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Autologous hematopoietic stem cell transplantation (aHSCT) is effective and safe treatment for multiple sclerosis in chil-
dren. The purpose of this study was to improve treatment outcomes by analyzing long-term follow-up after transplantation
and evaluating late effects, as well as studying the immune profile in patients after aHSCT. Sixteen patients were included
in the study. All patients included in the study were under 18 years of age. All patients had severe refractory multiple scle-
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rosis. Prior to the initiation of aHSCT, all patients received therapy with 1st and 2nd line drugs with no positive effect. Mean
improvement on the Expanded Disability Status Scale (EDSS) was 3.1+1.3 during the first 60 days after aHSCT. Long-term
remission after stem cell transplantation was achieved in the patients included in the study, with median follow-up period of
48 months (8—-93 months). Restoration of neurological functions was confirmed by immunological data: increasing of immune
regulation index (CD4+/CD8+) from 1.36%+0.84 to 2.2+0.53 as well as CD4+CD25+FoxP3+ T-lymphocytes from 1.38+0.86 %
to 3.56+1.53 % (in comparison with the baseline). Late effects were moderate in all patients.

Thus, autologous hematopoietic stem cell transplantation proved to be effective and safe treatment for pediatric patients
with severe refractory multiple sclerosis, and the effectiveness of aHSCT was proved by immunological data.

Keywords: autologous hematopoietic stem cell transplantation, multiple sclerosis, immune reconstitution, immunosup-
pression, children

AyTonorunyHas TpaHcnaaHTauus FreMono3TUYECKNX CTBOJIOBbIX kKieTok (ayTo-TICK) aenseTtcsa adpdekTnBHbIM 1 6e3onac-
HbIM METOAOM JIEHEHUNS PACCESIHHOIO CKIepo3a y AeTei. Lienbio AaHHOro nccnenoBaHuns ObI10 yayylleHne pesybTaTos Te-
panuu nyTem aHanusa AoJIr0CPOYHOro HabloAeHUs 3a naumMeHTaMy nocne TpaHcnaaHTaunmy 1 OUeHKU No3aHnx ahdexkTos,
a Takxe U3y4yeHre MMMYHHOro npoduns y naumeHToB nocne ayto-TICK. B nccnepgosaHue 6bi510 Bko4YeHo 16 naumMeHToB B
Bo3pacTe A0 18 net. Y Bcex naumeHToB Obi10 3adUKCUPOBAHO Tsxenoe pedpakTepHOe Te4eHe pacCesHHOro cknepoasa.
o momeHTa Havana ayto-TICK Bce nauveHTbl nonayyanu tepanuio npenapataMmun 1-ii n 2-i1 nvHMM 6€3 NONOXUTENBHOTO
addekTa. CpeaHee ynydlleHne rno pacllMpeHHON LwKaie oueHKN cteneHn niesannamnsaumm (EDSS) B TeveHne nepsbix 60
nHel nocne ayto-TICK coctaBuno 3,1%£1,3 6anna. Y nauneHToB, BKOYEHHbIX B UCCNeaoBaHMe, yaanocb Ao0UTbCSA ANun-
TeNbHOM PEMMCCUM NOCce TPaHCcnaHTaLUMn CTBOOBbLIX KNEeTOoK — nepuoa, HabnioaeHns naumMeHToB CocTaBun B cpeaHem 48
mMecsaues (8—-93 mecsues). BoccTtaHOoBNEHNE HEBPONOTNYECKUX OYHKLUNI NOATBEPANIOCH UMMYHOOMMYECKMMU AaHHBIMU:
Habnoaanock yBeNMYeHMe nHaekca UMMyHHon perynsuumn (CD4+/CD8+) ¢ 1,36+0,84 po 2,2+0,53, a Takke KonuyecTsa
CD4+CD25+FoxP3+ T-numdpountos ¢ 1,38+0,86 % po 3,56%1,53 %. MNosgHre apdekTbl UMENN yMEpPEeHHbIN xapakTep Yy

BCeEX NMNAaUMEHTOB.

Takum o6pasomM, ayToslornyHas TpaHCnaaHTaumMs reMonodTUYEeCKUX CTBOJSIOBLIX KNETOK okasdanach ad@eKTUBHbIM U
6e30nacHbIM METOZ0M JIeYeHUs AeTel ¢ TaXenbIMU pedpakTepHbiMu dopMamMn paccesiHHOro ckiiepo3sa, npuyem adpoek-
TUBHOCTb ayTo-TICK 6blna fokazaHa MMMYHONOrMYECKUMU AaHHbIMU.

