VK 616.248-039:616-056.43]-085.37-082.5
https://doi.org/10.20538/1682-0363-2022-1-76-81

Impact ofimmunotherapy with autologous activated T-lymphocytes
on clinical parameters and quality of life in patients with allergic bronchial
asthma

Makarova A.E."?, Blinova E.A.', Pashkina E.A." 2, Nepomnyashchikh V.M.?, Leonova M.l.2,
Demina D.V.%, Kozlov V.A."?

! Research Institute of Fundamental and Clinical Immunology
14, Yadrintsevskaya Str., Novosibirsk, 630099, Russian Federation

2 Novosibirsk State Medical University
52, Krasny Av., Novosibirsk, 630091, Russian Federation

ABSTRACT

Aim. To assess the impact of autologous activated T-lymphocyte immunotherapy on clinical parameters and
quality of life in patients with allergic bronchial asthma (BA) in comparison with patients with allergic BA who
received standard therapy.

Materials and methods. A non-randomized, pilot study included 19 patients with allergic BA of moderate severity
(7 men and 12 women aged 23—-61 years, average age — 38.5 = 4.3 years) who received the T-cell vaccine (n = 12)
and standard therapy with inhaled glucocorticoids, short- and long-acting 2-adrenergic agonists (n = 7). After
signing an informed consent, the patients were subcutaneously injected with autologous activated T-lymphocytes
with a frequency of 4 injections 1 time / week, and then 6 injections 1 time / month. The research methods included
asthma control measurement according to the ACQ-5 questionnaire and quality of life assessment according to
the AQLQ(S) questionnaire. Clinical data were collected during lung function tests and by measuring the total
immunoglobulin E (IgE) level.

Results. In the course of the study, the immunotherapy was well tolerated, no systemic adverse reactions were
noted. The treatment approach in the patients who received the T-cell vaccine resulted in significant improvement
of asthma control parameters (according to the ACQ-5 questionnaire) and parameters of the patients’ quality of life
(according to the AQLQ(S) questionnaire) within all 4 categories. Besides, their lung function improved by the end
of treatment, and the total IgE level decreased. No significant changes in these parameters were observed during
the follow-up in patients who received standard therapy. The study was conducted before immunotherapy, after 2
months (after 5 injections), and after 7 months (after 10 injections).

Conclusion. Evaluation of the impact of immunotherapy with autologous activated T-lymphocytes on the clinical
parameters and quality of life in patients with BA indicates effectiveness of treatment in patients with allergic BA.

Keywords: bronchial asthma, T-cell therapy, activated T-cells, patients’ quality of life, lung function,
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PE3IOME

Hens. OueHnTd BIMSHUE UMMYHOTEpAIUM aKTHBUPOBAHHBIMH ayTOJOTHYHBIMH T-TMM(OINTaMH Ha KIMHUYE-
CKY€ ITapaMeTphl ¥ Ka4eCTBO )KU3HH MAUEHTOB C ajuleprudeckor popmoii 6ponxuansHoit actMel (BA) u cpaBHUTE
C ManueHTaMy ¢ ajuieprudeckoit popmoii BA, momydaBmmMy cTaHIapTHYIO TEPAIIHIO.

MaTtepuaJjibl ¥ MeTOAbl. B HepaHIOMU3MPOBaHHOE MHJIOTHOE HCCIIEIOBAHHUE BKIIFOYEHBI 19 MalMeHTOoB ¢ ajiepru-
geckoit (hopmoit BA (7 my>xunH 1 12 >xeHIIMH B Bo3pacte oT 23 net 10 61 roaa, cpeanuii Bo3pact — 38,5 + 4,3 ner)
CO CpEJIHEeH CTEeNEeHBI0 TSHKECTH, MOTydaBIINX T-KIeTOYHYH0 BakuuHy (1 = 12) M CTaHZApTHYIO Tepamuio HH-
TATALMOHHBIMU TTIFOKOKOPTUKOCTEPOUIaMH, [2-aApeHOMHMETHKAMH KOPOTKOTO M IJIMTENBHOTO JAeiCTBUS
(n = 7). IatmeHTaM TOCIIE MOJIYYCHUs] MHPOPMUPOBAHHOTO COTJIACHs BBOJMJIUCH ayTOJNIOTHYHBIC aKTUBHPOBaH-
Hble T-TUMQOIHUTE TOAKOKHO ¢ KPAaTHOCTHIO 4 MHBEKIMU | pas/Hen, a 3aTeM 6 mHBeKIHi 1 pas/mec. MeToabl
HCCIIeTIOBAHUS BKIIIOYAIH OLICHKY CTETIEHH KOHTPOJISI Hag acTMOH 1o onpocHUKY ACQ(S), olleHKY KadecTBa )KU3HU
6ompHBEIX BA 10 onpocHrKy AQLQ(S). OnpeneneHne KIMHIYECKUX MTApaMETPOB OLICHUBAJIOCH ITyTEM H3MEPEHUS
(hyHKIWY BHEIIHETO ABIXaHWUA U YpOBHs o0mero ummyHorinooynuna E (IgE).

