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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Introduction: Chronic Lymphocytic Leukemia (CLL) is
the most common adult leukemia in Western countries and is
characterized by the clonal expansion of mature CD19*/CD5%/
CD23* B lymphocytes. Immune dysregulation is a hallmark
of CLL, predisposing patients to infections and significantly
altering circulating cytokine profiles. While such changes have
been extensively investigated in advanced stages, little is known
about cytokine alterations in early-stage, untreated CLL patients
in Georgia.

Methods: Serum levels of the pro-inflammatory cytokines
interleukin-6 (IL-6) and interleukin-12 (IL-12), as well as the anti-
inflammatory cytokine interleukin-10 (IL-10), were measured
in 25 newly diagnosed, untreated CLL patients (Rai stage 0/1,
Binet A) and 15 age- and sex-matched healthy volunteers.
Cytokine concentrations were determined by enzyme-linked
immunosorbent assay (ELISA) using commercially available
kits (Thermo Fisher Scientific). Statistical comparisons were
performed between groups, and correlations with clinical
parameters were analyzed.

Results: IL-6 levels were significantly higher in CLL patients
compared to healthy volunteers (median 15 pg/mL vs. 4 pg/
mL; P <0.0001), with considerable inter-individual variability.
IL-12 concentrations were also elevated in CLL patients (P =
0.0019) and showed a strong negative correlation with absolute
lymphocyte counts (r = —0.7). In contrast, IL-10 levels did not
differ significantly between groups (P = 0.3432).

Conclusions: Even at the earliest clinical stages, untreated
CLL patients demonstrate a cytokine profile indicative
of a pro-inflammatory and partially immunostimulatory
microenvironment, which may influence disease pathogenesis
and progression. The observed elevations in IL-6 and IL-12
suggest their potential utility as early biomarkers and possible
therapeutic targets.

Key words. Chronic lymphocytic leukemia, IL-6, IL-10, IL-
12, cytokines, immune dysregulation.

Introduction.

ChronicLymphocyticLeukemia(CLL)isthemostcommonadult
leukemia in Western countries. This hematologic malignancy is
defined by the clonal expansion of CD19*CD5"CD23" mature
B lymphocytes, which accumulate abnormally in peripheral
blood, bone marrow, and lymphoid tissues [1]. The disease
progression relies on proliferative niches within lymph nodes
and bone marrow, where leukemic cells receive survival signals
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through microenvironmental interactions, cytokine networks,
and dysregulated signaling pathways [2]. It's well established
that immune dysregulation is a trait of CLL, contributing to an
increased susceptibility to infections [3,4]. These infections,
along with suppressed immunity significantly alter circulating
cytokine profiles. Conversely, profiling cytokine levels provides
valuable insights into the status of immune dysregulation, the
degree of microenvironmental support, and disease progression
[51.

In this study we assessed the levels of pro-inflammatory
cytokines Interleukin-6 (IL-6) and Interleukin-12 (IL-12), along
with the anti-inflammatory cytokine Interleukin-10 (IL-10), in
untreated CLL patients in Georgia (Rai stage 0/1, Binet A).

Interleukin-6 (IL-6), a pleiotropic cytokine, is synthesized by
numerous cell types, including fibroblasts, endothelial cells,
monocytes, normal hematopoietic cells, and lymphocytes, in
response to infection or tissue injury [6]. It plays a crucial role
in the activation of STAT3 and NF-«kB signaling pathways, both
of which regulate genes associated with tumor cell growth and
survival [7]. In CLL, higher IL-6 levels were associated with a
shorter lymphocyte doubling rate, earlier initiation of treatment,
the presence of 17p or 11q chromosomal deletions, and shorter
progression-free survival (PFS). By activating STAT3 and NF-
kB, IL-6 may promote the survival of B-CLL cells, and blocking
IL-6 signaling has been proposed as a potential therapeutic
strategy [8].

