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Background: Posterior uveitis is a polyetiologic group of diseases with polymorphic
clinical manifestations and a prolonged, chronic and recurrent course. In addition,
it is commonly bilateral and often causes complications, loss of working capacity
and early visual disability in young adults. It is an important task of current clinical
ophthalmology to find biomarkers indicating the severity of inflammation and the
likelihood of developing a recurrence of the initial process.
Purpose: To determine the sensitivity of peripheral blood lymphocytes to adrenaline
and acetylcholine in patients with primary and recurrent uveitis at different phases of
the disease.
Material and Methods: One hundred patients with idiopathic posterior uveitis were
examined at different phases of the disease. The control group was composed of 16 healthy
individuals of a similar age. The specific sensitivity of lymphocytes to neuromediators,
adrenaline and acetylcholine (expression of T cell adrenergic and acetylcholine
receptors) was assessed using our complex methodology (in conjunction with a parallel
sampling method) for assessing the individual’s sensitivity to medicaments (biological
regulators) which has been developed at Immunology laboratory, Filatov Institute of
Eye Disease and Tissue Therapy. The method involves obtaining lymphocytes from an
individual, culturing lymphocytes with examined drugs immunohistochemically, and
use of a peroxidase anti-peroxidase method with monoclonal T-cell antibodies.
Results: Absolute and relative adrenoreceptor and acetylcholine receptor expression
levels in patients with posterior uveitis were 1.8-2.0 times and 1.6-2.4 times,
respectively, higher in patients with posterior uveitis compared to controls. Absolute
adrenoreceptor and acetylcholine receptor expression values were 12.6% and 31.7%,
respectively, higher in the recurrent process during active inflammation compared to
the period of remission. However, in patients with posterior uveitis, adrenoreceptor and
acetylcholine receptor expression values in the period of remission were still higher
than normal values. The odds of an increased relative adrenoreceptor expression and
the odds of an increased relative acetylcholine receptor expression on peripheral
blood lymphocytes were 67.5-fold higher and 23.6-fold higher, respectively, among
patients with posterior uveitis compared to controls. The correlation of adrenoreceptor
expression and acetylcholine receptor expression with absolute counts of T cells and T
helpers was stronger than the correlation with B cells, which reflects to a larger extent
the association with the cellular immunity and to a lesser extent the association with
the humoral immunity. There was a moderate correlation of adrenoreceptor expression
and acetylcholine receptor expression with cell subsets of markers of early lymphocyte
activation CD5, autoimmune aggression CD25, intercellular adhesion CD54 and
apoptosis CD95 (Fas/APO-1).
Conclusion: The adrenoreceptor expression and acetylcholine receptor expression on
peripheral blood lymphocytes may be used as a non-specific biomarker of an activated
inflammatory process in posterior uveitis.
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Introduction

