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ABSTRACT

Purpose of the study. To study the expression of immunophenotypic marker molecules on B-lymphocytes of patients with
chronic lymphocytic leukemia at the stages of immunochemotherapy while monitoring minimal residual disease.

Patients and methods. 20 patients with CLL were examined, who in the period 2019-2022 underwent 6 courses of immunoche-
motherapy (ICT) in the RB/FCR mode at the National Medical Research Centre for Oncology, Rostov-on-Don. Before, after 3, 6
courses of ICT, bone marrow immunophenotyping was performed by flow cytometry. The data is evaluated in Statistica 13.0.
Results. Before treatment, 3 groups of patients were identified depending on the expression of prognostic markers (CD38,
ZAP-70, CD11c¢, CD25, FMC7). | (2 people) — without expression of CD38, ZAP-70, CD11c, CD25, FMC7 on tumor B-lympho-
cytes. Il (14 people) — with variable expression of CD25, CD38 (0.4-47.6 % and 0.0-57.5 %, respectively), lack of expression of
ZAP-70,CD11c, FMC7. Il (4 people) — with high expression of CD38 (57.5-69.2 %), ZAP-70 (36.6-48.3 %), CD11¢ (20.0-96.5 %),
CD25 (64.9-92.7 %), FMC7 (13.6—88.6 %). After the 3rd course of ICT, the minimum residual disease (MRD): 0 % in group |,
0.48 + 0.13 % in group Il, 33.5 + 7.84 % in group lll. After the 6th course of ICT MRD: 0 % in group |, 0.42 + 0.09 % in group I,
33.2 £8.07 % in group lll. The expression of immunophenotypic markers in groups Il and Ill remained unchanged after 3, 6
courses of ICT. According to the criteria for assessing the response to therapy (IWCLL, 2018), patients of groups |, Il after the
6th course of ICT have complete remission, 3 patients of group Il have partial remission, 1 patient has stabilization of the
process. Preliminary data have been obtained indicating that the absence or increased expression of CD38, CD25, ZAP-70,
CD11c¢, FMC7 on B-lymphocytes of CLL patients before treatment may predetermine the hematological response to therapy
according to RB/FCR regimens.

Conclusion. Initially, increased expression of all prognostic antigens simultaneously: CD38, CD25, ZAP-70, CD11c, FMC7 on
the tumor population of B-lymphocytes in patients with CLL is associated with an unsatisfactory response to treatment, which
seems promising from the point of view of studying the effect of the analyzed marker molecules on achieving a hematological
response at the stages of immunochemotherapy.
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OPUTUHATTbHAA CTATbA

MPO®WU/Ib IKCMPECCUM UMMYHODEHOTUMUHECKMX MAPKEPHBIX MOJIEKY]
HA B-JIAM®OLIUTAX ¥ 6OJIbHBIX XPOHUHECKUM NAM®ONEMKO30M HA ITAMAX
UMMYHOXUMWUOTEPATINN

0. H. CemoTtuna™, H. K. lycbkoBa, W. b. Jibicenko, M. A. KoHoBanbumk

HMWL| oHkonoruwm, r. PoctoB-Ha-[loHy, Poccuiickas Gegepauus
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PE3IOME

Llenb uccnepoBaHus. M3yuntb aKCnpeccuo MUMMYHOEHOTUMUYECKUX MAapPKEPHbIX MOJIEKYN Ha B-numdoumTax 60/bHbIX
XPOHUYECKUM NMMPONENKO30M Ha aTanax MMMyHOXMMUOTEPanuu NpY MOHUTOPUHIE MUHUMAlbHON OCTATOYHOW 60/IE3HM.
MaumeHTbl M MeTogbl. O6¢cnenoBaHbl 20 60nbHbIX XJ1/1, koTopbiM B nepuog 2019-2022 rr. npoBeAeHO 6 KypcoB UMMY-
HoxumMmnoTepanuu (UXT) B pexxume RB/FCR B HMWL, oHkonoruu r. PoctoBa-Ha-[oHy. [lo fieyeHus, nocne 3, 6 kypcos UXT
BbINOMHANOCh UMMYHO(MEHOTUMMPOBaHNE KOCTHOrO MO3ra MeTOAO0M MPOTOYHOW LnTOodAtoopuMeTpun. [JaHHble OLeHeHbI
B Statistica 13.0.

