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IMMUNOPHENOTYPE OF LEUKEMIC CELLS
IN CHRONIC LYMPHOCYTIC LEUKEMIA PATIENTS
WITH NOTCH1 AND SF3B1 GENE MUTATIONS

Background. The typical chronic lymphocytic leukemia (CLL) immunophenotype is vital for diagnosis, but the
expression of some antigens varies and has prognostic value. There are data that reduced CD20 expression is associa-
ted with NOTCH1 and SF3B1 gene mutations. Aim. To determine a high-risk group of CLL patients for prediction
of unfavorable NOTCH1 and SF3B1 gene mutations based on immunophenotyping of leukemic cells. Materials and
Methods. Flow cytometric and molecular-genetic analysis (mutations of NOTCH]I, SF3B1, and TP53 genes using
the polymerase chain reaction followed by direct sequencing) was performed in a group of 86 previously untreated
CLL patients. Results. The immunophenotype of leukemic cells of all examined patients met the criteria of CLL
diagnosis. NOTCH1I gene mutations were found in 21 patients (24.4%), and SF3B1 gene mutations — in 7 patients
(8.1%). There were no TP53 gene mutations among the examined patients. A decreased number of CD20*CD5*
cells and a downward trend in the relative index of mean fluorescence intensity (iMFI) of CD20* cells were found
in patients with NOTCHI and SF3B1 gene mutations. Based on the iMFI level (higher and/or lower than 3.0) and
the number of CD20"CD5* cells among all B-cells (higher and/or lower than 50%), we distinguished CLL cases
with low and relatively high levels of CD20 antigen expression. Using ROC analysis and the parameter of low CD20
antigen expression, we could predict the presence of NOTCHI and SF3BI gene mutations in 73.3 £ 0.06% of pa-
tients (p = 0.001). The risk of NOTCHI and SF3B1 gene mutations in cases with low CD20 antigen expression was
6.96 (95% CI = 2.53—19.18; p = 0.0001). The revealed regularities were statistically significant for patients in whom
the diagnosis was established in all Binet — Rai stages except AO—AI. Conclusion. Our data confirmed a reduced
CD20 expression in CLL patients with NOTCHI and SF3BI mutations. In addition, an approach was proposed
to identify high-risk CLL patients for prediction of such mutations: previously untreated CLL patients at advanced
Binet — Rai stages (BII, CIII, CIV) with a reduced number of double-positive CD20*CD5* cells in peripheral blood
and/or low iMFI of CD20* cells.
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Immunophenotype of leukemic cells in chronic lymphocytic leukemia patients with NOTCHI and SF3B1 gene mutations

Chronic lymphocytic leukemia (CLL) of B-cell
origin is one of the most common oncohemato-
logical diseases in the adult population. CLL leu-
kemic cells are characterized by the expression of
CD5 and CD23 antigens, reduced expression of
B-cell markers (CD20, CD79b, CD79a, FMC7,
and surface immunoglobulins), antigen CD81
and common leukocyte antigen CD45 (compared
to other lymphoproliferative diseases), a high ex-
pression of CD43 and CD200 antigens, a negative
reaction with monoclonal antibodies (MoAbs)
against CD10, CD103, and CD123 antigens as
well as T-cell (except CD5) and myeloid markers
[1]. However, certain immunophenotypic features
of CLL are known. In particular, a high expres-
sion of ZAP70, CD38, and CD49d antigens and
a low expression of CD21 antigen are associated
with an unfavorable course of the disease [2—5].
In the last years, significant progress has been
made in the treatment of CLL and stratification
of patients into risk groups, which predicted the
time to the first therapy and the choice of treat-
ment approaches. A risk stratification is based on
several factors: the age of patients, the stage of the
disease and the related clinical and hematological
indicators, serum beta-2 microglobulin level, the
mutational status of immunoglobulin heavy chain
(IGHV) genes, and dell17p by fluorescence in situ
hybridization or TP53 mutation [6, 7]. More re-
cently, some specific mutations such as NOTCHI
and SF3BI further refined the current prognos-
tication system in CLL [8]. At the same time, a
significantly reduced CD20 antigen expression
was found on leukemic cells with the NOTCH1
and SF3BI gene mutations [9, 10]. The aim of
this work was to determine a high-risk group of
CLL patients for the prediction of unfavorable
NOTCH]1 and SF3BI gene mutations based on the
immunophenotyping of leukemic cells.