KntoueBbie ciioBa: ayTosIorM4yHasi TpaHCcrijiaHTaums reMornod3Tu4eCckmnx CTBOJIOBbIX K/IETOK, PacCesiHHbIM CK/1epo3, VM-

MYHHasi PEKOHCTUTYL NS, MMMYHHOCYripeccus, AeTtu
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aHSCT - autologous hematopoietic stem cell transplantation
CP - cyclophosphamide

DMDs - disease modifying drugs

EBMT - European Society for Blood and Marrow Transplantation

EDSS - Expanded Disability Status Scale

IRI - immunoregulatory index (CD4+/CD8+)
MRI - magnetic resonance imaging
MS - multiple sclerosis

ease of the central nervous system character-

ized by two interconnected pathological pro-
cesses: multifocal auto-inflammation, which leads
to demyelination of nerve fibers, and neurodegen-
eration, which leads to irreversible damage to axons
and death of neurons [1]. In the pathogenesis of the
disease lies a violation of suppressor immune mech-
anisms, namely: the body has a decreased activity of
CD4+CD25+FoxP3+ T-lymphocytes which normally
suppress proliferation of cytotoxic T-lymphocytes,
inhibit the activity of B-lymphocytes, natural killer
cells and macrophagocytes [2—4]. In connection with
such an immune regulatory disorder, some T-lym-
phocytes turn against myelin antigens of the central
nervous system and optic nerves (they become auto-
agressive) and trigger an autoimmune response, that
causes demyelination, and further axonal degenera-
tion occurs [5-7].

Today, when pulse therapy with glucocorticosteroids,
intravenous administration of human immunoglobulin,
plasmapheresis, using DMDs (disease modifying drugs)
are ineffective or impossible, an alternative way of treat-

Multiple sclerosis (MS) is an autoimmune dis-

158

ment of multiple sclerosis is an autologous hematopoie-
tic stem cells transplantation (aHSCT) [5, 8-10].

The principle of aHSCT is based on an immune re-
constitution (‘reboot’ of the immune system): firstly,
having mobilized a certain number of hemopoietic stem
cells from a body by way of conditioning in the form of
high-dose chemotherapy or serotherapy, a state of he-
matopoietic aplasia is induced (most of lymphocytes, in-
cluding sensitized to autoantigens, is destroyed both in
the bone marrow and in the peripheral blood). This ena-
bles to arrest inflammatory process and, what is impor-
tant for the further course of the disease, autoagressive
immunological memory system is depleted [11]. After-
wards, the patients are injected with mobilized hemopoi-
etic stem cells, which contributes to profound regenera-
tion and the renewal of the immune system, i.e., immune
reconstitution takes place (immune reboot) [12]. Me-
chanisms of immune reconstitution vary: 1) transplan-
ted cells (or, more precisely, the cytokines secreted by
them) induce the production of new T-lymphocytes in
the thymus (the regeneration of CD4+ T-lymphocytes
(T-helpers) occurs most fully) [13]; 2) a decrease in the
secretion of proinflammatory cytokines [14]; 3) deple-
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tion of the pool of mucosal-associated invariant T-cells
(MAIT) in the peripheral blood; 4) a decrease in the
number of microRNAs of those microorganisms that
are possibly associated with the development of mul-
tiple sclerosis (miR-155, miR-142-3p, miR-16); 5) in-
creased expression by lymphocytes of various check-
points and regulatory molecules (PD-1, CTLA-4, GITR,
TGF-b1127), etc. [15]. As a result, a new promising
treatment method takes shape that can help save chil-
dren with malignant forms of multiple sclerosis that are
refractory to 1st and 2nd drug lines [16].

The aim of the study of our multidisciplinary team was
to examine aHSCT effectiveness in children with multiple
sclerosis, to analyze immunological profiles of patients
after transplantation and to evaluate late therapeutic ef-
fects.

Material and Methods. The study included 16 pa-
tients with multiple sclerosis aged 15-17 years old. The
median age of patients at study entrywas 16.38+0.7 years
old. The sample of 16 patients included 11 girls (68.8 %)
and 5 boys (31.2 %). The duration of the disease before
aHSCT was 21.7£5.4 months. The age of the disease on-
set was 12.2+1.9 years old.