Interleukin-12 (IL-12) is an immunomodulatory cytokine that
has emerged as a potent inducer of antitumor immunity. It was
first identified in 1989 as a natural killer (NK) cell stimulatory
factor [9]. This interleukin is primarily produced by dendritic
cells (DCs) and activated phagocytes, exhibiting pleiotropic
effects that include the activation of both T cells and NK cells
to produce interferon-gamma (IFN-y). It also enhances their
proliferation and cytotoxic functions [10]. It is well known
that IL-12 promotes Thl-type immune responses and has
demonstrated antitumor efficacy in preclinical cancer models
[11]. Only a limited number of studies have investigated IL-
12 in CLL, suggesting that its role is complex, with evidence
indicating both pro-tumorigenic and anti-tumorigenic effects
[12,13].

Interleukin-10 (IL-10) is a key immunosuppressive cytokine
produced by several immune cell types, including T helper 2
(Th2) cells, monocytes, macrophages, B1 cells, and CLL cells
themselves [14]. In CLL, IL-10 plays a significant role in
shaping an immunosuppressive tumor microenvironment, which
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facilitates leukemic cell survival and contributes to immune
evasion. CLL cells can adopt regulatory B cell-like (Breg-like)
features and actively secrete IL-10 [15]. This secretion has
been shown to inhibit effector T-cell activation, impair antigen
presentation by dendritic cells, and reduce pro-inflammatory
cytokine production, thereby contributing to T-cell exhaustion
and immune dysregulation observed in CLL patients [16].

To our knowledge, levels of above-mentioned cytokines in
untreated CLL patients have not been previously investigated
in Georgia.

Materials and Methods.

Patients and Sample Collection:

Peripheral blood samples were collected from 25 chronic
lymphocytic leukemia (CLL) patients (age 50-75y, 14 males and
11 females) at the M. Zodelava Centre of Hematology in Thilisi,
Georgia (Tablel), based on informed written consent and ethical
approval (The ethics committee of National Center for Disease
Control and Public Health of Georgia (NCDC) (approval
number #2024-071)). All patients were newly diagnosed and
remained untreated at the time of sample collection. Fiveteen
healthy volunteers of matching age and sex were also enrolled
in the study after providing informed consent. Blood samples
were collected into serum separator tubes and allowed to clot at
room temperature for 30-60 minutes. Samples were centrifuged
at 1,500 x g for 10 minutes at 4 °C, and the serum was carefully
aliquoted into polypropylene cryovials. Aliquots were stored at
—80 °C until analysis. Thawed serum was kept on ice and used
immediately, with all samples undergoing a single freeze—thaw
cycle to preserve analyte integrity. All sample processing was
performed at the Laboratory of Immunology and Microbiology,
Faculty of Biology, Ivane Javakhishvili Tbilisi State University.

Table 1. Clinical and hematological characteristics of patients with
Chronic Lymphocytic Leukemia (CLL). Data are presented as mean +
standard deviation or number of patients (n). Patients were early-stage
(Rai 0-1). WBC, white blood cells; NLR, neutrophil-to-lymphocyte ratio.

Parameter CLL Patients
Number of participants (n) 25

Mean Age (years) 70,9 £ 6.5

Gender (M/F) 14/11

CLL Stage (Rai) Rai 01 (early-stage)
Leukocytes (WBC) 41,3(£9.8) 10°/L
Lymphocytes 77,3(£3.3) %
Monocytes 3,7(+0.6) %

NLR 0,2(+0.04)

Determination of serum levels of cytokines - IL-6, IL-10 and
IL-12:

Serum concentrations of interleukin-6 (IL-6), interleukin-10
(IL-10), and interleukin-12 (IL-12) were assessed using
commercially available enzyme-linked immunosorbent assay
(ELISA) kits provided by Thermo Fisher Scientific, following
the manufacturer’s protocols.