Materials and Methods

The data of the immunophenotyping of periph-
eral blood samples of 86 CLL patients (67 men,
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19 women) aged 56.7 + 1.88 years (median
57.5 years), which was carried out simultaneous-
ly with obtaining samples for molecular genetic
studies, were analyzed. The patients were treated
at the National Research Center for Radiation
Medicine, Kyiv, Ukraine. The study was approved
by the local Medical Ethics Committee, and all
patients gave their informed consent prior to par-
ticipation in it. The diagnosis of CLL was based
on the clinical history, lymphocyte morphology,
and immunophenotypic criteria. A stage of the
disease was established according to Rai [11, 12]
and Binet [13]. Patients were examined at diagno-
sis (71 patients, 82.5% of all examined) or before
first-line therapy (15 patients, 17.5%).

Immunophenotyping of peripheral blood cells
was performed using a direct immunofluorescence
test and the following combination of MoAbs:
CD45/CD14; CD10/CD19; CD20/CD5; CD22/
CD3; CD7/CD33; HLA-DR/CD13; CD4/CDS8;
CD19/CD23; CD25/CD38; CD3/CD16+CD56.
The MoAbs were conjugated with FITC (fluores-
cein isothiocyanate) or PE (phycoerythrin). The
study was performed on a FACSCalibur laser
flow cytometer (Becton Dickinson, USA). The
percentage of positive cells and the relative index
of mean fluorescence intensity of cells (iMFI)
were evaluated. The latter was calculated as a ra-
tio of the MFI of cells reacting with a certain an-
tibody to the MFI of the unstained cells.

The mutational status of IGHV genes, muta-
tions of NOTCHI and SF3B1 genes as well as
TP53 were determined as described previously
[14, 15].

Statistical analyses were performed with SPSS
software (version 17.0; SPSS, Inc., Chicago, IL).
All statistical tests were two-sided and consid-
ered statistically significant at p < 0.05.

Results and Discussion

The NOTCHI1 gene mutations were found in
21 patients (24.4%), and the SF3BI1 gene mu-
tations — in 7 patients (8.1%). All identified
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Fig. 1. Binet — Rai stages of examined CLL patients

NOTCHI gene mutations were represented by
typical two base pair deletion ¢.7544_7545delCT
(P2514fs*4), all SF3B1 gene mutations were
heterozygous missense substitutions. Only two
patients harbored mutations in both NOTCH1I
and SF3BI1 genes. CLL patients without the
NOTCHI and SF3BI1 gene mutations (59 cases,
68.6%) were included in group I, and 27 (31.4%)
patients with the NOTCH1I and/or SF3BI gene
mutations were included in group II. There were
no TP53 gene mutations among the examined
patients.

The frequency of NOTCHI and SF3BI gene
mutations did not differ among patients exam-
ined at diagnosis (23 of 71 patients, 32.4%) or
before first-line therapy (4 of 15 patients, 26.6%),
p=0.664.

The distribution of patients by the Binet — Rai
stage of disease was as follows: 48 patients were at
the AO—AI stage (55.8%), 29 patients had stage
BII (33.7%), and 9 patients were diagnosed at the
CIHI—CIV stage (10.5%). The mutations of both
genes were more common among patients who
were diagnosed at Binet stages B and C (Fig. 1).