Patients included in the study were: 1) under the age
of eighteen years; 2) who signed informed voluntary con-
sent to participate in the study (provided that the child
was at least fifteen years of age); 3) with a verified diag-
nosis of multiple sclerosis; 4) who had two or more re-
lapses of multiple sclerosis within the past year; 5) who
had an EDSS score above 1.5.

If a patient 1) expressed a desire to no longer partici-
pate in the study, 2) could not perform all the procedures
assigned to the study group, 3) did not comply with the
conditions set forth in the study protocol, 4) responded
to the T-lymphocyte injection with urgent adverse reac-
tions, the patient was excluded from the study.

For the diagnosis of multiple sclerosis, the resear-
chers used the clinical criteria for pediatric multiple
sclerosis formulated by the International Pediatric MS
Study Group as well as the criteria of McDonald W. I. et
al. (2001), refined by Polman C. H. et al. (2010 r.). The
Expanded Disability Status Scale (EDSS) was used to
assess the severity of patients, with a score of 0 on the
scale corresponding to no evidence of disease (normal in
neurological status) and a score of 10 corresponding to
death due to multiple sclerosis. The median EDSS score
at the time patients were included in the study (before
stem cell mobilization) was 4.7+1.3. All patients had a se-
vere refractory course of multiple sclerosis. All patients
were treated with high-dose glucocorticosteroids, plas-
mapheresis, interferon beta-1b, mitoxantrone with no
positive effect.

Autotransplantation was performed with CD34+ he-
matopoietic stem cells. To isolate CD34+ cells, the pa-
tient was first injected intravenously with 2000 mg of cy-
clophosphamide (CP) per 1 m2 body surface area. The
infusion lasted one hour. Before and during the cyclo-
phosphamide infusion, the researchers also used uro-
mitaxan as an intravenous infusion (the dose of the drug
was 180 % of the CP dose). Seven days later the patients
were injected with granulocyte colony-stimulating factor
filgrastim to stimulate hematopoiesis. Then at least 2x10°
CD34+ cells per kilogram of body weight were extracted
from the patient’s body by hardware apheresis. The iso-
lated cells were cryopreserved until day 0.

After stem cell mobilization, the researchers pro-
ceeded to conditioning. At this stage, 160 mg of ATG
(antithymocyte immunoglobulin) were used as sero-
therapy for each kilogram of patient weight; 200 mg of
cyclophosphamide for each kilogram of patient weight

was administered as chemotherapy. Doses of ATG and
cyclophosphamide were divided into four identical dos-
es administered on days -2, -1, +1, +2 and on days -5,
-4, -3, -2, respectively. CD34+ hematopoietic stem cells
were transplanted after conditioning, on day 0. From the
fifth day after cell reinfusion, filgrastim was administered
at a dose of 5 ug/kg to eliminate hematopoiesis aplasia
as soon as possible. The use of antithymocyte immuno-
globulin also after T-lymphocyte reinfusion significantly
reduced the likelihood of autoimmune response from the
transplanted cells.

The therapy was carried out in accordance with the
protocol «Autologous transplantation of hematopoietic
stem cells in children with refractory forms of multiple
sclerosis», approved at a meeting of the Academic Coun-
cil of the N. I. Dmitry Rogachev on January 20, 2011 (ap-
proved by the local ethics committee on December 10,
2010).

The efficacy of aHSCT was determined by several key
indicators: 1) stabilization of neurological status; 2) ab-
sence of negative progression according to the results
of ongoing MRI of the brain and spinal cord; 3) approa-
ching to normal the qualitative and quantitative composi-
tion of lymphocytes; 4) insignificance of developing com-
plications (including in the late posttransplantation pe-
riod).

Direct and lateral projection MRI scans of the spinal
cord and brain were performed in T1- and T2-mode in
SE and FSE sequences for each patient using a «Signa
Horizont» tomograph. Also before and two weeks after
transplantation, all patients underwent peripheral blood
immunophenotyping using a FACS Calibur flow cyto-
meter with assessment of the quantitative and qualita-
tive subpopulation composition of lymphocytes, includ-
ing determination of CD4+CD25+FoxP3+ T-lymphocytes
and analysis of the CD4+/CD8+ immunoregulatory index
(IRI).

