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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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/I, 
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.

Chronic Lymphocytic Leukemia (CLL) is the most common adult 
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 

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 
[5]. 

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/I, 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-κB 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-
κB, 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-γ). It also enhances their 
proliferation and cytotoxic functions [10]. It is well known 
that IL-12 promotes Th1-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 Tbilisi, 
Georgia (Table1), 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 × 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–I). 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 0–I (early-stage)
Leukocytes (WBC) 41,3(± 9.8) 10⁹/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 

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/I, 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 IL-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/I, 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.

Figure 2. Serum IL-12 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.

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/I, 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 Th1 differentiation and inducing interferon-gamma 
(IFN-γ) production. These mechanisms are critical for effective 

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 Th1 response and IFN-γ 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.
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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.
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