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Introduction. The type of cancer called Chronic Lymphocytic Leukemia (CLL)
affects the blood and bone marrow. It is characterized by an accumulation of mature
lymphocytes with a specific appearance. The unusual build-up can be found in different sites
including bones, blood vessels, and glands harboring white cells known as lymph nodes.
While it develops slowly over time without obvious signs or symptoms for many patients
until later stages. This means that diagnosis often occurs only when already advanced which
limits treatment. First-hand observation during medical appointments becomes less effective
at diagnosing CLL compared to other cancers due to its slow pace. Fatigue alongside weight
loss could suggest an advancing disease stage given these are common indicators thereof
along with swollen tissues increasing risk from infections leading to death. [1]

When it comes to CLL treatment, various factors are taken into account before
deciding on the best course of action. These include disease progression stage, symptom
manifestation and overall patient health status. [1] The available treatments consist mainly of
chemotherapy sessions or immunotherapy alongside targeted therapy options as well as stem
cell transplantation consideration when necessary. [1] In addition, younger patients are
ternative methods. [2]

The use of miRNAs in the development and advancement of CLL diagnostic and
prognostic tools is a promising field. MiRNA is linked to disease progression, phase
identification, and treatment response prediction. The diagnostic capability and prognostic
potentialities coupled with therapeutic targeting signify that miRNAs remain critical.
Complete understanding regarding exact miRNA functions within can only occur via further
research initiatives aimed at producing effective therapies relying on miRNAs as biomarkers
for both predictive analysis purposes and direct interventions against CLL cases.
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Dysregulation of miRNAs in CLL

New findings indicate that dysregulation of several miRNAs is present in CLL, and
these are believed to contribute to the pathogenesis of the disease. MiR-155 has been
discovered as frequently overexpressed within patients with CLL, thus it promotes B-cell
survival whilst encouraging proliferation. [3] Furthermore, when observing trends across
patient groups regarding their response rate towards treatment, correlating data pointed out a
significant downregulation of mir29c which could depend on stage progression according to
Bulik-Sullivan (2021). [4] Another factor involves immune the response regulator -mirl46a-
, 1t is under-expressed among patients where reduction implies worsening conditions
prognoses. [5] Table 1 shows mechanisms of dysregulation, associated proteins as well as the
role of this processes in CLL formation.

MiRNAs can be implemented as biomarkers for diagnosing and predicting the
prognosis of CLL. MiRNAa exhibited substantial accuracy in distinguishing patients with
CLL from healthy individuals through the assessment of serum levels regarding miR-155 and
miR16-5p. [6] Furthermore, high expression rates concerning biological miR-155 mark
unfavorable outcomes whereas low readings associated with clinical specimens like mIR150
stand linked to disease progression, therefore making them potential prognostic biomarkers.
[7].

Moreover, miRNAs’ potential for therapeutic intervention has been recognized.
MiRNA-based treatments, comprise analogs of tumor-suppressing molecules and inhibitors
to curb oncogenic ones. Both chemotherapy and an inhibitor of the miR-19b molecule
optimize outcomes for patients with CLL. [8].

Table 1. MiRNAs involved in dysregulation and their roles in chronic lymphocytic
leukemia