The efficacy of aHSCT in all patients was evaluated
taking into account how timely high-dose therapy was
started. The subjects were divided into 2 groups. Patients
who underwent therapy within the first six months to a
year after the refractory course of multiple sclerosis was
established were assigned to group 1 (timely initiation of
high-dose therapy). Patients whose therapy was started
one year after the establishment of MS refractory course
were included in group 2 (untimely initiation of high-dose
therapy).

Patients Ne 2, 4, 6, 7, 10, 11, 12, 13, 14, 15, 16 (ele-
ven patients in total) were assigned to the first group. Pa-
tients Ne 1, 3, 5, 8, 9 (five patients in total) were assigned
to the second group. For the first group, the duration of
immunosuppressive therapy from determination of di-
sease refractory to the start of conditioning was recorded
as 3.0£0.3 months. For the second group, the duration
of immunosuppressive therapy was 12.0+2.3 months
(p=0,0007).

The researchers created a computer database to
store and further process the data obtained during the
treatment of aHSCT patients. In the analysis performed
to characterize the distribution of the data, the Kolmo-
gorov — Smirnov and Shapiro — Wilk tests were used.
Data are presented as the number of observations in the
group, arithmetic mean, and standard deviation. Cate-
gorical data are presented as percentages.

The choice of criterion for testing the statistical sig-
nificance of differences between the analyzed indicators
was based on the nature of the data distribution. When
comparing two groups, in the case of related samples
we used Student’s paired t-test and/or its nonparamet-
ric analogue — Wilcoxon'’s test, in the case of unrelated
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samples we used Student’s unpaired t-test and/or its
nonparametric analogue — Mann — Whitney test. The sta-
tistical significance of differences in the number of com-
pared groups greater than two was assessed by repeated
measures analysis of variance and/or Friedman’s rank
test for repeated measures, followed by the use of post
hoc criteria.

All tests were bilateral; differences between com-
pared groups were considered statistically significant at
p<0.05; statistical power of the criteria was at least 0.80.
Statistical analysis was performed using software: SPSS
13.0 (SPSS: An IBM Company, USA).

Neurologists, hematologists, radiologists and labora-
tory diagnosticians were involved in hematopoietic stem
cell autotransplantation. The same doctors monitored
the patients’ condition before and after transplantation.

Results and Discussion. The data of all patients who
received aHSCT treatment were included in the analysis.
The results of transplantation in group 1 and group 2
were analyzed. Patient data are shown in Figure 1.

| Patients after aHSCT ‘

Group 1 (in-time) ‘ ‘ Group 2 (late)

Patient | Decreasing of EDSS Patient | Decreasing of EDSS
2 5.5 1 2.5
4
6
7
10
11
12
13
14
15
16

==t |t

3
5
8
9

P B |02 | 12 (02 | b [ [ ro | ko |t

Fig. 1. Decreasing of EDSS in group 1 (n=11)
and group 2 (n=5)

The neurological status of patients in the first group
improved in the days following aHSCT (reduction of EDSS
in the first group averaged 2.5+1.02 points in the first six-
ty days after transplantation). In the second group, the
EDSS improvement was only 1.7+£0.6 points (p=0.01).
Such results could be explained by the timely use of an-
tithymocyte immunoglobulin and cyclophosphamide in
the first group. Subsequently, the improvement in EDSS
averaged 0.2+0.02 points for both groups. This means
that precisely conditioning with the use of immunosup-
pressive drugs is responsible for the pronounced effect
of hematopoietic stem cell autotransplantation. The most
pronounced reduction in EDSS in the first sixty days in
both groups was considered to be 5.5 points, while the
average EDSS improvement over the same period was
3.1%£1.3 points. Figure 2 shows the clinical assessment
of the patients’ health status according to the extended
disability scale in the dynamics before and after aHSCT.
Patients were followed up for an average of 48 months
(8-98 months).

