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ABNORMALITIES OF CENTROMERES AND CARCINOGENESIS OF NON-
HODGKIN'S LYMPHOMA IN CHILDREN

ONUFRIIEV OLEKSANDR, SIRENKO ARTUR

Abstract. This article presents the results of long-term studies (1991-2023) of the relationship between
abnormal behavior of the centromere, in particular, the phenomena of premature centromere division of
metaphase chromosomes (PCD) and premature anaphase of metaphase chromosomes (C-anaphase), and
the pathogenesis of non-Hodgkin lymphomas (NHL) in children. 17 children with B-form non-Hodgkin's
lymphoma were studied before the start of treatment in the first acute period. The studies were aimed at
the manifestation and levels of these phenomena during the first acute period of B-form non-Hodgkin's
lymphoma in peripheral blood and bone marrow cell culture in children. The study found compelling
evidence, supported by statistical analysis, indicating that C-anaphase occurs with an extremely high
frequency in children diagnosed with non-Hodgkin's lymphoma, both in the bone marrow and in the
peripheral blood. C-anaphase levels in children with non-Hodgkin's lymphoma were 51.27 + 1.99% in
peripheral blood and 67.47 +2.19% in red bone marrow. At the same time, this phenomenon did not occur
at all in the control group - normal healthy donors and healthy children neither in the peripheral blood
nor in the red bone marrow (0%). These data allow us to propose the use of C-anaphase as an additional
diagnostic criterion for the detection of non-Hodgkin's lymphoma, especially in the early stages of the
disease. Further study of the mechanisms underlying centromere abnormalities may reveal new
mechanisms of the appearance, development and pathogenesis of non-Hodgkin's lymphoma, paving the
way for targeted therapeutic interventions and personalized treatment strategies, and elucidate the
mechanisms of new forms of programmed cell death in various pathologies. Our studies allow us to draw
a conclusion about the relationship between centromere abnormalities and the pathogenesis of non-
Hodgkin's lymphoma, about the importance of determining the level of C-anaphase as a diagnostic
indicator, and its potential role in the study of both pathogenesis and clinical practice related to this
hematological malignancy.
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1. INTRODUCTION

Non-Hodgkin's lymphoma (NHL) are group of oncological diseases of the blood — forming
system, the cancer cells of which are developed from lymphocytes. In lymphomas, a clone of
oncotransformed lymphocytes spreads through the lymphatic system forming a tumor mass. At the
same time, this malignant clone can enter the red bone marrow leading to the leukemisation of
lymphoma. Among lymphomas, Hodgkin's disease is distinguished with specific Reed-Sternberg
giant cells and non-Hodgkin's lymphoma. In the four main forms of non-Hodgkin's lymphoma,
60 main types of lymphomas are identified [18]. Each type includes indolent, aggressive and highly
aggressive forms. Although medicine has made significant progress in the treatment of non-
Hodgkin's lymphoma over the past decades, non-Hodgkin's lymphoma still remain a difficult and
complex medical problem. The question of early diagnosis and the problem of carcinogenesis of
non-Hodgkin's lymphoma is crucial. Carcinogenesis of non-Hodgkin's lymphoma may involve
chromosomal mutations, including translocations such as t(8;14), t(2;8), t(8;22), etc. [2, 10, 13, 17, 18].



97 Onufriiev Oleksandr, Sirenko Artur

Our work is devoted to finding new diagnostic criteria for non-Hodgkin's lymphoma and
investigating the connection between centromere abnormalities — the phenomena of premature
centromere division of metaphase chromosomes (PCD) and premature anaphase (C-anaphase) and
the pathogenesis of non-Hodgkin's lymphoma. The molecular mechanisms and biological
significance of these phenomena have not yet been investigated, although these phenomena were
described as early as the 1960s, for some time these phenomena were considered to be the effect of
cell culture, but then it was discovered and demonstrated in many works that these phenomena are
associated with oncological diseases, including acute myeloblastic and lymphoblastic leukemias [11]
and a number of other pathologies, in particular, anemias of various genesis, Alzheimer's disease [9,
16], etc. Today, it is believed that these phenomena are not accidental and are related to the
pathogenesis of various pathologies [11, 12, 14].

2. MATERIALS AND METHODS

A study of 17 children with non-Hodgkin's lymphoma, aged from 2 to 17 years, was conducted.
All patients suffered from the B-form of non-Hodgkin's lymphoma, with one patient experiencing
leukemization. Among the patients, 14 were male and 3 were female. There were most patients in
the age group from 11 to 14 years — 10 in number. The research focused on patients from the Lviv
Regional Children's Specialized Hospital. It was in 1991-2023.