PesynbTathbl. [0 NeYeHUsi B 3aBUCUMOCTH OT 3KCMPECCUM NMPOrHOCTUYECKUX MapkepoB (CD38, ZAP-70, CD11c, CD25, FMC7)
BblAeneHbl 3 rpynnbl 60nbHbIX. | (2 yen.) — 6e3 akcnpeccuu CD38, ZAP-70, CD11c, CD25, FMC7 Ha onyxoneBbix B-numdo-
uutax. Il (14 yen.) — c BapuabenbHoii akcnpeccueit CD25, CD38 (0,4-47,6 % 1 0,0-57,5 %, COOTBETCTBEHHO), OTCYTCTBMEM
skcnpeccun ZAP-70, CD11¢, FMC7. 11l (4 yen.) — ¢ BbicokoW akcnpeccuen CD38 (57,5-69,2 %), ZAP-70 (36,6-48,3 %), CD11c
(20,0-96,5 %), CD25 (64,9-92,7 %), FMC7 (13,6—88,6 %). Mocne 3 kypca UXT MuHMManbHas ocTatodHas 6onesHb (MOB):
Bl rpynne 0 %, Bo II-1 0,48 + 0,13 %, B l1I-1 33,5 £ 7,84 %. Nocne 6 kypca UXT MOB: B | rpynne 0 %, Bo II-1 0,42 + 0,09 %, B Ill-i1
33,2 + 8,07 %. 9kcnpeccus UMMyHobeHoTUNMYecknx mapkepos B I, Il rpynnax 6e3 nuameHeHuin nocne 3,6 kypco UXT.
CornacHo KpuTepusiM oLleHKu oTBeTa Ha Tepanuto (IWCLL, 2018 r.) y nauueHToB |, Il rpynn nocne 6 kypca UXT nonHasn
pemuccus, y 3-x naumeHnToB Il rpynnbl YacTuyHasa pemuccus, y 1 60nbHOro ctabunuaauus npouecca. [onyyeHbl npeasa-
puTenbHble AaHHble, yKasblBaloLMe Ha TO, YTO OTCYTCTBME UM NOBbILEHHbIN YypoBeHb akcnpeccun CD38, CD25, ZAP-70,
CD11c, FMC7 Ha B-numdoumnTax 60nbHbIX XJ1J1 0 NeYeHnst MOryT NpefonpeaenaTb reMaTonornyeckuii OTBeT Ha Tepanuto
no cxemam RB/FCR.

3aksoueHue. IcxoaHO NOBbILWEHHAs 3KCNPeccusi O4HOBPEMEHHO BCEX MPOrHOCTMYECKUX aHTureHos: CD38, CD25, ZAP-70,
CD11c, FMC7 Ha onyxoneBoi nonynsiumn B-numbountoB 60nbHbIX XJ1J1 accoummpyeTcs ¢ HeyA0BNIeTBOPUTENbHBIM OTBe-
TOM Ha NleyeHune, YTo NPeACTaBNSAETCS NEPCNEKTUBHBIM C TOUKW 3PEHUSI U3YYEHUSI BINAHWUSA aHaNM3UPYyeMbIX MapKepHbIX
MOJIeKyN Ha AOCTUXKEHNE reMaTo/IorMYeckoro OTBeTa Ha aTanax MUMMyHOXUMKUOTEpanuu.