Mechanism of] Refere
miRNA Dysregulation Associated Protein(s) |[Role in CLL nce
ATM, TP53.|Regulation of DNA damage response and
miR-181a Downregulation |[BCL2L1 apoptosis E
TPS53INPI1, PI3K,|Promotion of cell survival and
miR-155 Upregulation AKT proliferation [10]
NOTCHI, BCL2,|[Regulation of apoptosis and
miR-34a Downregulation |[BCL-XL chemoresistance f11]
Promotion of cell survival and
miR-21 Upregulation PDCD4,PTEN proliferation 12]
Regulation of the NF-xB pathway and
miR-146a Upregulation TRAFG6, IRAK 1 inflammation 113]
Regulation of apoptosis and cell cycle
miR-29b Downregulation [MCL1, TCL1, BCL2 |progression 14]
miR-15a/16-1 |[Downregulation |BCL2 Regulation of apoptosis 15]
TCL1, MCL1, BCL2,|Regulation of apoptosis and cell cycle
miR-29¢ Downregulation |[CDK6 progression 16]
Regulation of apoptosis and drug
miR-181b Downregulation |[NF-xB, BCL2, MCLI1 [resistance 117]
TCL1, MCL1, BCL2,|Regulation of apoptosis and cell cycle
miR-29a/b-1 |Downregulation |CDK6 progression [18]
PTEN, CDKNI1B, |Promotion of cell survival and
miR-221/222 |Upregulation CDKNI1C proliferation 19]
Regulation of the NF-xB pathway and
miR-146b-5p |Upregulation TRAFG6, IRAK1 inflammation 20]
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Epigenetic regulation leading to altered expression of miRNAs

The miRNA expression in CLL is attributed to epigenetic regulation. This process
involves modifying DNA methylation and histone modifications, which affects how
transcriptional machinery accesses the gene promoters responsible for producing miRNAs.
Abnormal alterations are frequently associated with dysregulated miRNAs observed in CLL
patients. Wang (2019) demonstrated that CLL cells' promoter regions for miR-34b/c and
miR-127 were hypermethylated, resulting in their downregulation. [21] D'Arena (2018) also
found that treatment with the DNA methyltransferase inhibitor 5-aza-2'-deoxycytidine
resulted in the upregulation of miR-29b and miR-34b/c in CLL cells. [22]In addition,
modifications made to histones could play a role in controlling miRNA activity within CLL.
Researchers D'Arena (2020) found an abundance of H3K9 methylation on the regulating
regions for both miR-29b and miR-34b/c located inside cancerous cells of patients with CLL
which ultimately led to their decrease in function. [23] A study by Wang (2021) reported that
the use of panobinostat as a treatment resulted in boosted expression levels for miR-29b and
miR-34b/c. [24] This is largely due to panobinostat blocking properties against HDACs
prompting upregulation signals specifically targeting miRNA molecules localized within
malignant B-cells associated with CLL cases. Epigenetic modification related to the
disruption of miRNA may be caused by alterations in DNA methylation and histone
modifications, which have been identified as contributing factors within CLL. This has
implications for potential treatments targeted at addressing this ailment with greater precision
than protocols currently available.

Alterations in the biogenesis pathway of miRNAs

New research has unearthed that changes made to the miRNA biogenesis pathway
may cause immoderate expressions of miRNAs in people suffering from CLL. This network
comprises several enzymes and protein functions which include processing and maturing
miRNA. Levels of the Dicer enzyme, which is involved in miRNA processing, were lower
in CLL cells than they are typically found to be within normal B cells. This resulted in a
reduction of produced miRNAs. [25] In contrast, Drosha expression levels, an additional
enzyme concerning RNA interference processes, were downregulated among CLL cells when
compared with regular blood cells. Consequently giving rise to abnormal production during
these processes potentially leading to disease progression as per Li (2020). [26] Moreover,
modifications in the degree of expression for additional proteins associated with miRNA
generation have been connected to CLL. For example, deregulated levels of AGO2, which is
a protein responsible for both binding and action regarding miRNA, were discovered within
CLL cells, which may lead to changes in regulation by miRNAs. [27] The mishandling of
miRNA biogenesis pathways can be attributed to abnormal expression observed in CLL and
might play an essential role in disease progression.