PezynbTaTthl. B xoz1e uccnenoBanus 6bu1a 0OTMEYEHA XOPOIIasi IEPEHOCHMOCTh IMMYHOTEPAIHHU, CHCTEMHBIE 110-
60uHbBIE peaKIMU OTCYTCTBOBaNU. [Ipu HCMONB30BaHUHU JaHHOTO METO/Ia MOKa3aHO JOCTOBEPHOE yIIydIlIEeHHE T10-
KazaTeneil KOHTpoJIs HaJ acTMoi (1o onpocHUKy ACQS) 1 kauecTBa )KU3HH MalueHToB (1o onpocHUKy AQLQ(S))
[0 BCEM 4eThIpeM chepam BIMSHUSA, & TAKXKE YBEIUYCHHE YPOBHS (DYHKLMU BHEIIHEro ABIXaHUS K OKOHYAHUIO
JICUCHHUS, CHIDKEHHE ypoBHA obuiero IgE y maruenToB, nmoay4aBmux T-KIeTOYHYIO BaKUMHALUIO. Y MalUeHTOB
CO CTaHAAPTHOU Tepamuel HOCTOBEPHBIX M3MEHEHUI NaHHBIX MOKa3aTeNell 3a mepuos HaONIOACHUS HE OTMede-
Ho. MccnenoBanue npoBoAMIIOCh 0 MMMYHOTEpAHH, yepe3 2 mec (mocie 5 uHbekuuil) u uepe3 7 mec (mociue
10 uHbeKIUN).

3akaouenne. [IpoBeieHHas OlIEHKA BIMAHUS WMMYHOTEPAINH aKTHBUPOBAHHBIMH AYTOJIOTHYHBIME T-umdo-
[UTAM{ Ha KJIMHAYECKHUE MapaMeTphl M KaYeCTBO XKU3HH MAIMEHTOB ¢ BA cBHIETENBCTBYET 00 3B PEKTHBHOCTH
MPOBEJICHHOT'O JICYCHHs Y NAIMEHTOB C aJulepruyeckoi Gpopmoii 3aboneBaHusI.

KiiroueBble ci10Ba: OpoHXHMalIbHAs acTMa, T-KJI€TOYHAs Tepanus, aKTUBUPOBAHHbIE T-KJIETKH, KaueCTBO KU3HU
MAIMEHTOB, (QYHKIMs BHEIIHETO JIbIXaHNs, IMMYHOT100ynH E

KondgauxTt untepecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

Hcrounuk ¢puHaHcupoBanus. Pabora Oblia BBINONHEHA B paMKax MOMCKOBOTO HAYYHOTO MCCIENOBaHUs (per.
Ne 0540-2017-0002).

CooTBeTcTBHE MPUHININAM THKH. Bce y4acTHHKH nccienoBaHus Moanucany 100poBoibHOE HHPOPMUPOBaH-
Hoe coriacue. VccnenoBanue onoOpeHO JOKaNbHBIM dtHdeckuM komutetom HUMKW CO PAMH (mpotokoin
Ne 67 o1 20.01.2012).

Jast umtupoBanusi: Makaposa A.E., baunosa E.A., [Tamkuna E.A., Henomusmux B.M., Jleonosa M.I., Jlemu-
Ha J1.B., Ko3nos B.A. Binsinne umMmyHOTepanuy ak THBUPOBAaHHBIMH ayTOJIOTHYHBIMHU T-TMM(pOIUTAMU HA KIIMHH-
YecKHe MapaMeTphbl U KauecTBO KU3HH MALEHTOB C aJUIepruieckoil Gpopmoii OpoHXHanbHOIl acT™MBbl. Boinemens
cubupcrou meouyunsi. 2022;21(1):76-81. https://doi.org/10.20538/1682-0363-2022-1-76-81.
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INTRODUCTION

Bronchial asthma (BA) is a chronic inflammato-
ry disease of the respiratory tract, the pathogenesis of
which involves a number of immunocompetent cells
and inflammatory mediators, leading to specific patho-
physiological changes [1]. Currently, statistics show that
about 235 million people worldwide suffer from BA [2].
According to the latest estimates of the World Health
Organization, released in December 2016, there were
383,000 asthma-related deaths around the world [2]. The
majority of BA patients respond well to conventional
therapy, achieving disease control. However, a signifi-
cant proportion of patients (20-30%) are refractory to
standard therapy [3].