Patients with NOTCHI gene mutations, in
contrast to the patients of group I, had a hig-
her initial white blood cell count, WBC (73.04 +
+ 17.6 - 10°/L vs. 35.56 + 4.75 - 10°/L, p = 0.001),
and a higher WBC at the time of exa-
mination (78.97 + 17.6 - 10°/L vs. 3574 +
+ 6.21 - 10°/L, p = 0.013). WBC at diagnosis
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(38.62 + 13.75 - 10°/L) and at the time of exami-
nation (39.14 + 13.75 - 10%/L) in patients with the
SF3B1 gene mutations did not differ from these
in patients of group I (p = 0.856 and p = 0.852,
respectively).

36 patients had mutated (M, 41.9%), and
50 patients had unmutated IGHV genes (UM,
58.1%). Most patients with M IGHV genes
(35 cases) were from group I. On the contrary,
only one patient from group II had M IGHV
genes (p = 0.0001).

The immunophenotype of leukemic cells of all
examined patients met the flow-cytometric cri-
teria of CLL diagnosis. The cells expressed CD19
antigens (65.78 *+ 2.84%; iMFI 4.38 * 0.32),
CD22 (61.77 £ 2.27%; iMFI 6.02 + 1.13), CD20
(58.81 + 2.49%; iMFI 5.66 + 0.62), CD5 (77.08 +
+ 2.34%; iMFI 7.57 £+ 0.85), HLA-DR (74.89 +
+ 1.6%; iMFI1 9.38 £ 1.16), CD23 (73.57 + 1.85%;
iMFI 7.57 £ 0.83). The mean of the CD3-positive
T-lymphocytes was 8.09 + 0.76%.

The CD38 antigen expression varied from
0.08% to 88.1% (mean 21.41 + 2.68%). The cases
with an expression level higher than 20% were
considered as CD38-positive, according to the
recommendations [16]. A high level of CD38 an-
tigen expression (= 20 %) was found in 27 cases
(31.4%): 18.75% among patients at the AO—AI
stage, 37.9% at the BII stage, and 77.8% at the
CII—CIV stage (p = 0.001). Kriston et al. [17]
showed that low CD23 antigen expression corre-
lated with high CD38 antigen expression and the
presence of trisomy 12 [17]. In the observed CLL
patients, we also found an inverse correlation be-
tween the number of CD23 and CD38-positive
cells (r = -0.274; p = 0.03). The average num-
ber of CD23-positive lymphocytes was 76.91 +
+ 1.93% among the CD38-positive cases and 66.89
+ 3.64% among the CD38-negative cases, p = 0.01.
However, iMFI of CD23 expression depending on
CD38 expression did not differ: 7.52 + 1.02 and
7.62 + 1.56, respectively, p = 0.927.

The flow cytometric data in patients with
M and UM IGHV genes were similar, except
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a higher number of CD38-positive cases: 19.4%
and 44%, respectively, p = 0.021.

The total number of B-lymphocytes (their con-
tent was evaluated as the largest percent of cells
reacting with one of the B-cell antigens, CD22 or
CD19) did not differ in patients of group I and
group II, however, leukemic B-cells differed in
the expression of some antigens.

A decreased number of double-positive
CD20*CD5* cells, a number of CD20*CD5* cells
among all B-cells, and a downward trend in iMFI
of CD20-positive cells were found in patients of
group II (Table 1). A percentage of CD20"CD5*
cells below 50% among all B-cells was detected
only in 8 patients (13.6 %) of group I compared
to 12 cases (44.4 %) in group II (p = 0.0016).
Similarly, iMFI of CD20* cells below 3.0 was
determined in 8 patients of group I (13.6%)
and 12 patients (44.4%) with the NOTCH1 and
SF3BI gene mutations (p = 0.0016).