Fig. 1. The phenomenon of C-anaphase in peripheral blood cells of a patient with non-Hodgkin's lymphoma

Chromosomal preparations of peripheral blood and bone marrow cell cultures were examined.
Cell cultures were establised using standard media, including Eagle's medium and RPMI-1640 from
“Life Technologies” and “Sigma”, fetal bovine serum from “Biomark Ink,” and L-glutamine from
“Sigma”. Peripheral blood cells were stimulated with phytohemagglutinin (PHA) from Difco. When
red bone marrow cells were cultivated, no mitogen was added. Cells were cultured for 72 hours at a
temperature of 37°C, treated with a hypotonic solution of KCl, and fixed with a mixture of ethanol
and acetic acid (3:1).
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Chromosome preparations were routinely stained with Giemsa stain. They were analyzed
microscopically using a Leitz microscope. Blood and bone marrow donors who underwent
examination were used as a control group. The phenomenon of PCD is defined as a phenomenon
in which from 1 to 10 chromosomes per cell show premature centromere division. And C-anaphase
refers to a phenomenon in which all chromosomes of a cell show premature separation (Fig. 1). [5,
7,1,3,4,7].

3. RESULTS AND DISCUSSION

There were observed high levels of the premature centromere division (PCD) phenomenon in
patients with B-form of non-Hodgkin's lymphoma. In peripheral blood cells, the average was 6.13 +
1.25%, in bone marrow cells it was 6.87 + 0.74%. This statistically significantly different from the
levels of PCD in the control group: for peripheral blood on average 1.7 + 0.3%, for bone marrow
3.0 + 0.3%. An abnormally high level of C-anaphase was found in patients with non-Hodgkin's
lymphomas: 51.37 + 1.99%, and in the culture of red bone marrow cells it was 66.47 + 2.19%, while
in the control group the phenomenon of C-anaphase was entirely absent (0%) both in peripheral
blood cells and bone marrow cells (Tables 1, 2, Fig. 2).

Tab. 1. Average frequency of PCD and C-anaphase in non-Hodgkin's lymphomas and in the control group. NHL -
non-Hodgkin's lymphoma; PB — peripheral blood; BM - bone marrow; PCD - premature centromere division

No Diagnosis PCD (%) C-anaphase (%)

PB KM PB BM

1. Control group 1,7+0,3 3,0+0,3 0 0
nHL 6,13+ 1,25 6,87 +0,74 51,27 +1,99 66,47 +2,19
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Fig. 2. Levels of PCD and C-anaphase in patients with NHL and in the control group
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Clinical indicators of patients with non-Hodgkin's lymphoma are shown in tables. 2, 3.
Correlation analysis showed no correlation between the phenomena of PCD and C-anaphase,
between these phenomena and clinical parameters (levels of leukocytes, hemoglobin, platelets in the
blood) in patients with non-Hodgkin's lymphomas. The results of the correlation analysis are
presented in Figures. 3-7. The correlation between various clinical parameters of patients with NHL
(including the levels of leukocytes, hemoglobin level, etc.) and the phenomena of PCD and C-
anaphase was investigated. No correlation was found between these indicators. Only a correlation
was found between the level of PCD in peripheral blood and the level of leukocytes in peripheral
blood (r = 0.850) (Fig. 8, 9).However this correlation, both linear and non-linear, is due to the process
of leukemia in one of the examined patients. Obviously, the phenomenon of PCD is seen to a greater
extent in malignant cells that enter PB and BM during leukemization. The studied correlation
between the level of PCD in the bone marrow (BM) and this indicator in peripheral blood: r =-0.193
— there is no correlation. The explored correlation between the level of C-anaphase in PB and BM: r
= 0.306 — there is no correlation. Also, no correlation was found between the levels of PCD and C-
anaphase in peripheral blood: r = 0.324.

Tab. 2. The frequency of PCD and C-anaphase phenomenon in the peripheral blood and bone marrow of children
with non-Hodgkin's lymphoma (NHL)

No Patient Sex A form | Blastin PCD C-anaphase
of nHL PB (%) (%) (%)

PB BM PB BM
1 BL J B 0 7 9 51 68
2 TE J B 0 12 8 42 63
3 PA J B 3 5 35 72
4 MA J B 81 21 2 65 84
5 TO d B 0 5 8 52 61
6 CL d B 0 5 7 49 55
7 DD Q B 0 9 11 54 68
8 KT J B 0 3 7 59 72
9 RV J B 0 4 5 41 54
10 LO J B 0 2 7 59 51
11 TV Q B 0 4 12 48 69
12 LV d B 0 5 7 55 72
13 KN Q B 0 4 3 57 68
14 MK d B 0 5 9 50 69
15 PR d B 0 3 3 52 71
16 NV d B 0 7 8 57 72
17 MR d B 0 5 4 45 60