It is necessary to search for new approaches to treat-
ment that provide patients with the optimal quality of BA
therapy. Regulatory T cells, which play a suppressive
role in the immune response, are of great importance in
the pathogenesis of BA. In addition to genetic predisposi-
tion to IgE hyperproduction and imbalance of Th2 / Thl
cells, a functional decline of regulatory T cells contrib-
utes to the development of allergic reactions. Regulatory
cells exert a suppressive effect by inhibiting T-lympho-
cytes and B-lymphocytes, suppressing the production of
proinflammatory cytokines and secreting transforming
growth factor (TGF)- and interleukin (IL)-10 [4]. Direct
and indirect targets of regulatory T cells include dendrit-
ic cells, T-helpers, B-lymphocytes, IgE-producing cells,
mast cells, basophils, and neutrophils. One of the inno-
vative treatment approaches is cellular immunotherapy,
based, in particular, on injection of autologous activated
T cells [5]. The mechanism of action of immunotherapy
is based on recognition and killing of T cells carrying
activation marker determinants, which enhances the nat-
ural regulatory mechanisms in relation to regulatory T
cells [6]. This approach has been shown to be effective
in regulating allergic inflammation [5].

The aim of the study was to assess the effect of im-
munotherapy with autologous activated T-lymphocytes
on the clinical parameters and quality of life in patients
with allergic BA in comparison with patients in the con-
trol group receiving standard therapy.

MATERIALS AND METHODS

The study included 19 patients (7 men and 12 wom-
en aged 23-61 years, average age — 38.5 + 4.3 years)
with allergic BA of moderate severity, who were treat-
ed at the Immunopathology Clinic of the Research
Institute of Fundamental and Clinical Immunology.
The patients were receiving standard therapy during
12 weeks prior to enrollment in the study. Inhaled glu-
cocorticoids (IGCs) in combination with long-acting
B2-adrenergic agonists and antileukotriene drugs were

used as backbone therapy. Inclusion criteria were the
age range from 18 to 65 years inclusive; the diagnosis
of BA verified at least 12 months prior to inclusion in
the study; the presence of backbone IGC therapy for
at least 12 weeks; a lack of complete control of BA;
forced expiratory volume in one second (FEV1) of
50-90%:; the absence of chronic infectious and autoim-
mune diseases and cancer.

The method for obtaining autologous activated
T-lymphocytes from peripheral blood was described
earlier [7]. In addition to standard backbone BA therapy,
patients were administered autologous activated T-lym-
phocytes subcutaneously 1 time per week (4 injections),
followed by 1 time per month (6 injections).

Evaluation methods to identify the clinical efficacy of
immunotherapy included assessment of asthma control
parameters (according to the ACQ-5 questionnaire) and
quality of life parameters (according to the AQLQ(S)
questionnaire), lung function tests and determination
of the total IgE level. The study was conducted before
the immunotherapy, after 2 months (5 injections), and
after 7 months (10 injections). The volume and rate of
respiration were measured to analyze the external res-
piration function. The survey data were recorded on a
personal computer using the Spida 5 diagnostic soft-
ware program. Serum IgE levels were assessed by en-
zyme-linked immunosorbent assay (ELISA). Statistical
processing of quantitative data was carried out using
Statistica software, version 6.0. The sample was tested
for normal distribution using the Shapiro — Wilk test (for
small samples). The data were presented as the median
and interquartile range Me (Q,; Q,,), as well as the mean
and its error M £+ m. To evaluate the research results, the
nonparametric Mann — Whitney and Wilcoxon tests
were used. The differences were considered statistically
significant at p < 0.05.

RESULTS

During treatment with autologous activated T-lym-
phocytes, 2 out of 12 patients experienced single local
adverse reactions, such as hyperemia, swelling, and pain
at the injection site, which disappeared without a trace
within a few hours.