Today, the state of remission is observed in 12 of
16 patients (75 %). Four patients (Ne 3, 4, 5, 6) belonging
to both the first and the second groups had relapses of
multiple sclerosis. No errors in aHSCT were detected in
these patients. The relapse that occurred five years after
autotransplantation in patient 5, for example, was related
to stress, while in patient 4, multiple sclerosis reappeared
with a significant increase in the number of cytotoxic
CD8+ T-lymphocytes and, accordingly, a decrease in the
immunoregulatory index.
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Fig. 2. Clinical assessment of patient progression (n=16)
on the EDSS depending on the day relative to aHSCT.
Patients in group 2 are marked with *

The number of leukocytes in patients quickly reached
the value of 1 thousand/ul and more, which may indicate
a rapid integration of the leukocytic growth into the pa-
tient’s body, averaging 12+1.9 days. Aplasia of hemato-
poiesis was thus not prolonged, which is very important to
prevent the development of various significant complica-
tions. Being represented by febrile neutropenia without
signs of infection (n=11) (culture negative fever; there
was no Uthoff phenomenon - worsening of neurologi-
cal symptoms due to decreased conduction in demyeli-
nated nerve fibers against the background of increased
temperature [17]), cystitis (n=1) and reactivation of cy-
tomegalovirus infection (n=1) within 100 days after the
transplantation, complications were not life threatening
for patients. The data are presented in Table 1.

Table 1
Clinical characteristics of patients before
and after aHSCT (n=16)

’ EDSS
Patients
with Age at aEtDaS}_IS_ r?gﬁghi Compli- ANC
multiple | aHSCT | "5~ | after aH- cations >500
sclerosis
SCT
Patient 1 17 8.5 6.0 Febrile neutro- | +11
penia
Patient 2 17 9.0 3.5 No +12
Patient 3 17 7.0 5.0 Febrile neutro- | +10
penia
Patient 4 16 4.0 1.0 No +12
Patient 5 17 5.0 3.0 Febrile neutro- | +10
penia
Patient 6 16 3.0 1.0 Febrile neutro- | +11
penia
Patient 7 15 5.0 3.0 No +10
Patient 8 15 6.0 5.0 Febrile neutro- | +13
penia
Patient 9 17 6.5 5.5 Febrile neutro- | +12
penia
Patient 10 16 5.0 2.0 No +13
Patient 11 17 4.0 2.0 Febrile neutro- | +10
penia, cystitis
Patient 12 16 5.0 3.0 Febrile neutro- | +9
penia
Patient 13 16 4.0 2.0 Febrile neu- +10
tropenia, CMV
reactivation
Patient 14 16 3.0 2.0 Febrile neutro- | +11
penia
Patient 15 17 3.0 2.0 No +10
Patient 16 17 4.0 2.0 Febrile +10
neutropenia
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Before autotransplantation, the analysis of magnetic
resonance imaging of the brain in all subjects in the T2-mo-
de revealed foci of increased magnetic resonance signal.
Pathological foci with clear boundaries and homogeneous
structure were mainly located in the large hemispheres, in
the corpus callosum, around the ventricles, and in the cer-
ebellum. The foci ranged in diameter from 3 to 19 mm and
were round or irregular in shape. According to the increase
of ventricular indices as well as diffuse pronounced dilation
of the cerebral convexital subarachnoid spaces, cerebral
atrophy was detected in most observations (in 12 patients).

Magnetic resonance imaging of the spinal cord in ten pa-
tients in T2-mode revealed contrast-accumulating circular
lesions. In the sagittal view, pathological foci were detected
in one or two (but not more) spinal cord segments. In the re-
maining six patients, heterogeneity of the spinal cord struc-
ture was detected, which was well visualized in its atrophy.

Each of the study subjects underwent magnetic
resonance imaging of the brain and spinal cord again
after autotransplantation at one, three, and six months.
Absolute disappearance of pathological foci was not
found, but it is worth noting that during remission, some
narrowing of the lesion areas was still observed.

The efficacy of the treatment was proved immunologi-
cally by analyzing the quantitative and qualitative composi-
tion of lymphocytes in each subject (Table 2). In comparison
with the data before autotransplantation, the researchers
found a significant (p=0.004) decrease in the number of
CD8+ T-lymphocytes. In this regard, the immunoregula-
tory index (CD4+/CD8+) also changed - increased from
1.836+0.84 to 2.2+0.53. The increase in IRl was one of the
most important indicators of decreased autoimmune ag-
gression after transplantation. An increase in the suppres-
sor subpopulation of CD4+CD25+FoxP3+ T-lymphocytes
from 1.38+0.86 % to 3.56+1.53 % turned out to be no less
important; the data were statistically significant (p=0.0001).