Average value 5,4 6,13 6,87 51,27 66,47
Std. Err. 125 | £0,74 | £1,99 | 2,19
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Fig. 3. Correlation analysis of the relationship between PCD levels in the peripheral blood and C-anaphase in the
peripheral blood of children with non-Hodgkin's lymphoma. No correlation (r = 0.324)
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Fig. 4. Correlation analysis between PCD levels in peripheral blood and hemoglobin levels in the blood of patients
with non-Hodgkin’s lymphoma. No correlation (r = —0.225)
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Fig. 5. Correlation analysis between PCD levels in peripheral blood and platelet levels in peripheral blood of
patients with non-Hodgkin's lymphoma. No correlation (r=-0.451)
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Fig. 6. Correlation analysis between C-anaphase levels in peripheral blood and hemoglobin levels in the peripheral
blood of patients with non-Hodgkin's lymphoma. No correlation (r =—0.047)
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Fig. 7. Correlation analysis between the levels of C-anaphase in the peripheral blood and the levels of leukocytes in
the peripheral blood of patients with non-Hodgkin's lymphoma.No correlation (v = 0.524)
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Fig. 8. Correlation analysis between PCD levels in peripheral blood and leukocyte levels in peripheral blood of
patients with non-Hodgkin's lymphoma. Correlation is present due to 1 patient with leukemization (v = 0.850)



103 Onufriiev Oleksandr, Sirenko Artur

Scatterplot (Spreadsheet1 11v*19c)
Leu. = 13,1933-1,9969*x+0,1843*x"2
60 : . | . .

50

40 ¢

30t

Leu.

20t

10 +

0 2 4 6 8 10 12 14 16 18 20 22
PCD PB

Fig. 9. Nonlinear (polynomial) correlation analysis between PCD levels in peripheral blood and leukocyte levels in
peripheral blood of patients with non-Hodgkin's lymphoma

Tab. 3. Clinical indicators of the studied patients with non-Hodgkin's lymphoma (NHL). Hb. — hemoglobin; Leu. -

leukocytes; Tr. - thrombocytes

No Patient Sex A form Hb. Leu. Tr.
of nHL (g/a) (thousand/mm®) | (thousand/mm?3)

1 BL d B 89 10 156
2 TE d B 91 8 192
3 PA o B 73 6 240
4 MA o B 69 54 94

5 TO d B 98 4 140
6 CL d B 80 7 125
7 DD Q B 91 11 247
8 KT d B 75 9 155
9 RV d B 76 7 189
10 LO d B 20 5 278
11 TV Q B 96 8 290
12 LV d B 85 10 248
13 KN Q B 71 9 201
14 MK d B 82 12 110
15 PR d B 101 13 290
16 NV d B 87 14 217
17 MR d B 81 8 176

Average value 84,47 11,53 1970
Std. Err. +2,64 +3,10 +17,04
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The obtained results suggest that the phenomena of PCD and C-anaphase are distinct
phenomena and play different roles in the pathogenesis of oncological diseases in general and
lymphoma in particular. Based on the obtained results, we do not exlude the possibility that the PCD
phenomenon and the C-anaphase phenomenon can be generated by the body itself in response to
the appearance of oncotransformed cell clones. The correlation between leukemization and PCD
levels in peripheral blood suggests that the phenomenon of PCD is more specific to oncotransformed
cells than to normal blood cells.

4. CONCLUSIONS

1. The phenomena of C-anaphase and PCD could be used as an additional nonspecific criterion
for non-Hodgkin's lymphoma in children.

2. The phenomena of C-anaphase and PCD have a different nature and play a fundamentally
different role in the pathogenesis and course of non-Hodgkin's lymphoma.

3. The proposed new diagnostic marker of non-Hodgkin's lymphoma - C-anaphase is not highly
specific.

4. The phenomenon of PCD is more characteristic of oncotransformed cells than of normal blood
cells.
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Oaexcanap Onydpies, Aptyp Cipenko. AHOMaJii IIeHTpoMep Ta KaHIJepOoreHe3 HeXOAKKiHChKIX AiM(pOM y
airent. XKypnaa Ipuxapnamcviozo yrisepcumemy imeni Bacurs Cmegarura, 10 (2023), 96-106.