Based on the iMFI level (higher and/or lower
than 3.0) and the number of CD20*CD5" cells
among all B-cells (higher and/or lower than
50%), we distinguished CLL cases with low and
high levels of CD20 antigen expression. 15 pa-
tients (25.4%) of group I had low CD20 antigen
expression (7 cases with low iMFI, 7 cases with
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Fig. 2. The percentage of cases with low CD20 antigen
expression among examined CLL patients according to
the Binet — Rai stage

low CD20*CD5* counts, and one case with both
features). On the contrary, 19 patients (70.4%)
of group II had either a low iMFI index (7 pa-
tients) or a reduced number of CD20*CD5"
cells (7 patients), or both signs (5 cases). The
differences between the groups were significant
(p = 0.000076). Patients with the NOTCH1 and
SF3B1 gene mutations did not differ in the num-
ber of cases with low CD20 antigen expression
(p = 0.945).

The number of CD23* cells was also reduced
in patients of group II, especially among patients

Table. Expression of some antigens in CLL cells depending on the mutational status

of the NOTCH1 and SF3BI genes

Percentage of cells and relative index of mean fluorescence intensity of cells (IMFI)
Group of pa- CD20*CD5*
tients B-cells, % | CD20*CD5*, % | among B-cells, | iMFI CD20* CD23*, % iMFI CD23*
%
I 79.88 +1.72 62.37 + 2.64 77.63 +2.62 6.29 +0.87 76.91 +4.77 7.38 £0.96
I 78.44 +2.34 50,80 + 5.3 64.95 + 6.22 4.3+£0.69 62.62 +4.73 7.18 £1.88
p 0.254 0.032 0.029 0.107 0.001 0.918
Only 76.98 + 2.81 48.99 £ 5.62 63.61 + 6.51 3.84 +£0.42 64.84 + 5.67 6.72 +£2.09
NOTCH1
mutations
Only SF3BI 79.15 + 3.65 50.77 + 9.66 62.48 +9.39 4.69 +2.44 54.46 + 3.89 8.1+3.72
mutations
p 0.504 0.401 0.819 0.284 0.002 0.945
ISSN 1812-9269. Experimental Oncology 45 (3). 2023 325
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with the SF3BI1 gene mutations (Table); howe-
ver, we could not determine the cut-off by which
these groups of patients would probably differ.
Using the ROC analysis and the parameter
of low CD20 antigen expression, we could pre-
dict the presence of NOTCHI and SF3BI gene
mutations in 73.3 + 0.06 % patients (area under
the curve is 0.733, 95% CI within 0.615—0.852;
p = 0.001). The risk of the NOTCH1 and SF3B1
gene mutations in cases with low CD20 anti-
gen expression was 6.96 (95% CI = 2.53—19.18;
p=0.0001), only the NOTCH1 gene mutations —
7.33(95% CI =2.41—22.32; p = 0.0001), only the
SF3B1 gene mutations — 7.32 (95% CI = 1.28—
36.06; p = 0.023). As mentioned above, patients
with the NOTCH1 and SF3BI gene mutations
were diagnosed in a more advanced Binet — Rai
stage. The revealed regularities were statistically
significant for patients in whom the diagnosis
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JepxaBHa ycTaHOBa "HalioHa/mbHWIT HAYKOBMII LIeHTP pafiialliiiHol MefIIMHI
HaunionanpHoi akagemiil MegyHyx HayK Ykpainu', Kuis, Ykpaina