Posterior uveitis is a polyetiologic group of diseases
with polymorphic clinical manifestations and a prolonged,
chronic and recurrent course. In addition, it is commonly
bilateral and often causes complications, loss of working
capacity and early visual disability in young adults. Despite
recent advances in research, establishing the etiology of
uveitis and predicting complications and recurrence in
patients with the disease remains a challenge.
In this regard, the amount of inflammatory host response
(a typical pathophysiological response) is extremely
important. Too weak a response causes immunodeficiency
and contributes to the dissemination of a causative agent,
leading to the uncontrolled proliferation of transformed
cells, while too strong a response causes tissue damage,
fibrosis and immune disease, which is characteristic for
autoimmune disorders (like rheumatoid arthritis, Crohn’s
disease, multiple sclerosis, etc.), allergy, atherosclerosis
and diabetes [1].
A number of observations and discoveries support the
notion of the nervous system as an immunoregulatory
system involved in immune responses. In particular, the
peripheral nervous system, through neurotransmitters and
neuropeptides, works in parallel with the hypothalamicpituitary-adrenal and gonadal axis to modulate
inflammatory events and maintain homeostasis [2].
Monoamines are a group of important bioactive
substances of the central nervous system (CNS) that
are considered to act as neuromodulators and regulate
important functions, such as motor control, cognition,
emotion, and memory processing. The major monoamines
are serotonin, dopamine, and noradrenaline. Monoamines
are also known to act beyond the CNS, and indirect
effects of serotonin on NK cells through the regulation
of monocytes by serotonin have been identified. Human
immune cells express almost all dopamine receptors
(DR). Among leukocytes, B cells and NK cells have the
highest DR expression. Noradrenaline and subsequently
adrenaline are synthesized from dopamine. They are found
in serum at low concentrations, and can strongly increase
during acute stress or exercise.
Both noradrenaline and adrenaline bind to adrenergic
receptors, but differ in their activation potencies.
Adrenaline is a potent stimulator of beta adrenergic
receptors (β-AR). NK cells express high levels of β2-AR
but not β1-AR [3]. The role of adrenergic regulation in the
function of NK cells has been studied [4]. β2-adrenergic
receptors control lymphocyte recirculation through lymph
nodes, contributing to the diurnal variation of lymphocyte
recirculation, which is reflected in the magnitude of the
adaptive immune response [5].
Though all lymphocytes have adrenergic receptors,
differential density and sensitivity of adrenergic receptors
on lymphocytes may affect responsiveness to stress among
cell subsets. For example, natural killer cells have both
high-density and high affinity β2-adrenergic receptors, B
cells have high density but lower affinity, and T cells have
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the lowest density [6]. Therefore, there is a morphological
basis for complex neuroimmune changes that mediate
adaptive responses, eventually contributing to homeostasis.
Neuropeptides are important players in immune function
and chronic inflammation due to their chemoattractive
capacity. Studies have demonstrated a key role of the
sympathetic nervous system and its neurotransmitters in
the regulation of chronic inflammatory conditions [7, 8].
The sympathetic nervous system is well known to play
a critical role in regulating inflammatory conditions, and
imbalanced sympathetic activity has been observed in
rheumatoid arthritis [9].
We have previously found an association between the
type of recurrence of herpetic keratitis and an increased
tone of the sympathetic nervous system, with an impact of
the autonomic sympathetic nervous system on a frequently
recurring process being 27.2% greater than the impact on
an infrequently recurring process [10]. In addition, we
have examined the expression of adrenoreceptors and
acetylcholine receptors on lymphocytes in peripheral
blood in patients with anterior uveitis complicated by
macular edema. We found that, in the period of recurrence,
the expression of adrenoreceptors and acetylcholine
receptors on lymphocytes in peripheral blood in the above
patients was 32.7% and 25.2%, higher than in patients
with uncomplicated uveitis [11].
It is an important task of current clinical ophthalmology
to find biomarkers indicating the severity of inflammation
and the likelihood of developing a recurrence of the initial
process. The diagnostic evaluation using such markers
would promote the development of therapy and early
elimination of the process. The literature is scant on studies
on the expression of adrenoreceptors and acetylcholine
receptors on lymphocytes in the pathophysiological
process in uveitis.
The purpose of the study was to determine the
sensitivity of peripheral blood lymphocytes to adrenaline
and acetylcholine in patients with primary and recurrent
uveitis at different phases of the disease.
Material and methods

The study cohort included 100 patients with idiopathic
posterior uveitis who were treated at the Department
of Ocular Inflammatory Disease and examined at the
Department of Studies of Ocular Function and whose
samples were obtained and processed at Immunology
laboratory, Filatov Institute of Eye Disease and Tissue
Therapy. Of these patients, 22 patients with focal
chorioretinitis had a primary uveitic disease (with a duration
of less than 3 months). A remission episode of recurrent
uveitis was seen in 22 patients with focal chorioretinitis
and 20 patients with disseminated chorioretinitis. A
recurrent episode of uveitis was seen in 18 patients with
focal chorioretinitis and 18 patients with disseminated
chorioretinitis. The average patient age was 37.2 ± 1.5
years (mean ± standard deviation). The median duration
of recurrent posterior uveitis was 2920 days (range, 1080
to 5110 days). The control group was composed of 16

ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2022 - Number 4 (507)

volunteers (32 eyes) of a similar age without ocular disease
or general medical condition.
The study followed the ethical standards stated in
the Declaration of Helsinki, the European Convention
on Human Rights and Biomedicine and relevant laws of
Ukraine. Written informed consent was obtained from all
participants.
Patients underwent assessment of visual acuity,
ophthalmoscopy,
biomicroscopy,
perimetry,
and
examination of the electrical sensitivity of the optic nerve
and critical frequency of phosphene disappearance.
Immunocytochemistry with monoclonal T-cell
antibodies was used to determine lymphocyte subsets and
lymphocyte activation markers. With this in mind, a 4-5ml sample of heparinized blood was obtained from the
cubital vein with a vacuum system, and twice diluted with
0.9% NaCl.
To assess the specific reactivity of lymphocytes to
adrenaline and acetylcholine, we employed our complex
methodology (in conjunction with a parallel sampling
technique) for assessing the individual’s sensitivity to
medicaments which has been developed at Immunology
laboratory, Filatov Institute of Eye Disease and Tissue
Therapy [12]. The technique involves obtaining
lymphocytes from an individual, culturing lymphocytes
with examined drugs, and using an immunohistochemical
peroxidase anti-peroxidase method with monoclonal
T-cell antibodies. A summary of the method procedure
is as follows. First, peripheral blood mononuclear cells
from whole blood are separated through density gradient
centrifugation using Ficoll separating solution with density
of 1.077 g/mL and washed twice to obtain lymphocyte
suspension. Second, (a) lymphocyte cell suspension (0.05
ml) is mixed with NaCl 0.9% (0.05 ml); (b) lymphocyte
cell suspension (0.05 ml) is mixed with adrenaline 0.18%
(0.05 ml; sterile solution, ready for use, manufactured by
JSC Darnytsia, Kyiv, Ukraine); and (c) lymphocyte cell
suspension (0.05 ml) is mixed with acetylcholine chloride
0.1% (0.05 ml; sterile solution, manufactured by Sinbias
LLC, Kyiv) (dry substance with diluted with physiological
saline); and these three mixture samples are incubated
in parallel at 37оС for one hour. The protocols for
concentrations of the used solutions have been developed
previously by others [13]. Thereafter, T cells (CD 3)
are determined immunohistochemically using a routine
method [12, 14] with monoclonal T-cell antibodies.
CD3 counts were determined for study samples (with
adrenaline and acetylcholine) and control samples (with
physiological saline). Absolute and relative expression of
intercellular adhesion marker CD54 (ICAM-1), CD25,
CD 5 and CD 95 in the peripheral blood lymphocytes
were determined. Peripheral blood samples from the
cubital vein were collected using a disposable vacuum
system. Molecular markers of lymphocyte activation were
assessed immunohistochemically using monoclonal T-cell
antibodies [12, 14].

CD54 (ICAM-1) is a glycoprotein expressed on
the cell surface of numerous cell types, has a molecular
weight of 60-114 KDa, contains five Ig-like domains, and
is a member of the immunoglobulin (Ig) superfamily. It is
expressed on the cell surface of immune, endothelial and
epithelial cells, induced by various inflammatory cytokines
(interleukin-1-beta (IL-1β), interferon gamma (IFNγ) or
tumor necrosis factor alpha (TNFα)), acts as an adhesion
molecule and signal receptor in different types of cells to
cause inflammatory reactions and enable inflammation
and healing.
CD25 is a member of the superfamily of protein
receptors, a 55 kD glycoprotein and the alpha subunit
of the interleukin (IL)-2 receptor. It is expressed on the
cell surface of developing and activated T-lymphocytes,
activated B-lymphocytes, NKT cells, monocytes and
macrophages. Its biological value is in regulating
proliferation and differentiation; supporting clonal balance
of lymphocytes; and preventing an excessive immune
response. Changes in CD25 expression can develop in
inflammation of any etiology. CD25 molecule is an early
marker of lymphocyte activation and reflects the capacity
of lymphocytes for differentiation [15, 16, 17].
CD5 is a member of the superfamily of protein
receptors expressed on T and B lymphocytes, a
crucial immunomodulator both under homeostatic and
inflammatory conditions, and is considered a marker
of autoimmune aggression. It has been suggested that
CD5 may regulate the generation and function of nTreg
and iTregs, and that it plays a physiological role in Breg
homeostasis [18].
Fas (APO-1, CD95) is a type I integral membrane
protein with a molecular weight of 45 kDa, a member
of the tumour necrosis factor (TNF) receptor family, is
highly expressed on activated T and B cells. In addition,
Fas ligand is capable of inducing apoptosis of Fas positive
cells. Studies have shown high levels of soluble Fas in the
serum in some infectious and autoimmune diseases and
aging [19].
Parametric and non-parametric statistical methods were
employed for analysis. Spreadsheets and STATISTICA
8.0 (StatSoft, Tulsa, OK) software were used for data
collection, processing, visualization and analysis. The
Kolmogorov-Smirnov test was performed to determine
normality of data. Mean, standard deviation (SD) and
95% confidence interval (CI) values were calculated for
normally distributed data. The Student t test was used to
compare mean values of normally distributed numerical
variables. Non-normally distributed data were described
using median (Med) and interquartile range (IQR) and
compared using Mann–Whitney U test. Nominal data
were described using numbers with percentages. The
level of significance p ≤ 0.05 was assumed. Spearman and
Pearson correlation analyses were used for non-parametric
and parametric data respectively. The STATISTICA
8.0 calculator was used to determine the significance of
difference between two correlation coefficients. Odds
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Ratio (OR) was used as a quantitative measure of effect
for the comparison of relative characteristics and defined
as the ratio of the odds of an event occurring in the group
affected by the risk to the odds of it occurring the control
group. The 95% CI was calculated to project the OR values
for the population. An association between the factor and
the outcome was statistically significant if the confidence
interval was above or below 1.00.
Results