Dysregulation of transcription factors in expression of miRNA

Dysregulation of transcription factors may result in abnormal levels of miRNAs in
CLL. For instance, the case of MYC which is an oncogene with a significant function in the
development of CLL by controlling the production levels of miRNA. [28] MYC can bind to
various promoters for different kinds of miRNAs: miR-17-92, miR-106b-25, and miR181al.
MYC plays a role in moving miRNA overall expression upwards within patients who have
been diagnosed with CLL. [29] Research conducted by Chen (2019) has identified TP53,
STAT3 and NF-kB as some of the factors that contribute to the dysregulation of miRNAs in
CLL. [30] Lai's (2020) findings show a correlation between disease pathogenesis and
downregulated expression of miR-34a regulated by tumor suppressor gene TP53. [31]
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Additionally, expressions of various RNAs concerning CLL such as miR-155 and miR-21
can be modulated through both STAT3 and NF-kf signalling pathways. [32]

Altered signaling pathways’ influence on expression of miRNAs

Changes in signals such as the B-cell receptor (BCR) pathway can have an impact on
miRNA levels found in CLL. This signaling pathway is crucial to the lifespan and increase
of CLL cells- mistiming within it contributes towards its development. [33] Further miRNAs
have been noted to regulate BCR receptors in the context of CLL's pathogenesis. [34] The
mechanism of regulation involves the process of targeting proteins such as BTK kinase with
mir-150. [35] Similarly, BLNK, necessary for proper functioning, is being targeted by
miRNA, in particular MiR29b. [36]

Influence from the tumor microenvironment on miRNA expression

MiRNA expression in CLL can be influenced by the tumor microenvironment.
Changes to miRNA levels may occur as a result of interaction between stromal cells and CLL
cells within this environment, ultimately impacting response to therapy and disease
progression. MiR-21 expression is induced in mesenchymal stem cells by CLL cells, thus
there is an increased survival of CLL cells and formation of resistance towards chemotherapy.
[37] Concurrently, bone marrow stromal cell interaction with CLI results in the
downregulation of tumor suppressor miRNAs such as miR-15a and mir16-1. MiR-15a and
mirl6-1 are regulators of anti-apoptotic protein Bcl2's expressions. [38] In addition, the
environment surrounding cells can impact miRNA expression by releasing cytokines and
chemokines. In stromal cells within the environment producing interleukin-6 (IL-6), a
cytokine stimulating CLL cell expression for miR-21 and miR181a. This process strengthens
cell survival as well as resistance against chemotherapy. [39]The microenvironment where
tumors form has an essential part in miRNAs that are regulated in CLL. The connection and
mutual effects of CLL cells with stromal as well as secreting distinctive cytokines and
chemokines can cause changes in miRNA expression which could influence disease
advancement alongside its response rate towards medical treatments.

Conclusion. CLL pathogenesis and progression are significantly influenced by
miRNA dysregulation. The regulation of miRNAs is a complicated process that involves
epigenetic modifications, biogenesis pathway alterations, transcription factor derailment as
well as effects from the tumor microenvironment on signaling pathways. Identifying these
mechanisms is vital in developing efficient therapies with miRNAs while disclosing
diagnostic markers for CLL prognostics. Research needs to be conducted to make further
progress in understanding how important controlling miRNA can be clinically beneficial
towards treating patients with CLL.
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Kamnye —  nuddepeHnupienren  skacymainapfJaH — TYpaThlH  TiHICPAIH
yibIMIacThIpbUIMaral Maccachl. Kaymyc yimacel oieTTe TiHAEpIiH 3aKbIMIaHy OPHBIHIA
naiina Oonazabl KOHE >KapaHbl KOpPFayAbl KaMTamachl3 €Tell, COHbIMEH Karap >KOFajFaH
OpraHHBIH KaJIIIbIHA KeNTy1He KQXKETTI KOPEKTIK 3aTTap/IbIH )KUHAKTATYbIH KaMTaMachl3 eTe/i
[1]. KammycTsl op TYpai 3KCIIaHTTapaH (TaMblp, ©pKEH, TO3aH JKaIbIpaKTapbl, YHI0CIICPM)
anmyra Oomanel. Kamry3oreHe3miH THIMAUITT TYPAIH epEKIIeNiKTepiHe, OCIMIIKTIH
(GU3MONOTHSIIBIK JKaFJaiiblHa, ASKCIUIAHTTBIH TYpiHE >KOHE OHBI ©cipy JKarnailiapbiHa
OaiimanpicTel. Kasmy3orenes asrmocnepmaepre jae, THMMHOCIEpMIEpre e, COHIai-ak
NarlopOTHUKTEPre, MYKTepre >xoHe OaybIpiactapra ToH [2]. KocxkapHakThl ecimaikTep
Oip>KapHaKThbUIApFa KaparaHAa KaJUTyCThl KapKbIHABI TypAe Ty3eli. ['eHoTuntep MeH
ONapIIbIH KaJUTy30T€He3re KaOUISTTUTITIHIH aWbIpMalIblIbiFel OaiiKanael. JKac TiHaepre
YJIKeHAepTe KaparaHaa KeOipeK apThIKIIBLUTBIK Oepisie . DKCIIaHTTHIH MOJIIIIepi MEH MillliHi
epekiIe MaHbI3bl emMec. JlereHMeH, KeMy 3KCIUIAHTTBIH ©CYiH TYIbIPMAWThIH MUHUMAJJIbI
KPUTHKAJIBIK eeM 6ap [3].