KnioueBble cnosa:
XpOHVILIeCKMﬁ J'II/IMCbOJ'IGVIKO3, NMpoTOoYHada UNTOMETPUSA, MUHMMalibHaa oCcTaTovyHas 60/1€3Hb,
VIMMyHOd)eHOTVII'IVI‘-IGCKVIe MapkKepbl, UMMYHOXUMUOTEPaNua
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RELEVANCE

Chronic lymphocytic leukemia (CLL) is a tumor
of lymphoid tissue from mature (peripheral) B cells,
characterized by damage to the bone marrow and
lymph nodes. People over the age of 50 get sick,
mostly. CLL is detected randomly, progresses slow-
ly and often proceeds without pronounced symp-
toms for a long time [1; 2]. According to a number
of studies [3; 4], CLL is classified as an extremely
heterogeneous disease, the nature of the course of
which varies from indolent to aggressive, and the
prognosis in the same patient can change signifi-
cantly over time [5]. Tumor B lymphocytes in CLL
express antigens — CD19, CD5, CD23, CD20 (weak),
CD22 (weak), CD43 [6; 7].

The assessment of the response to therapy is
carried out according to the updated criteria of the
International Working Group on CLL (IWCLL, 2018),
according to which complete remission, partial re-
mission, stabilization or progression of the disease is
established. Parameters characterizing tumor mass
(lymphadenopathy, hepatomegaly, splenomegaly,
blood lymphocyte level, bone marrow infiltration,
constitutional symptoms) and indicators character-
izing bone marrow function (platelet, hemoglobin,
neutrophil levels) are evaluated [8]. The most im-
portant stage in the final assessment of the effect
of immunochemotherapy used in the treatment of
CLL is the determination of minimal residual disease
(MRD), which IWCLL is also included in the criteria
for evaluating the response to therapy [8]. Minimal
residual disease is characterized by the presence of
a population of tumor cells in patients in complete
remission, which cannot be detected by cytological
method, but can be determined by highly sensitive
methods of PCR and multicolored flow cytometry.
Most prognostic schemes are based on the assess-
ment of MRD in the blood and/or bone marrow, which
allows us to reliably confirm MRD-negative complete
remission. Thus, the content of the residual popula-
tion of CLL cells in the blood or bone marrow above
1 % foreshadows an early relapse and may serve as
a basis for changing therapy. The MRD content in the
range from 0.90 % to 0.01 % characterizes a group
of patients with a median disease progression-free
survival (IBD) of about 3 years, which gives reason
to consider the possibility of maintenance therapy.
MRD values below 0.01 % indicate a high probability

y 60/bHbIX XPOHUYECKUM NTMMDONEKO30M Ha 3Tanax MMMYHOXUMUOTEpaNuu

of long-term remission (> 5 years) [9; 10]. Gabor Ko-
vacs et al. [11] analyzed the prognostic significance
of MRD in comparison with the clinical response to
therapy. It has been shown that achieving MRD neg-
ativity is as important as the clinical response to
evaluate the effectiveness of therapy.

In the last decade, an improved understanding of
the pathogenesis of CLL and the active introduction
of the flow cytometry method into clinical practice
has made it possible to use the expression of a num-
ber of immunophenotypic markers as prognostic
indicators. In particular, activation antigens CD38
and CD25, ZAP70 protein, myelomonocytic antigens
CD11c and CD11b, FMC7 (antigen of mature B-lym-
phocytes), absence of CD23 antigen or its weak ex-
pression on the surface of lymphocytes, etc. [10].
It was also found that CD38 expression on more
than 20 % of CD19+/CD5+ cells is associated with
a poor prognosis, and patients with immunopheno-
typically immature CD38+ CLL respond poorly to
long-term multimode chemotherapy and, therefore,
have a short life expectancy [12]. In almost 50 % of
CLL patients, the expression of CD25 activation anti-
gen on lymphoid cells is noted, which is considered
a marker of tumor lymphocytes in hairy cell leukemia
and is associated with an unfavorable prognosis of
the disease [12]. The expression of ZAP-70 = 20 %
on tumor B-lymphocytes is considered as a risk fac-
tor for the progression and development of Richter
syndrome [12]. In 26.7 % of patients with CLL, ex-
pression of the myelomonocytic antigen CD11c is
observed, which is associated with a short doubling
time of the number of lymphocytes in peripheral
blood (< 12 months) [13]. The absence of CD23
antigen or its weak expression on the surface of
lymphocytes, along with the simultaneous detection
of positive expression by FMC7 (antigen of mature
B-lymphocytes), is also associated with a poor prog-
nosis [14].