Median and IQR values for adrenoreceptor expression
on peripheral blood lymphocytes in the control group
were 115 cell/µL and 86-203 cell/µL, respectively, which
was significantly and 2.1-2.8 times lower than in patients
with primary and recurrent posterior uveitis (Table 1). The
relative adrenoreceptor expression on peripheral blood
lymphocytes in the control group was 7.3 ± 2.9%, which
was significantly and 1.8-2.0 times lower than in patients
with posterior uveitis (Table 1).
Median and IQR values for acetylcholine receptor
expression on peripheral blood lymphocytes in the control
group were 129 cell/µL and 106-199 cell/µL, respectively,
which was significantly and 1.7-2.4 times lower than in
patients with primary and recurrent posterior uveitis
(Table 1). The relative acetylcholine receptor expression
on peripheral blood lymphocytes in the control group
was significantly and 1.6-2.0 times lower than in patients
with primary and recurrent posterior uveitis (Table 1).
There was a clear tendency to increased adrenoreceptor
and acetylcholine receptor expression on peripheral blood
lymphocytes in the period of apparent inflammation, and
a tendency to decreased adrenoreceptor and acetylcholine
receptor expression on peripheral blood lymphocytes in
the period of remission (Table 1).
Study patients with posterior uveitis were divided into
a group of primary and recurrent posterior chorioretinitis in
the period of recurrence (active inflammation) and a group
of recurrent posterior uveitis in the period of remission
(Table 2). In the active inflammation group, absolute and
relative adrenoreceptor expression values were 12.6%
(р=0.01) and 10.8% (р=0.04), respectively, higher, and
absolute and relative acetylcholine receptor expression
values, 31.7% (р=0.01) та 9.4% (р=0.03), respectively,
higher, than in the group of recurrent posterior uveitis in
the period of remission (Table 2).
In patients with posterior uveitis, the association with a
high relative adrenoreceptor expression (OR = 67.5; 95%
CI, 8.0-565) was stronger than the association with a high
relative acetylcholine receptor expression (OR = 23.6;
95% CI, 4.3-128). That is, the odds of an increased relative
adrenoreceptor expression and the odds of an increased
relative acetylcholine receptor expression on peripheral
blood lymphocytes were 67.5-fold higher and 23.6-fold
higher, respectively, among patients with posterior uveitis
compared to controls.
Correlation analysis was conducted to elucidate the
essence of interrelated effects between adrenoreceptor
expression and acetylcholine receptor expression on
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peripheral blood lymphocytes and immunocompetent
cells (Table 3). Spearman correlation coefficient was
calculated as a measure of association between numerical
variables. Table 3 shows correlations of the number of
immunocompetent cells with adrenoreceptor expression
and acetylcholine receptor expression.
Correlation power was interpreted by evaluating the
significance of difference in correlation coefficients.
The correlation of adrenoreceptor expression with T cell
(СD3+) count and T helper (СD4+) count (р = 0.006)
was stronger than the correlation of adrenoreceptor
expression with T suppressor (cytotoxic СD19+) count as
a measure of humoral immunity (Table 3). The correlation
of acetylcholine receptor expression with T cell (СD3+)
count and T helper (СD4+) count (р = 0.01) was stronger
than the correlation of adrenoreceptor expression with T
suppressor (cytotoxic СD19+) (Table 3).
We assessed correlations of cell count with
adrenoreceptor expression, acetylcholine receptor
expression with CD54, CD25, CD5 and CD95 lymphocyte
subset counts (Table 4). There was a direct correlation of
adrenoreceptor expression and acetylcholine receptor
expression with СD5, СD54, СD25, and СD95 lymphocyte
subsets with monoclonal T-cell antibodies. There was no
difference in correlation power (as assessed by correlation
coefficients) between adrenoreceptor and acetylcholine
receptor expression with СD5, СD54, СD25, and СD95
lymphocyte subsets with monoclonal T-cell antibodies
(Tab. 4), that is, all the markers were activated to the same
extent with an increase in adrenoreceptor and acetylcholine
receptor expression.
Therefore, with activation of inflammation in patients
with posterior uveitis, absolute adrenoreceptor and
acetylcholine receptor expression values increased by
12.6% and 31.7%, respectively, and relative adrenoreceptor
and acetylcholine receptor expression values increased by
10.8% and 9.4%, respectively.
There was a direct correlation of adrenoreceptor
expression and acetylcholine receptor expression with
absolute counts of T cells, T helpers, T suppressors and
B cells. The correlation of adrenoreceptor expression and
acetylcholine receptor expression with absolute counts of
T cells and T helpers was stronger than the correlation with
B cells, which reflects to a larger extent the association
with the cellular immunity and to a lesser extent the
association with the humoral immunity. Markers of early
lymphocyte activation CD5, autoimmune process CD25,
intercellular adhesion CD54 and apoptosis CD95 (Fas/
APO-1) increased to the same extent with an increase
in adrenoreceptor expression and acetylcholine receptor
expression.
Discussion