Sera samples were added to individual wells of 96-well
microplates that were pre-coated with monoclonal antibodies
specific to IL-6, IL-10, or IL-12. The plates were incubated for
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2 hours to allow cytokines in the samples to bind to the capture
antibodies According to the manufacturer’s instructions.
After incubation, the wells were washed multiple times with
commercial washing buffer (Thermo Fisher Scientific) to
remove unbound components. Subsequently, a detection
solution comprising polyclonal antibodies conjugated to
horseradish peroxidase (HRP) was introduced into each well,
followed by the addition of a chromogenic substrate solution,
tetramethylbenzidine (TMB), the enzymatic reaction was
stopped by the addition of a stop solution - 1N sulfuric acid.
The optical density (OD) was measured at 450 nm using
a microplate reader (Tristar 5, Berthold, Germany). The
concentration of each cytokine was determined by comparing
sample absorbance values to a standard curve generated from
known concentrations of recombinant cytokines. Final cytokine
concentrations are expressed as picograms per milliliter (pg/mL).

Statistical Analysis:

Results are expressed as the mean = SEM. As the assumption
of equal variances between the two groups was violated,
Welch’s t-test was employed to evaluate the difference in mean
values between CLL patients and healthy controls, as it provides
a robust comparison under conditions of unequal variances.
p values < 0.05 were considered statistically significant. For
IL-10 (pg/ml), no significant difference was detected between
groups, and the null hypothesis of homogeneity was accepted.

The correlation between IL-12 levels and total lymphocyte
count was determined using Pearson’s correlation coefficient.

Results.

Levels of IL-6, IL-12, and IL-10 were evaluated in the sera of
25 untreated CLL patients and 15 age- and sex-matched healthy
volunteers. All patients were classified as Rai stage 0 to I/Binet
A, corresponding to early-stage disease, and included 14 males
(56%) and 11 females (44%), aged between 55 and 80 years.

Study results indicate that serum IL-6 levels were significantly
higher in untreated CLL patients (Rai stage 0/, Binet A)
compared with healthy controls, with median concentrations
of 15 pg/mL versus 4 pg/mL (P <0.0001) (Figure 1). Notably,
the range of IL-6 levels among CLL patients was broad, with
several individuals exceeding 40 pg/mL, indicating substantial
inter-patient heterogeneity.

Along with IL-6, IL-12 levels were also significantly elevated
in untreated CLL patients13.3£2.5 compared to healthy controls
4.0+£0.7 (p = 0.0019) (Figure 2), although the increase was less
pronounced than that of IL-6. (p = 0.0019) (Figure 2), although
the increase was less pronounced than that of 1L-6.

In addition, we also evaluated correlations between interleukin
concentrations and various leukocyte populations (data not
shown). Notably, we observed a strong negative correlation
between IL-12 levels and total lymphocyte counts in peripheral
blood (r=-0.7).

In contrast to IL-6 and IL-12, no significant difference in IL-10
concentrations was observed between CLL patients 5.3+1.9 and
healthy controls 3.4+0.3 (p = 0.3432, Figure 3).

Discussion.

Cytokines play a crucial role in the pathogenesis, progression,
and immune evasion of chronic lymphocytic leukemia (CLL).
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Figure 1. Serum IL-6 levels in untreated CLL patients (Rai stage 0/, Binet A, n = 25) and age- and sex-matched healthy controls (n = 15). Cytokine
concentrations were measured using ELISA (Thermo Fisher Scientific) according to the manufacturer’s instructions.

60 P=0.0019
——
- 40
E
[«)]
Q.
N
.-
|
= 204
0

I I
CLL patients Healthy controls

Figure 2. Serum IL-12 levels in untreated CLL patients (Rai stage 0/, Binet A, n = 25) and age- and sex-matched healthy controls (n = 15).
Cytokine concentrations were measured using ELISA kits (Thermo Fisher Scientific) according to the manufacturer’s instructions.
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Figure 3. Serum IL-10 levels in untreated CLL patients (Rai stage 0/I, Binet A, n = 25) and age- and sex-matched healthy controls (n = 15).
Cytokine concentrations were measured using ELISA kits (Thermo Fisher Scientific) according to the manufacturer’s instructions.
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They are not only involved in the creation of a pro-survival,
anti-apoptotic microenvironment that supports leukemic cells
but can also act directly on CLL cells, thereby promoting
disease progression and contributing to the immune deficiencies
characteristic of CLL [2,5]. A better and deeper understanding of
this complex cytokine network will provide important insights
into disease biology, offer novel prognostic markers, and help
identify new avenues for therapeutic intervention.