Table 2
Immune profile before and after aHSCT for children
with multiple sclerosis

o Bef?re aEI)SCT Aft(er aHGS)CT
Phase n=1 n=1
Indicator (%) M+m M+m p-value
[min; max] [min; max]
CD3+ 73.32+8.32 | 69.76+8.47
[64.80; [55.10; 0.09
86.60] 77.40]
CD8+ 30.87+6.28 | 20.27+5.19
[23.70; [16.80; 0.004
39.10] 31.70]
CD4+ 35.47+4.65 | 39.89+6.45
[33.20; [35.20; 0.11
42.50] 45.50]
CD4+/CD8+ 1.36+£0.84 2.2+0.53 0.009
[0.9; 2.40] | [1.90; 2.80] '
CD19+ 11.59+£3.44 | 10.23+3.27 0.46
[7.20; 19.70] | [5.90; 18.40] )
CD16+CD56+ 19.48+5.38 20[.&9):;%..95 0.32
[8.80; 27.90] Ty )
32.40]
CD4+CD25+Foxp3+| 1.38+0.86 3.56+1.53 0.0001
[1.0; 1.80] | [2.90; 4.70] ’

Despite a wide variety of means and methods used
with varying efficacy for the treatment of multiple sclero-
sis in children, the challenge in treating the disease forms
refractory to 1st and 2nd line drugs remain unresolved. An
intensive procedure such as autologous transplantation
of hematopoietic stem cells preceded by conditioning in

the form of high-dose chemotherapy with cyclophospha-
mide and serotherapy with antithymocyte immunoglobulin
helped to achieve significant success in arresting the auto-
immune inflammatory process observed in multiple sclero-
sis. It should be noted that the role of conditioning, using
strong immunosuppressive drugs, is extremely important
in the early post-transplantation period in the case of ex-
tremely severe, life-threatening forms of multiple sclerosis,
since conditioning quickly and efficiently (even before the
transplanted cells begin to act) helps to arrest inflamma-
tion. At the same time, the toxicity of the therapy is low.

The effectiveness of aHSCT was reflected in the
gradual recovery of neurological functions, which
corresponded to the improvement of the EDSS score,
as well as positive changes in neuroimaging (with those
studied in the high-dose therapy group demonstrating
a more pronounced approach of neurological status to
normal than those studied in the untimely start of high-
dose therapy group). In addition, obtaining clinical data
was accompanied by immune profiling of pediatric
patients by determining the qualitative and quantitative
composition of lymphocytes. The efficacy of hematopoietic
stem cell autotransplantation was proved immunologically
by an increase in the immunoregulatory index (CD4+/
CD8+) as well as by an increase in the number of
CD4+CD25+FoxP3+ T-lymphocytes (T-regulators) whose
number is reduced in refractory forms of multiple
sclerosis due to the production by autoaggressive Th1-
lymphocytes of proinflammatory cytokines, which inhibit
the differentiation of T-regulatory cells. The detected
correlation between the data of immune profiling of
patients and indicators on the extended disability scale
proves the hypothesis of immune reconstitution occurring
after hematopoietic stem cell autotransplantation.

The widespread use of aHSCT as a method of treating
multiple sclerosis in children is limited by insufficient data
not only on the effectiveness of this therapy in the late stages
aftertransplantation, butalso onthe possible development of
late complications. In addition, there is very little information
about the immune profile of patients, both before and after
aHSCT. Our study, using prolonged observation of patients
under conditions of multiple sclerosis control by clinical
manifestations, data of magnetic resonance imaging of
brain and spinal cord, laboratory indices, relying on the
activities of multidisciplinary team of doctors, confirmed the
effectiveness of hematopoietic stem cell autotransplantation
in terms significantly distant from the moment of therapy, as
well as the absence of pronounced late complications of
the treatment. An important place in the study belongs to
the study of the dynamics of the immune profile in pediatric
patients with multiple sclerosis against the background of
hematopoietic stem cell autotransplantation.

Conclusions. Thus, among the methods of treatment
of severe refractory to previous therapy forms of multiple
sclerosis in children a new effective and safe method -
autologous hematopoietic stem cell transplantation — can
take a worthy place. The most important success factor in
this case is the timeliness of initiation of therapy. Immune
reconstitution («rebooting» of the immune system), which
aHSCT is aimed at, effectively and quickly arrests autoim-
mune inflammation in the central nervous system, preven-
ting the further launch of this pathological immune pro-
cess, which means protecting the body from potential re-
lapses of multiple sclerosis. In the study, the effectiveness
of aHSCT was proved by immunological data obtained as
a result of studying the dynamics of the immune profile in
patients before and after stem cell transplantation.
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