Y miit cratTi HaBedeHi pesyabTaTy OaraTopiuHmUX Aocaigxkens (1991-2023) 353Ky MiXXK aHOMaAbHOIO
IIOBEAIHKOIO IIeHTpOMepH, 30KpeMa, (peHOMeHaMU IIepejuyacHOro po3AideHHs ILieHTpoMep MeTadasHMX
xpomocom (ITPLI) ta mepeadacHoo aHadasoro MertadasHmx xpomocoMm (C-anadasoro), Ta IaTOreHe30M
HeXOAXKKIiHCBKMX aiMpom (HXA) y aiteir. docaiaxeno 17 xsopux aiterr Ha B-popmy HexoaXKiHCBKOI
2AiM¢poMH 40 TTOYATKY AiKyBaHH:A B IIEPIIIOMY roCTpoMy nepiogi. docaiaxeHH: OyAu ClIpsAMOBaHi Ha ITPOsIB Ta
piBHI nux ¢eHOMEHIB ITi4 Yac Ieporo rocrporo mnepiogy B-¢popmm Hexoa>xkiHCbKOI AiMpOMU B KyABTYpi
KAiTHH nepudepiitHOl KpoBi Ta KiCTKOBOTO MO3KY y aireit. JocCaAiA>KeHHs BUABUAO IlepeKOHAMBI (paxTy,
MiATBEpAKeHi CTaTMCTMYIHUM aHaAi3oM, SIKi BKa3yIOThb Ha Te, mo C-aHadpasa IPOABAIETHC 3 HaA3BIUIAIHO
BIICOKOIO 4acCTOTOIO y JiTell 3 AiaTHO30M HeXOAXKKiHCbKa AiMdoMa fAK B KiCTKOBOMY MO3Ky TaK i B
nepudepirtuin xposi. Pisui C-anadasu y Aitelt XBOpUX Ha HEXOAKKIHCBKY AiMomy ckaagaan 51,27 +1,99 %
B nepudepiliHiit Kposi Ta 67,47 + 2,19% B 4epBOHOMY KiCTKOBOMY MO3KYy. Y TOJI Ke 4ac Iieli (peHOMeH He
3ycTpivaBcsa B3aradi B KOHTPOABHIM TpyHi — HOpMaAbHMX 340pPOBMX JOHOPiB Ta 3A0pPOBMX AiTell Hi B
nepudepiriHiil KpoBi, Hi B 4epBoHOMYy KicTkoBoMy MO3Ky (0%). Lli aaHi 403BOASIOTH IIPOIIOHYBATH
pukopucranua C-aHadasu sAK 404aTKOBOTO AiaTrHOCTMYHOTO KPUTEpPil0 AAs BUABAEHHS HEXOAKKiHCBHKOI
AiM¢omu, 0co0AMBO Ha paHHIX CTaaisix 3axBoproBaHH:. [104abIlle BMBUEHHS MEXaHi3MiB, 1110 Z1€>KaTh B OCHOBI
aHOMaAill IeHTPOMEePHU, MOXYTh PO3KPUTU HOBi MeXaHi3MM I10sIBYM, PO3BUTKY i ITaTOreHe3y HeXOA KKiHChKOI
aimdomu, MpoKAajaloun MIAAX 4451 IiAeCIpsAMOBaHNX TepalleBTUMIHIX BTPYJaHb Ta ITe€pCOHAAi30BaHIX
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cTpaTerili AiKyBaHH: Ta BMACHUTM MeXaHi3MM HOBUX (OPM 3aIllpOrpaMoOBaHOI CMepTi KAITMH HpM Pi3HMUX
rarosorisax. Harmmi agocaigsxeHHSI A403BOASIOTH 3pOOMTH BUCHOBOK IIPO B3a€MO3B 3K MiXX aHOMaAisIMmu
LIEHTpOMepM Ta IIaTOTeHe30M HeXOJ KKiHCBhKOI AiMpOMM, TPO Ba’KAMBiCTh BU3Ha4ueHH: piBHsA C-aHadasn sAK
AilarHOCTMYHOIO IIOKa3HIKa, Ta Il IIOTeHLiIHy POAb Y A0CAiAKeHi sIK IlaToreHe3y, Tak i KAiHIYHOI IpaKTUKH,
TOB’s13aHOI 3 1M I'eMaTOAOTiYHMM 3A05KiCHUM HOBOYTBOPEHH M.

Karodosi caosa: HexogxkiHcpKa aimpoma, C-anadasa, epeguacHe posaideHHs IjeHTpoMep, MeTadasHi
XpPOMOCOMM, KAITMHI 4epBOHOTO KiCTKOBOTO MO3KY, KOpeAsLiliH1II aHaAi3.