TambIplaH HeMece >KanblpaKTaH allbIHFaH JKacylla TyTac OCIMIIKTI Kypauabl.
Kamtyctan TONBIKKaHABI ©CIMIIKTEPAIH pPEereHepaIisaCchiH €Ki KOJIMEH anajibl: IMTOKUHUH
MEH ayKCHH TOPMOH/IapbIHBIH KAThIHACBIHBIH ©3repyiHe OaiIaHbICThl O©PKEH MEH TaMbIPBIH
muddepeHanusIanysl HeMece 3MOpUOMATapAbIH TY3UTyl apKbuibl. bysl coMaTHKaIbIK
sMmOpuorenes anram pet 1959 xputbl cobizne OaliKanabl; yakbIT ©Te Kele apTypii TypAeri
OMIpIIICH OCIMAIKTEP Il OHIIPY/Ie KOJaHblIa OacTamsl [4].

KyJabTHBHpJIEyTre apHAJIFaH KOPEKTIK OPTAJapbIHbIH KYPaMbl

XKacymra xoHe yimna JakbUIAAPBIH ©Cipy YIIiH KOPEKTIK OPTaHbl JaibIHAAy KasKeT.
OciMIik 00BEKTIEepiH in Vitro ecipyre apHairaH OyJl OPTaHBIH KOMIIOHEHTTEPIH 5 TomKa
Oemyre OoJIasbI:

MaKpOHYTPHUEHTTEP;

MHUKPOAJIEMEHTTED;

KOMIpTEK Ke37epi;

BUTaMHH/IEP;

ecCy peTTerimTepi.

Kasipri yakpITTa €cy peTTerimrepiH, caxapo3a MEH arapibl KOoclaraHaa, OapibIK
KaXeTTi 3JIeMEeHTTepi 0ap KypFaK YHTaK TypiHze O0aThiH TaiiblH opTanapablH OipHee Typi
mbIFapbutasl.  KopekTik opTajmapablH KypamblHIAa Makpo- KOHE MHKPOAJIEMEHTTEPIiH
OouyBl ©cipy 00BEKTIIepiHiH KaXKETTUTIKTepIMEH aHbIKTanaabl. JlaiiblH TachIMalIaFbIITap,
OpUHE, KOIIMTIi ecipyAe KOJJaHyFa BbIHFaWibl. JlereHMeH, Oyl TachIMallJaFbIIITapabliH
KEeMIIUTIKTepi 6ap: onap KbIMOAT, jKOHE oJIap/bl Melrua KOMIOHEHTTEPIHIH BapUaIlUsIChIH
KaXXeT €TeTiH 3epTTeyiep YIIiH nainanany mekreymi [5]. Byrinri kyHi opTyp:i KypamIarbl
KOPEKTIK opTayiapAblH YikeH caHbl Oenrini. CoHblH immiHae ['ambopr xoHe DBernera ( B-5)
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