Analysis of the literature data shows that the
search for markers that allow predicting the course of
the tumor process and the response of CLL patients
to therapy at the stages of diagnosis and monitoring
of MRD does not lose its relevance.

Purpose of the study: to study the expression
profile of immunophenotypic marker molecules on
B-lymphocytes in patients with chronic lymphocyt-
ic leukemia at the stages of immunochemotherapy
while monitoring minimal residual disease.
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PATIENTS AND METHODS

The study included 20 patients (13 men, 7 women),
median age 66.4 + 1.9 years with chronic lymphocytic
leukemia (CLL) in stage C according to Binet, who
had not previously received specific therapy. In the
period from 2019 to 2022, 6 courses of antitumor
drug therapy in RB or FCR mode were conducted in
the Department of Oncogematology National Medi-
cal Research Centre for Oncology in Rostov-on-Don.
At the stages before, after 3 and 6 courses of ICT,
bone marrow immunophenotyping was performed
by 10-color flow cytometry (Navios 10/3, Beckman
Coulter, USA). The studies were carried out in native
bone marrow cells in a solution of anticoagulant K2
EDTA. The study of the primary immunophenotype of
B lymphocytes and prognostic marker molecules was
performed using a panel of monoclonal antibodies
labeled with various fluorochromes: CD45 (PB), CD19
(ECD, PC7), CD5 (PC7, APC), CD10 (PE), CD11c (PE),
CD20 (PC7), CD22 (PE), CD23 (PE), CD25 (PC5), CD38
(FITC, PC7), CD43 (APC-A750), and FMC7 (FITC),
ZAP-70 (PE), CD3 (PC7), kappa (FITC), lambda (PE).
MRD was evaluated, taking into account that the re-
sidual population of CLL cells in the bone marrow <
0.01 % (0 %) is estimated as MRD negative status [9].
The results of flow cytometry were analyzed using the
Kaluza v2.1 software (Beckman Coulter, USA). The
collection of clinical information, biological materi-
al, sample preparation, quality control of biological
samples, storage, as well as compliance with legal
norms and rules related to patient confidentiality were
carried out according to the developed algorithms
of actions of departments of research and clinical
groups National Medical Research Centre for On-
cology [15]. The data obtained are evaluated in the
Statistica 13.0 program, the results are presented
taking into account the average values (M), the errors
of the averages (m).

RESEARCH RESULTS AND DISCUSSION

Prior to treatment (MRD day 0), according to the
results of flow cytofluorometry, all patients showed
high expression of markers characteristic of CLL-
CD5, CD23, CD20, CD22, CD43 (Fig. 1). Depending
on the expression profile of prognostic markers such
as CD38, ZAP-70, CD11¢, CD25, FMC7, 3 groups of
patients were identified (Table 1). Group | (2 people)

52

was characterized by the absence of expression of
CD38, ZAP-70, CD11c and CD25 markers, the level
of FMC7 expression did not exceed 0.2 %. In group Il
(14 people), variable expression of CD25 and CD38
was noted, respectively 0.4 % —47.6 % and 0.0 % -
57.5 %, the absence of expression of ZAP-70, CD11c,
FMC7 was not more than 1.6 %. In group Ill (4 people),
high expression of all studied prognostic markers
was found: CD38 (57.5 % — 69.2 %), ZAP-70 (36,6 % —
48,3 %), CD11¢ (20.0 % — 96.5 %), CD25 (64.9 % —
92.7 %), FMC7 (13.6 % — 88.6 %) (Fig. 1, 2). There were
no differences in age and gender between the groups.