“Immunological homeostasis” is essential for health,
because insufficient or excessive activity in the immune
systems causes disease. Humoral and cellular immune
response activation protects damaged tissue from invasion,
clears it from detritus, and initiates wound healing

ISSN 0030-0675 (Print); ISSN 2412-8740 (English ed. Online); Journal of Ophthalmology (Ukraine) - 2022 - Number 4 (507)

mechanisms and reparation. Today, life requires that the
immune response to microbes and pathogens is maintained
within a carefully balanced response range between dual
threats: insufficient immunity, which would enable the
pathogens to prevail, and excessive immunity, which can
kill or impair the host, directly.
Major advances in twentieth-century neuroscience
and immunology revealed that neuronal circuits maintain
homeostasis during immune responses. Homeostatic
control of immune responses by neural reflex circuits
occurs in a time frame that operates extremely fast relative
to humoral and cell-trafficking mechanisms. Afferent reflex
arcs sense pathogenic molecules, cytokines, and other
products of infection and cell injury, thereby activating
action potentials that travel rapidly, specifically, and
directionally. These incoming neural signals to brainstem
nuclei stimulate efferent action potentials that travel to
the principal organs of the immune system, including
the spleen, lymph nodes, and reticuloendothelial organs.
Arrival of action potentials in these innervated immune
tissues culminates in release of neurotransmitters that
interact with specific receptors expressed by monocytes,
macrophages, lymphocytes, and other cells of the innate
and adaptive immune systems. There are increasingly
available studies on the inflammatory reflex, the neural
circuit composed of afferent and efferent neurons that
travel in the vagus nerve to regulate immunity. The two
arms of the autonomic nervous system typically act to
balance arousal (sympathetic: “fight or flight”) with
homeostasis (parasympathetic: “rest and digest”). There
is no parasympathetic innervation in lymphoid organs,
indicating that adrenergic signaling is a principal means
of communication between the nervous system and the
immune system. Adrenergic stimulation results in a rapid
release of leukocyte subsets into the circulation [20].
Most mature leukocytes spend much of their cellular
lives trafficking around the body with the goal of
identifying and eradicating microorganisms and malignant
cells. Soluble and cell-associated signals direct leukocyte
trafficking, tissue entry, and migration within tissues. These
include chemokines, cytokines, and adhesion molecules
expressed by vasculature, tissues, and other immune cells.
In addition to these well-defined signals, neurotransmitters
produced by the nervous system and adrenal glands can
also impact leukocyte migration and functions. Both
leukocyte-intrinsic and -extrinsic pathways are influenced
by neural signals to direct migration. Investigation of the
effects of neurotransmitters on leukocytes in the blood, in
particular the catecholamines noradrenaline (also known
as norepinephrine) and adrenaline (epinephrine), spans
more than a century, providing clear evidence of their
impact on systemic leukocyte trafficking [21, 22].
Though all lymphocytes have adrenergic receptors,
differential density and sensitivity of adrenergic receptors
on lymphocytes may affect responsiveness to stress among
cell subsets. For example, natural killer cells have both
high-density and high affinity β2-adrenergic receptors, B