The changes in the clinical parameters resulted in sig-
nificant improvement of asthma control parameters ac-
cording to the ACQ-5 questionnaire (Table 1). The mean
score before treatment was 2.02; which, according to the
ACQ-5 and ACT scores and the level of asthma control
according to the Global Initiative for Asthma (GINA),
corresponds to uncontrolled BA [8]. The mean score af-
ter treatment was 1.27, which corresponds to partially
controlled BA [8]. The difference of 0.5 points is clini-
cally significant during treatment [8].
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Table 1
Assessment of asthma control parameters according to the ACQ-5 questionnaire during therapy with autologous activated
T-lymphocytes, M + m
Comparison groups of patients with allergic BA
T cell therapy, n =12 Standard treatment, n = 7
Parameter . Point 2 Point 3 . Point 2 Point 3
Point 1 (before (after 2 months — 5 | (after 7 months — 10 Point I (before the (after 2 months —5 | (after 7 months — 10
the treatment) L S treatment) L L
injections) injections) injections) injections)
ACQ-5 2.02+0.46 1.53+£0.35 1.27 £0.39* 2.23+0.48 2.26+0.47 2.00 £ 0.65

* significant differences compared with the parameter before the therapy, p = 0.02.

The results of quality of life assessment in patients
with allergic BA during immunotherapy according to
the AQLQ(S) questionnaire are presented in Table 2.
Friedman’s test of variance showed that in the group of
patients receiving immunotherapy, a significant change
in parameters was noted by the end of treatment in all
categories of the questionnaire, such as “Symptoms”,
“Activity limitation”, “Emotional sphere”, and “Envi-
ronmental influence”. In addition, in the course of thera-

py, the score in the “Activity limitation” category signifi-
cantly increased compared with the parameter 2 months
after the start of therapy.

The level of serum IgE in patients with allergic BA
receiving immunotherapy significantly decreased after 2
months of such treatment and continued to significantly
decrease after 7 months (Table 3). In the control group
receiving standard therapy, no significant changes by the
end of treatment were revealed.

Table 2

Assessment of the quality of life in patients with BA according to the AQLQ(S) questionnaire during therapy with autologous activated
T-lymphocytes, Me (Q,; Q..)

Comparison groups of patients with allergic BA
T cell therapy, n=12 Standard treatment, n =7
Parameter . Point 2 Point 3 . Point 2 Point 3
Point 1 (before (after 2 months (after 7 months — 10 Point 1 (before (after 2 months — 5 | (after 7 months — 10
the treatment) L S the treatment) . L
— 5 injections) injections) injections) injections)
Symptoms 5.45 5.25 5.8 (5.08; 6.7)* 44 4.5 5
ymp (3.2;6.1) (4.9;6.2) p,,=0.045 (3.8;5.5) (3.6;5.8) (4.04;5.9)
. kit
Activity 5.6 6.3 6.6 (5;4(’) %Z; 5.3 5.4 5.7
limitation (4.9;6.1) (5.3;6.7) P 2 (5.1;5.6) (5.1;6.5) (4.9; 6.05)
Py, = 0.005
Emotional 53 5.4 6.4 (5.2;6.4)* 4.8 4.8 6.5
sphere (3.8, 6.6) (5.0;5.6) p,,=0.021 (3.8;6.0) (3.8;6.4) (5.2;6.7)
Environmental 4.9 5.75 6.25 (4.0, 7.0)* 5 4.75 6.9
influence (4.0;5.75) (4.0; 6.0) P, =0.009 (4.5;6.5) (4.25; 6.25) (5.5;8.0)
* significant differences compared with the parameters before the therapy (p < 0.05).
# significant differences compared with the parameters 2 months after the start of the therapy.
Table 3

The level of total serum IgE in the course of therapy with autologous activated T-lymphocytes, Me (Q,.; 0.)