After 3 courses of ICT, a decrease in the number
of tumor B-lymphocytes was noted in all groups, but
with varying degrees of intensity. Thus, patients of
group | had MRD - negative status: no CLL cells were
detected in the bone marrow (Table 2). In group II,
a significant decrease in the amount of MRD (0.48 +
0.13 %) was noted in comparison with the data be-
fore treatment (86.2 + 1.43) (p < 0.05), at this stage
attention was paid a decrease in CD38 expression on
CLL cells to < 3 %, the expression of other prognostic
markers remained unchanged in comparison with the
level before treatment. In group lll, after 3 courses
of ICT, the residual population of CLL cells (MRD)
averaged 33.5 + 7.84 %, while the expression profile
of all prognostic markers detected at the onset of
the disease remained unchanged.

After 6 courses of ICT, attention was drawn to
the absence of statistically significant differences
in MRD values in all 3 groups in comparison with
the data after 3 courses of ICT. The amount of MRD
in group | was 0 %, in group Il = 0.42 £ 0.09 %, in
group Il - 33.2 + 8.07 % (Table 2). The expression
profile of prognostic markers remained unchanged:
the absence of expression in group |, variable CD25
expression, decreased CD38 expression after the 3rd
course of ICT and the absence of ZAP expression-70,
CD11c and FMC7 in group I, high expression of all
analyzed markers — CD25, CD38, ZAP-70, CD11c and
FMC7 in group lll. The lack of dynamics in the val-
ues of MRD and expression of immunophenotypic
markers after 6 courses of ICT may be the basis for
evaluating the effect of treatment by IFT already at
intermediate stages, that is, after the 4th and/or 5th
courses of therapy in order to revise treatment regi-
mens, which in our opinion requires further research.

At the same time, the differences in the expres-
sion profile of marker molecules on B-lymphocytes
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established by us before the start of ICT in patients
with CLL are of undoubted interest. Thus, a number of
authors are conducting studies to assess the effect
of CD38, ZAP-70, CD11c, CD25, FMC7 expression
on the results of specific therapy, but these data are
contradictory. It is known that in CLL, the positivity
of CD38, which is a transmembrane glycoprotein, is
a poor prognostic marker associated with resistance
to treatment [16; 17]. It is assumed that CD38 expres-
sion of more than 20 % is associated with damage to
the lymph nodes, liver, as well as with the aggressive
course of the disease [17]. According to other data,
CD38 positivity in the late stages is associated with
eventless and overall survival, and in the early stages
is a poor prognostic factor for overall survival [17].
According to our data, patients of group Il (re-
mission) had initially high levels of expression of
2 markers — CD38 and CD25. After ICT, there was
a significant decrease in CD38 expression. And in
group Il (stabilization), the outcome showed high
expression of all markers — CD38, ZAP-70, CD11c

A - patient P. (group 1)

[M] CD19 ECD / CD5 PC7
10 100

B — patient L. (group Il)

y 60N1bHbIX XPOHMYECKUM NUMDONENKO30M Ha aTanax UMMYHOXMMUOTEPANK

CD25, FMC7 and no change in the expression profile
after treatment.

The results of the study of FMC7 expression are
consistent with the literature data. It was shown that
patients with FMC7 expression below 30 % needed
treatment more often, in contrast to patients with
expression over 30 % [18]. In our study, on the con-
trary, the absence of FMC7 expression was noted in
groups | and Il of patients with a positive response
to RB and FCR treatment, while in group Il there was
a high expression of FMC7, which is consistent with
the data of Choi V. et al. (2021), who received similar
results to ours [19].