In this study, we evaluated circulating levels of key
inflammatory mediators—the pro-inflammatory cytokines
IL-6 and IL-12 and the anti-inflammatory cytokine IL-10—in
a cohort of untreated Georgian patients with early-stage CLL
(Rai stage 0/1, Binet A).

According to our findings, the sera of the studied patients
exhibited significantly elevated levels of IL-6 and IL-12
compared to those from healthy controls (Figures 1 and 2). This
cytokine [IL-6] is known for its role in promoting inflammation,
cell survival, and tumor proliferation, thereby contributing to
the creation of a pro-tumorigenic microenvironment for CLL
cells [8]. Previous studies have shown that elevated IL-6 levels
are associated with enhanced B-cell survival and resistance to
apoptosis, underscoring its importance as both a biomarker and
a potential therapeutic target in CLL [17-18]. Patients enrolled
in those studies had stage II or more advanced disease. Our
findings are notable since we observed elevated IL-6 levels
during the early stages of the disease. The underlying cause of
elevated IL-6 levels in chronic lymphocytic leukemia (CLL)
remains unclear, as it is challenging to discern whether these
increases are primarily due to bacterial infections commonly
associated with CLL [4] or a consequence of tumor-induced
immune dysregulation. Nevertheless, it is well documented
that elevated IL-6 concentrations facilitate CLL progression
[19]. Moreover, early intervention with anti-IL-6 therapies
has demonstrated potential in halting or decelerating disease
advancement [18].

Generally, the elevation of IL-12 suggests activation of
cellular immunity, potentially reflecting an anti-tumor response.
IL-12 plays a pivotal role in stimulating Th1-type responses and
natural killer (NK) cell activity, both of which are involved in
tumor surveillance. However, the variability observed in IL-12
expression among CLL patients suggests that its upregulation
may be influenced by individual immune status and other
factors.

Although, IL-12 were discovered over 35 years ago, its precise
role in the pathophysiology of various diseases, including
CLL, remains incompletely understood. Several studies have
highlighted the dual and context-dependent functions of IL-
12 in CLL [12,13]. For instance, Schuhknecht et al. reported
that IL-12 inhibits apoptosis in tumor-derived B lymphocytes
ex vivo, suggesting a potential pro-tumorigenic effect under
certain conditions [12]. It is important to emphasize, however,
that in this study lymphocytes were isolated from their native
tumor microenvironment, which may significantly influence
their behavior. In contrast, IL-12 is widely recognized as a
key antitumor cytokine that enhances cellular immunity by
promoting Thl differentiation and inducing interferon-gamma
(IFN-y) production. These mechanisms are critical for effective
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tumor surveillance and immune-mediated tumor clearance [20].

The conflicting data regarding the role of IL-12 in CLL
underscore the complex and context-dependent nature of its
function. The effects of IL-12 as well as those of other cytokines
are modulated by a range of factors, including the tumor
microenvironment, disease stage, cytokine concentration, and
interactions within the broader cytokine network [13]. Whether
the elevation of IL-12 serves a protective function or reflects
an ineffective compensatory mechanism remains to be fully
elucidated. Notably, we observed a strong negative correlation
between IL-12 levels and total lymphocyte counts in peripheral
blood (r = —0.7). Although this single finding is insufficient
to draw definitive conclusions regarding the role of IL-12 in
CLL pathogenesis, it nonetheless highlights the need for further
investigation in this direction. Several and complex potential
biological mechanisms may underlie this relationship. Several
complex potential biological mechanisms may underlie this
relationship. While dendritic cells (DCs) and macrophages are
the major producers of IL-12, they are functionally suppressed
by malignant cells in advanced stages of CLL [20]. However,
in patients with early-stage disease, innate immune cells may
remain less impaired, allowing them to produce more IL-12.
This finding is consistent with IL-12’s known role in enhancing
Th1 immunity, activating NK and CD8+ T cells, and potentially
limiting leukemic expansion. Alternatively, IL-12 itself may
influence CLL cell apoptosis or tissue homing, thereby indirectly
modulating lymphocyte counts in peripheral blood.