IMYHO®EHOTUII IEVMKEMIYHNMX KAITUH Y XBOPUX HA XPOHIYHY
JIIMOOLIUTAPHY JIEVIKEMIIO 3 MYTALIIAIMU TEHIB NOTCH1 TA SF3BI1

CraH nuTaHH:A. BusHavyeHH:S TUIIOBOrO iIMyHO(EHOTUITY KIITUH IPK XpOHiuHiil riMporurapHiit neikemii (XJUI)
€ OCHOBHMM 3aBJaHH:AM JI/I IIOCTAHOBKU [IiaTHO3Y, OJJHAK €KCIIPeCis OKpEMIX aHTUT€HIB BapiIo€, 1110 Ma€ IIPOTHOC-
TUYHe 3Ha4eHHs. € faHi o0 3HIDKeHHA eKcrpecii aHTureny CD20 3a HasBHOCTi MyTauiit reniB NOTCH1 i SF3B1.
Merta poboru: BUsHaunTH Ipymy pusuky xsopux Ha XJIJI mono HasBHOCTI HecnpuaTnBux myTaniit NOTCHI1
i SF3BI na nifictaBi imyHOeHOTHITYBaHHA KIiTHH. MeTogu. Y rpymni 86 panim HenikoBaHux xsopux Ha XJIJI mpo-
BeJleHO iIMYHO(EHOTUITYBaHHA MeTOJIOM IIPOTOKOBOI LIMTOMeTPpil Ta BU3HaueHHA MyTauiit renis NOTCHI, SF3B1
i TP53 MeTOnOM NOJIMepPa3HOI JTAaHIIOTOBOI peakllii 3 HACTYIIHUM CeKBeHyBaHHAM. Pesynbraru. IMyHodeHOTHUIT
JefiKeiMYHNX K/ITVH y BCIX XBOPMX BiflloBifaB Kputepisam moctaHoBku fiarHosy XJIJI. Myranii rera NOTCHI
BusiBIeHi y 21 xBoporo (24,4%), myTauii rena SF3BI - y 7 xBopux (8,1%). Myrauii rena TP53 6ynu Bigcyri. s
xBopux 3 MyTanisivu reriB NOTCH1 i SF3BI1 6ynu xapakTepHUMM 3HIDKEHHS Kimpkocti CD20*CD5* kyiTiH Ta TeH-
menuis go sHmwkenHs iMFI CD20* knitus. basyrouncs Ha nokasuukax iMFI (Buie Ta/a6o Hipkde 3,0) Ta KiTbKOCTI
CD20*CD5* xnitus cepep, B-nimdounrtis (Buine ta/abo Hyxde 3a 50%), mu Buginyan Bunanky XJIJ1 3 HUSbKUM
Ta BiTHOCHO BUCOKMM piBHeM ekcnpecii CD20 anTtureny. Bukopucrosyroun ROC anasis Ta mapameTp HM3bKOI eKC-
npecii CD20 aHTUreHy, My 3MOI/IM Ilepef6adnTy HasABHicTh MyTanii renis NOTCH]I i SF3B1y 73,3 + 0,06% xBopux
(p =0,001). Pusuk HasBHOCTI MyTanii renis NOTCH]I i SF3B1 y Bunajkax 3 HM3bKIM piBHeM eKCIIpecil aHTUTeHy
CD20 cranoBuB 6,96 (95% CI = 2,53—19,18; p = 0,0001). 3axoHoMipHOCTI Oy 3HAYYIIVMI /11 XBOPKX Ha Pis-
Hux cragiax XJUI, kpim crapiit AO—AI BucHoBok. OTpyuMaHi JjaHi MiATBepANIN 3HIDKEHHS eKCIIpecil aHTUreny
CD20 y xopux Ha XJIJI 3 myranisamu renis NOTCHI i SF3B1. Kpim Toro, 3alIpoIIOHOBAHO IiXif 71 BUSHAUEHHS
XBOPMX IPYIHU BICOKOTO PM3UKY IIOZIO MepefOadeHHs HasABHOCTI IPOTHOCTIYHO HECIPUATIMBUX MYTallill reHiB
NOTCHI i SF3B1. Il rpyna BK/IIOYa€e paHill HeMiKOBaHMX XBOPUX Ha posropHyTux cragisx XJUI (BII, CIIL, CIV
3a Binet — Rai) 3i sHyKeHOM0 KinmbkicTio CD20*CD5* xnitis B neprdepnyHilt kposi Ta/a6o HnsbkuM piBHeM iMFI
CD20" xmitnH.

Kimrouosi cnoBa: xponivna niMmdonnrapHa neiikemis, myTauii reais NOTCHI i SF3B1, CD20"CD5* xnitunm.
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