cells have high density but lower affinity, and T cells have
the lowest density [6].
Lymphocytes express most of the cholinergic
components found in the nervous system, including
acetylcholine (ACh), choline acetyltransferase (ChAT),
high affinity choline transporter, muscarinic and nicotinic
ACh receptors (mAChRs and nAChRs, respectively),
and acetylcholinesterase. Stimulation of T and B cells
with ACh or another mAChR agonist elicits intracellular
Ca2+ signaling, increased nitric oxide synthesis and IL-2induced signal transduction [23].
In addition, under inflammatory conditions,
lymphocytes have been shown to express choline
acetyltransferase and produce ACh. Although widely
studied as a neurotransmitter, T cell-derived ACh
has recently been reported to play an important role
in regulating immunity and stimulate vasodilation.
Vasodilation is critical for immune responses and is one
of the hallmarks of inflammation facilitating the entry of
immune cells into infected tissues. It has been shown that
the enzyme choline acetyltransferase, which catalyzes the
rate-limiting step of ACh production, is robustly induced
in both CD4+ and CD8+ T cells during lymphocytic
choriomeningitis virus infection in an IL-21-dependent
manner. Deletion of choline acetyltransferase within the T
cell compartment in mice ablated vasodilation in response
to infection, impaired the migration of antiviral T cells into
infected tissues, and ultimately compromised the control
of chronic lymphocytic choriomeningitis virus infection
[22, 24].
Therefore, the current literature highlights the role
of neural control of the immune response to enable its
speed, specificity and selectivity, the role of adrenergic
and cholinergic regulation of the immune response under
inflammatory conditions, and functions and cellular
response to major neurotransmitters that can regulate
migration, proliferation, differentiation and cooperation
of immunocompetent cells. The role of neural control and
neurotransmitters in the development of immune response
in eye disease has been poorly studied.
In the current study, we determined the levels of
adrenoreceptor and acetylcholine receptor expression
on peripheral blood T cells of healthy volunteers and
patients with primary and recurrent posterior uveitis (focal
and disseminated chorioretinitis). Absolute and relative
adrenoreceptor and acetylcholine receptor expression
levels in patients with posterior uveitis were 1.8-2.0 times
and 1.6-2.4 times, respectively, higher in patients with
posterior uveitis compared to controls.
Absolute adrenoreceptor and acetylcholine receptor
expression values were 12.6% and 31.7%, respectively,
higher in the recurrent process during active inflammation
compared to the period of remission. However, in patients
with posterior uveitis, adrenoreceptor and acetylcholine
receptor expression values in the period of remission were
still higher than normal values. We found that the odds
of an increased relative adrenoreceptor expression and
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the odds of an increased relative acetylcholine receptor
expression on peripheral blood lymphocytes were 67.5fold higher and 23.6-fold higher, respectively, among
patients with posterior uveitis compared to controls. In
addition, the correlation of adrenoreceptor expression and
acetylcholine receptor expression with absolute counts of
T cells and T helpers was stronger than the correlation with
B cells, which reflects to a larger extent the association
with the cellular immunity and to a lesser extent the
association with the humoral immunity. Moreover, there
was a moderate correlation of adrenoreceptor expression
and acetylcholine receptor expression with cell subsets of
markers of early lymphocyte activation CD5, autoimmune
aggression CD25, intercellular adhesion CD54 and
apoptosis CD95 (Fas/APO-1) increased to the same
extent with an increase in adrenoreceptor expression and
acetylcholine receptor expression.
Therefore, in our opinion, the adrenoreceptor expression
and acetylcholine receptor expression on peripheral blood
lymphocytes may be used as a non-specific biomarker of
an activated inflammatory process in posterior uveitis.
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Table 1. Characteristics of peripheral blood T lymphocyte sensitivity to adrenaline and acetylcholine in patients with primary
and recurrent focal and disseminated chorioretinits at various periods of the disease
Number
Nosological unit and period of
of the n
the disease
group