Unlike IL-6 and IL-12, there was no significant difference in IL-
10 concentrations between CLL patients and healthy individuals
(Figure 3). This finding is not unexpected, considering the
elevated IL-12 levels detected. A well-established reciprocal
regulatory relationship exists between IL-12 and IL-10. By
promoting a strong Thl response and IFN-y production, IL-12
actively suppresses the development of Th2 cells. Since Th2
cells are a major source of IL-10 (among other cytokines like
IL-4, IL-5, IL-13), this indirectly limits IL-10 production [9].
In CLL, the situation is more complex - CLL cells and their
microenvironment often produce high IL-10, which promotes
immune suppression and disease progression. However, our
finding that IL-10 is not elevated in early-stage CLL, suggests
that the elevated IL-12 might be suppressing IL-10 production
in this phase. Over time, CLL cells and Tregs may override this
balance by secreting IL-10, leading to immunosuppression in
later stages.

Several studies have reported that serum IL-10 levels are
increased in CLL patients with advanced disease and are
associated with unfavorable prognoses [13,20-22]. Notably,
the patients enrolled in our study were at an early stage of the
disease at the time of sampling, therefore, our findings are not
inconsistent with previous reports suggesting that as the disease
progresses, CLL cells and Tregs might upregulate IL-10,
which suppresses IL-12 and shifts the balance toward immune
tolerance, allowing leukemic cells to evade immune control.

In addition, we do not exclude the possibility that IL-10’s
immunosuppressive effects in CLL may be localized within the
tumor microenvironment.



Conclusion.

Our study showed that in untreated CLL patients in Georgia,
the cytokine profile was characterized by elevated IL-6 and IL-
12 levels, indicating the presence of a pro-inflammatory and
partially immunostimulatory microenvironment in the early
disease stage (Rai stage 0/I, Binet stage A). These findings
underscore the critical need for comprehensive and systematic
investigations to elucidate the mechanisms underlying cytokine
activity and their role in CLL pathogenesis, with a view toward
the potential development of cytokine-targeted therapeutic
strategies.

Ethics statement.

The research project was approved by the ethics committee
of National Center for Disease Control and Public Health of
Georgia (NCDC) (approval number #2024-071). All participants
were previously informed about the study, written informed
consent was obtained and the confidentiality of the information
provided was ensured.

Conflict of interests.
The authors have no conflicts of interest to disclose.
Acknowledgement.

This research # PHDF-22-560 “Bacterial microflora of the
mouth and throat of patients with chronic lymphocytic leukemia:
characteristics, antibiotic and phage sensitivity and indicators
of immune response to them”. has been supported by Shota
Rustaveli National Science Foundation of Georgia (SRNSFQG).

REFERENCES

1. Edwards K, Manoussaka M, Sayed U, et al. MD-1
downregulation is associated with reduced cell surface CD180
expression in CLL, Leukemia. Research. 2024;143:107540.

2. Yan XJ, Dozmorov I, Li W, et al. Identification of outcome-
correlated cytokine clusters in chronic lymphocytic leukemia.
Blood. 2011;118:5201-10.

3. Guarana M, Nucci M. Infections in patients with chronic
lymphocytic leukemia. Hematology, Transfusion and Cell
Therapy. 2023;45:387-393.

4. Mikeladze Kh, Gachechiladze N. Bacterial Infections in
chronic lymphocytic leukemia (CLL): Upper Respiratory Tract
Microflora and Potential Treatment Strategies for Bacterial
Infections. Folia Biologica.