Further, CD11c positivity is defined as aberrant ex-
pression in CLL [20; 21]. Clinical data and prognostic
significance of CD11c in CLL are limited. A study by
Umit E. G. (2017) revealed a significant relationship
between CD11c¢ positivity (= 20 %) and time to treat-
ment [22]. According to our data, CD11c positivity
was noted in group Il patients and varies from 20.0
10 96.5 %.

C - patient M. (group IlI)

[M] CD19 ECD / CD5 PC7

[M] CD19 ECD / CD5 PC7

N: 99.58%

CD5 PC7
3
CD5 PC7

100

«(N: 98.07% N: 99.46%
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E

100 10 100 10° e
CD19 ECD
[M] CD19 ECD / CD23 PE

CD19 ECD
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Fig. 1. Results of immunophenotyping of the bone marrow of patients with CLL by flow cytometry before treatment. Dot graphs of B-CLL-
specific coexpression of CD molecules. The population of tumor B-lymphocytes is highlighted in blue: A - patient P. (group I), B - patient L.

(group II), C — patient M. (group IlI).
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Fig. 2. Results of immunophenotyping of the bone marrow of patients with CLL by flow cytometry before treatment. Dot graphs of the
expression of prognostic marker molecules. The population of tumor B-lymphocytes is highlighted in blue: A - patient P. (group 1),
B - patient L. (group Il), C — patient M. (group III).

Table 1. Expression of CD38, ZAP-70, CD11c, CD25, FMC7 on B-lymphocytes before treatment in the bone marrow

of CLL patients

Patients groups CD38, % ZAP-70, % CD11c, % CD25, % FMC7, %
I(n=2) 0 0 0 0 0-0.2
Il(n=14) 0-57.5 0 0 0.4-47.6 0-1.6
I (n=4) 57.5-69.2 36.6-48.3 20.0-96.5 69.4-92.7 13.6—88.6
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Table 2. Quantitative characteristics of MRD in the bone marrow of CLL patients at the stages of ICT

Quantitative characterization of MRD at the stages of examination

Patients groups

(% of the total residual population of CLL nucleated cells)

Day 0 (M £ m) After 3 ICT courses (M + m) After 6 ICT courses (M + m)
I(n=2) 72.4 £1.21 Q*** Qx**
Il (n =14) 86.2+1.43 0.48 + 0.13%** 0.42 + 0.09%**
I (n=4) 90.1 £1.60 33.5 £ 7.84*** 33.2 £ 8.07***

Note: NC - nucleated cells, * - statistically significant differences from MRD "day 0" in its group (p < 0.05), ** — statistically significant

differences from MRD | and II/11l groups (p < 0.05).

The expression of the CD25 antigen (the a-chain
of the IL-2 surface receptor) reflects the activated
state of the tumor lymphocyte. Shvidel L. et al. (2012)
found no evidence that this parameter alone can be
used as a predictor of overall survival or time to first
treatment [23]. In our studies, the increased expres-
sion of CD25 on tumor B lymphocytes in group lll,
along with CD38, ZAP-70, CD11c, FMC7, was accom-
panied by an unsatisfactory response to therapy.

Thus, preliminary data were obtained indicating
that the absence or increased expression of prognos-
tic markers CD38, CD25, ZAP-70, CD11c, FMC7 on
B-lymphocytes in patients at the stage of diagnosis

of CLL may predetermine the hematological response
to therapy according to RB or FCR schemes.

CONCLUSION

Initially, increased expression of all prognostic an-
tigens simultaneously: CD38, CD25, ZAP-70, CD11c,
FMC7 on the tumor population of B-lymphocytes in
patients with CLL is associated with an unsatisfac-
tory response to treatment, which seems promising
from the point of view of studying the effect of the an-
alyzed marker molecules on achieving a hematologi-
cal response at the stages of immunochemotherapy.
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