significant differences myopic group relative to control data (Mann-Whitney U-test, p<0.05); *10%/L — the
absolute cell number; % — the relative cell count; CU - the standardized unit of measurement.
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groups exceeded control data, which led to activa-
tion of their immunoglobulins secretion. According
to obtained results, the overall immunoglobulin-
producing activity of B-lymphocytes was higher in
myopes as compared to the control group. We ob-
served the increase in concentrations of immuno-
globulins A and M classes in myopes blood
(p<0.05). The decrease of concentration of IgG was
observed under mild myopia, while an increase was
detected under high myopia. Simultaneously with
an increase of B cells content, leuko-B-cell index of
persons with myopia was reduced in comparison
with control data.

DISCUSSION

Immune disorders are primarily indicated by
fluctuations (the decrease or increase) in the content
of leukocytes and lymphocytes. In our research, it
was detected that under myopia the amount of leu-
kocytes and lymphocytes was decreased. This trend
has been described in some other research studies
[16, 20, 21]. We reveal new data that these changes
intensify with increasing myopia values. It is gene-
rally known that leukopenia and lymphopenia are
the markers of acquired immunodeficiency and neu-
tropenia can determine higher infection risk [18,
19]. This may cause the weakened anti-infective im-
munity on the background of acquired myopia: it
has been shown that children with myopia more of-
ten suffer from infectious and viral diseases than
their healthy peers or children with other visual im-
pairment [23, 24].

Our further analysis, which included the assess-
ment of T-cell-mediated immunity, showed that the
CD3* and CD4" values, the IPI index were de-
creased and the amount of CD8" subpopulation was
increased in myopic groups compared with control
data. These results confirm the findings of several
other authors who studied the characteristics of im-
munity in conditions of myopia. In most cases, a de-
crease in the level of T-lymphocytes (in particular
of T-helpers subpopulation) has been proven [16,
20, 21]. Regarding CD8" cells, their values in peo-
ple with myopia varies: There were described cases
of their content increasing [20, 24] and decreasing
[19]. Supposedly, different age of participants or
other cohort features are the explanation of this fact.
In conclusion, our results confirm the formation of
the signs of T-cell immunodeficiency in people with
myopia, caused by suppression of the T-helper pop-
ulation.
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The defect of a particular function of T-lympho-
cytes, as a rule, leads to a dysregulation of humoral
response. Our results revealed statistically signifi-
cant increase in CD22" amount and concentration of
IgA and IgM in all myopes groups. At the same
time, we disclosed that the IgM content in myopic
groups exceeded the upper limit of normal values.
The increased IgM content is a symptom of dysreg-
ulation in the T-helper cells’ functions responsible
for transmitting co-stimulation signals to B-cells for
switching IgM synthesis of another class of immu-
noglobulin synthesis. Since IgG is a T-dependent
immunoglobulin, regulates the production of spe-
cific antibodies by feedback, and is responsible for
the secondary immune response, the decrease in its
level is the indirect evidence of disorder in T-cell
immunity. Other authors obtained similar results
[20, 24], but in our study we found a decrease in the
concentration of IgG in people with mild myopia,
and its increase in the group with a high myopia.
The elevated value of IgA, which was showed in our
study, is probably a reflection not only of immune
dysregulations, but also of a chronic inflammatory
process, that is present in people with myopia [23].
The increasing level and frequency of dysimmuno-
globulinemiya depending on the myopia degree are
shown in our other work [25]. According to some
sources, increasing B-cell content is an adaptive
response of the immune system, which is aimed at
compensating for the defect in T-cell link [26].

When investigating relationships in humoral and
cellular immunity of people with mild and high my-
opia, we observed a significant correlation between
these cohorts (Fig. 1).

However, in some cases these relationships were
different in mild and high myopia. These changes
are the result of adaptive rearrangements of popula-
tions of immune cells that occur to maintain internal
homeostasis. Thus, it can be assumed that in the
range of certain values of myopia (its degree), a spe-
cial functional state of the immune system was
formed.
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Figure 1 Correlation between the characteristics of CBC, cellular and humoral immunity in myopic groups (n=60).
Legend: Le — leukocytes; Lym — lymphocytes; B-lym — B-lymphocytes; T-lym — T-lymphocytes; CD4 —T-
helper/inducers; CD8 — T-suppressors/cytotoxic; Le-B-ind — Leuko-B-cellular index; IC - circulating immune
complex; * - the absolute cell count; % - the relative cell count.
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CONCLUSIONS

Our study revealed changes in the indices of cel-
lular and humoral immunity in people with acquired
myopia in comparison to healthy people with nor-
mal vision. We have established that under condi-
tions of myopia of certain degree, a special func-
tional state of immune system, which is expressed
in adaptive reorganizations of immune cells popula-
tions, was observed. In general, a tendency to leu-
kopenia, lymphopenia, T-cell depression (by reduc-
ing the number of T-lymphocytes and T-helpers/
inductors) and simultaneous activation of humoral
(elevated B-lymphocytes, immunoglobulins M and
A) immunity in myopes mild and high degree were
identified. It should be noted that this negative
changes were aggravated with an increase in the
level of myopia. In general, immune resistance of
people with acquired myopia was lowered. The ob-
tained results confirm the involvement of immune
system in pathophysiological mechanisms of deve-
lopment of acquired myopia.
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