Adrenaline
Absolute cell count /
ml
Median
(interquartile range)

Acetylcholine
%
M±SD

Absolute cell count /ml
Median
(interquartile range)

%
M±SD

Primary focal chorioretinits

1

22

323
(209 – 504)

14.9±7.2

308
(204 – 448)

13.7±5.4

Recurrent focal chorioretinits,
period of recurrence

2

18

247
(193 – 358)

14.0±4.4

290
(220 – 374)

15.8±4.6

3

22

252
(182 – 281)

13.0±3.7

216
(158 – 291)

14.2±3.4

18

286
(203 – 440)

15.3±5.4

318
(182 – 502)

15.5±4.2

20

247
(194 – 323)

13.5±4.4

213
(211 – 291)

12.8±2.9

12

115
(86-203)

7.3±2.9
(5.4-9.2)

129
(106-199)

7.8±1.9
(6.0-9.4)

Recurrent focal chorioretinits,
period of remission
Recurrent disseminated
chorioretinits, period of
recurrence
Recurrent disseminated
chorioretinits, period of remission

4
5

Control

6

р1-6=0.001
р2-6=0.0008
р3-6=0.005
р4-6=0.0003
р5-6=0.001
р1-3=0.07
р3-4=0.01
р4-5=0.07

Significance of differences

р1-6=0.001
р2-6=0.0001
р3-6=0.000
р4-6=0.000
р5-6=0.003

р1-6=0.0006
р2-6=0.0005
р3-6=0.0000
р4-6=0.0003
р5-6=0.01
р2-5=0.04
р4-5=0.03

р1-6=0.01
р2-6=0.002
р3-6=0.01
р4-6=0.002
р5-6=0.02
р4-5=0.04

Note: n, number of patients

Table 2. Characteristics of peripheral blood T lymphocyte sensitivity to adrenaline and acetylcholine in patients with primary
and recurrent uveitis at various periods of the disease
Adrenaline
Number
of the
group

n

Primary and recurrent
posterior uveitis in the period
of recurrence

1

58

285
203-404

Recurrent posterior uveitis in
the period of remission

2

42

249
185-299

Control

3

12

115
(86-203)

Nosological unit and
period of the disease

Significance of differences

Note: n, number of patients

10

Absolute cell count/
ml
Median
(interquartile range)

р1-2=0.01
р1-3=0.0000
р2-3=0.000

Acetylcholine
%
M±SD
14.8±5.0

Absolute cell count/ ml
Median
(interquartile range)

%
M±SD

315
220-448

14.9±4.2

13.2±4.0

216
198-291

13.5±3.2

7.3±2.9
(5.4-9.2)

129
(106-199)

7.8±1.9
(6.0-9.4)

р1-2=0.04
р1-3=0.004
р2-3=0.007

р1-2=0.01
р1-3=0.0006
р2-3=0.009

р1-2=0.03
р1-3=0.000
р2-3=0.000
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Table 3. Distribution of significant correlations between counts of peripheral blood immunoreactive cells and lymphocytes
expressing adrenergic and acetylcholine receptors in patients with posterior uveitis (N=116).
Type of immunocompetent cells
(absolute cell count/ ml)

Adrenaline
(absolute cell count/ ml)

Acetylcholine
(absolute cell count/ ml)

СD3

r = 076

r = 083

СD4

r = 076

r = 079

СD8

r = 058

r = 065

СD16

r = 051

r = 056

СD19

r = 042

r = 052

СD4/8

r = 0.28

Note: r, Spearman correlation coefficient (p < 005)

Table 4. Significant (p < 0.05) correlations between absolute counts of peripheral blood lymphocytes with markers CD54, CD
25, CD5 and CD 95 with absolute counts of blood lymphocytes expressing adrenergic and acetylcholine receptors in patients
with posterior uveitis (N=56)

Biomarkers in peripheral blood T cell subsets
(absolute cell count/ ml)

Adrenaline
(absolute cell count/ ml)

Acetylcholine
(absolute cell count/ ml)

СD 5

r=0.64

r=0.71

СD 54

r=0.52

r=0.59

СD25

r=0.62

r=0.56

СD95

r=0.54

r=0.58

Note: r, Spearman correlation coefficient (p < 005)
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