5. Khodashenas M, Rajabian A, Attaranzadeh A, et al
Evaluation of cytokine levels as possible predicting elements
in patients with chronic lymphocytic leukemia. Rev Assoc Med
Bras (1992). 2022;68:1364-1368.

6. Tanaka T, Narazaki M, Kishimoto T. IL-6 in Inflammation,
Immunity, and Disease. Cold Spring Harb Perspect Biol.
2014;6:a016295.

7. Alessandro A, Musolino C, Tonacci A, et al. Clinico-
Biological Implications of Modified Levels of Cytokines in

387

Chronic Lymphocytic Leukemia: A Possible Therapeutic Role.
Cancers. 2020;12:524.

8. Wang H.-Q, Jia L, Li Yu-T, et al. Increased autocrine
interleukin-6 production is significantly associated with worse
clinical out come in patients with chronic lymphocytic leukemia.
J. Cell Physiol. 2019;234:13994-14006.

9. Ullrich K-A, Schulze L-L, Paap Eva-M, et al. Immunology
of IL-12: An update on functional activities and implications for
disease. EXCLI J. 2020;19:1563-1589.

10. Tugues S, Burkhard S-H, Ohs I, et al. New insights into IL-
12-mediated tumor suppression. Cell Death & Differentiation.
2015;22:237-246.

11. Parihar R, Dierksheide J, Hu Y, et al. IL-12 enhances the
natural killer cell cytokine response to Ab-coated tumor cells. J
Clin Invest. 2002;110:983-992.

12. Schuhknecht S, Duensing S, Dallmann I, et al. Interleukin-12
inhibits apoptosis in chronic lymphatic leukemia (CLL) B cells.
Cancer Biother Radiopharm. 2002;17:495-9.

13. Yan XJ, Dozmorov I, Li W, et al. Identification of outcome-
correlated cytokine clusters in chronic lymphocytic leukemia.
Blood. 2011;118:5201-10.

14. Bialecka M, Klodowska-Duda G, Kurzawski M, et al.
Interleukin-10 gene polymorphism in Parkinson’s disease
patients. Arch. Med. Res. 2007;38:858-863.

15. DiLillo DJ, Weinberg JB, Yoshizaki A, et al. Chronic
lymphocytic leukemia and regulatory B cells share IL-10
competence and immunosuppressive function. Leukemia.
2012;27:170-182.

16. D'Arena G, Rossi G, Vannata B, et al. Regulatory T cells
and chronic lymphocytic leukemia: insights and perspectives.
Haematologica. 2012;97:665-669.

17. Putoczki TL, Ernst M. IL-6 and related cytokines in CLL:
Drivers of disease and therapeutic targets. Blood. 2015;126:378-
385.

18. Al-Sarai NAA, Noor Noaman N, Abbas Hashim A.
Evaluation of interleukin-6 level in patients with chronic
lymphocytic leukemia and its correlation with the stage of the
disease. International Journal of Hematology and Medicine.
2025;14:76-80.

19. Hassan EA, Abdelmohsen EA, Abdelsamee HF, et al. Serum
Interleukin 6 (IL -6) as Prognostic Marker in Egyptian CLL
patients. Int ] Hematol Oncol Stem Cell Res. 2024;18:140-146.
20. Ullrich KA, Schulze LL, Paap Eva-M, et al. Inmunology of
IL-12: An update on functional activities and implications for
disease. EXCLI J. 2020;19:1563-1589.

21. Alhakeem S-S, McKenna MK, Gachuki BW, et al. The role
of IL-10 in B-cell chronic lymphocytic leukemia cell survival.
The Journal of Immunology. 2016;196:211-217.

22. Alhakeem SS, McKenna MK, Oben KZ, et al. Chronic
Lymphocytic Leukemia-Derived IL-10 Suppresses Antitumor
Immunity. J Immunol. 2018;200:4180-4189.



	Title