Comparison groups of patients with allergic BA
T cell therapy, n =12 Standard treatment, n =7
Parameter - - : -
. Point 2 . Point 1 Point 2 Point 3
Point I (before (after 2 months — 5 Point 3 (a.lft.er 7 months — (before the | (after 2 months — 5 | (after 7 months —
the treatment) L 10 injections) L L
injections) treatment) injections) 10 injections)
IoE 145.5 (72; 1,357)*
& 231 (58;3,000) | 163 (65; 1,721)* p,,=0.017 84 (32; 125) 90 (13; 326) 75 (11; 184)
(IU / ml) pz": 0.033
3-1 :

* significant differences compared with the parameters before the treatment (p < 0.05)
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According to spirometry data, in the group of patients
with allergic BA receiving immunotherapy, there was
significant improvement in forced expiratory volume in
one second (FEV1), vital capacity (VC), and forced vi-
tal capacity (FVC) and a trend toward an increase in the

Tiffeneau index (p = 0.059) by the end of the treatment.
The results are presented in Table 4. In the control group
receiving standard treatment, a significant increase in
VC after 2 months was observed; no significant changes
by the end of the follow-up were noted.

Table 4

Characteristics of the external respiration function in the course of therapy with autologous activated T-lymphocytes, Me (Q,; Q..

Comparison groups of patients with allergic BA
T cell therapy, n = 12 Standard treatment, n =7
Parameter - - : P
Point 1 (before Point 2 Point 3 Point 1 (before Point 2 (after Point 3
(after 2 months — 5 (after 7 months — 2 months — 5 (after 7 months —
the treatment) L S the treatment) S L
injections) 10 injections) injections) 10 injections)
Ve 105 110 115 (103; 121)* 103 111 (103; 117)* 112
(99; 116) (105 113) p,,=0.033 (93; 109) p,,=0.018 (95; 114)
FVC 109.5 112 118 (109; 122)* 103 110 103
(103; 121) (108; 117) p,,=0.014 (100; 112) (97; 120) (95; 115)
FEVI 94 99 99.5(93.5; 112.5)* 96 99 96
(88.5; 102.5) (88; 114) p,,=0.028 (93; 100) (92; 109) (95; 114)
Tiffeneau index 91 (78; 98) 93 (86; 102) 97 (84; 102) 97 (93; 99) 96 (89; 98) 103 (89; 106)

* significant differences compared with the parameters before the treatment, p < 0.05.

Based on the data obtained, we can speak of good
tolerability and clinical efficacy of immunotherapy with
autologous activated T-lymphocytes in patients with al-
lergic BA.

DISCUSSION

The main advantages of cell therapy include safety
and the absence of systemic side effects, since the patient
is injected with their own cells with a slight modifica-
tion. The study showed safety and good tolerability of
immunotherapy with T-lymphocytes in BA; previously,
safety of this was shown in atopic dermatitis [9].

An important criterion of therapy effectiveness is
parameters of asthma control according to the ACQ-5
questionnaire. According to the comparative character-
istics of the GINA, Goal, and ACQ-5 rating scales, there
is reason to believe that the use of the ordinal ACQ-5
scale is a more appropriate and preferred tool for assess-
ing changes in asthma control in clinical trials [10]. An
increase in the asthma control level from uncontrolled to
partially controlled BA according to GINA is clinically
significant during treatment. The quality of life assess-
ment in patients with BA is also a criterion of therapy
effectiveness; an improvement in the parameters in all 4
categories is usually observed by the end of treatment,
the changes are significant.

Immunoglobulin E is the main participant of type I
hypersensitivity, according to which allergic reactions
occur, including BA. The severity of clinical manifes-

tations of allergy may depend on the quantitative pa-
rameter of allergen-specific IgE. Upon repeated contact
with the allergen, which binds to allergen-specific IgE
already produced during sensitization, degranulation of
mast cells with release of preexisting early mediators of
allergic inflammation occurs along with de novo synthe-
sis of lipid mediators — products of arachidonic acid me-
tabolism. A decrease in the IgE level indicates a positive
effect of immunotherapy in patients with allergic BA.

Regular monitoring of lung function is especially im-
portant for patients with BA, as symptoms of the disease
are difficult to detect until airflow obstruction becomes
severe. The main parameters of spirometry, reflect-
ing the degree of pulmonary obstruction, are FVC and
FEV1. The use of immunotherapy with T-lymphocytes
had a positive effect on the lung function in patients
with allergic BA. Autologous activated T-lymphocytes
are non-toxic and have practically no side effects, which
makes immunotherapy a promising approach to BA
treatment.

CONCLUSION

In our study, safety and good tolerability of immu-
notherapy with activated T-lymphocytes in patients with
BA has been shown. The therapy was effective in relation
to the allergic form of the disease. This was manifested
through significant improvements in the degree of asth-
ma control according to the ACQ-5 questionnaire and
the quality of life parameters according to the AQLQ(S)
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