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Summary
Introduction. Human monocytes are heterogeneous and plastic cell population with the ability to undergo phenotypic and functional changes as
a response to a stimulus from a local microenvironment. Our aim was to
determine the potential of human monocytes to differentiate into different cell populations depending on two different cytokines (IL-4 and IL-6)
added to cultures as well as to compare their phenotypical and functional characteristics.
Methods. Peripheral blood mononuclear cells (PBMNC) were isolated from
buffy coats of healthy donors. Monocytes, which were separated from PBMNC by plastic adherence, had been cultivated in Dendritic cell (DC), serum
free medium for 5 days, either with granulocyte/macrophage colony-stimulating factor (GM-CSF) alone or with GM-CSF, with addition of interleukin
4 (IL-4) or interleukin 6 (IL-6), respectively. After cultivation, phenotypic
characteristics of these cells were analyzed by flow cytometry, whereas the
levels of produced cytokines in culture supernatants were quantified by
ELISA. The potential of differentiated cells to modulate the proliferation of
allogeneic T cells was examined by co-cultivation of these cells with PBMNC.
Results. GM-CSF differentiated monocytes into M0/M1 macrophages (MØ).
The combination of GM-CSF and IL-4 favoured differentiation of immature
DC, whereas GM-CSF and IL-6 transformed monocytes into monocytic myeloid derived suppressor cells (M-MDSC). All cell populations expressed
typical monocyte/macrophage markers such as CD14, CD11b, CD16 and
CD33, HLA-DR, CD209 and CD86, a co-stimulatory marker. DC and M-MDSC expressed CD1a and CD11c, in contrast to M0/M1 MØ. The expression
of HLA-DR, CD1a, CD209 and CD86 was highest on DC. The expression of
CD33 and CD16 was highest on M-MDSC, followed by lowest expression of
HLA-DR. The potential of promoting T-cell proliferation was highest in cultures of PBMNC with DC, whereas M-MDSC had the opposite, suppressive,
effect. These differences correlated with highest production of immunosuppressive cytokines such as IL-10, IL-27 and TGF-β by M-MDSC.
Conclusion. This study confirmed the differentiation plasticity of human
monocytes, which are influenced by cytokines added in cultures. Phenotypic characteristics of these cells correlated with the production of cytokines
involved in modulation of T-cell proliferation.
Key words: plasticity, differentiation, monocytes, culture, cytokines, T cell
proliferation
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Introduction
Human monocytes are heterogeneous and plastic
cell population which has an important role in
the immune response by sensing their local microenvironment, clearing pathogens and dead
cells. In response to a stimulus from a local microenvironment, these cells have the competence
to undergo phenotypic and functional changes
[1]. It is well known that the addition of human
recombinant granulocyte macrophages colony
stimulating factor (GM-CSF) is necessary for
in vitro differentiation of human monocytes into mature and functionally competent M0/M1
macrophages (M0/M1 MØ). The term M0 means
that macrophages are undifferentiated, whereas
M1 are a key subset of pro-inflammatory MØ [2].
However, for differentiation of monocytes into
dendritic cells (DC) and myeloid derived suppressor cells (MDSC), except GM-CSF, the addition of interleukin-4 (IL-4) and interleukin-6
(IL-6), respectively, is required [3, 4].
Depending on the type of environmental stimuli, MØ have a wide array of functions and they
have been primarily classified into: pro-inflammatory (M1), induced by GM-CSF with addition
of interferon-γ and/or lypopolysaccharide (LPS)
and anti-inflammatory (M2) MØ induced by macrophage colony stimulating factor (M-CSF) [5].
Macrophages are predominant cell population in
the tumor and these cells are frequently named
as tumor associated machrophages (TAM). Unlike M2, TAM, which predominantly promote
the progression of tumor, M1 MØ have the opposite effect [6].
DC are the most potent antigen presenting
cells orchestrating the adaptive immune response.
In response to infection, DC are capable to differentiate into mature cells that can initiate immune
responses, while in the absence of infection, most
of them remain in an immature form and induce
tolerance to self antigens [7]. The main function
of mature DC is to process and present antigen
peptides to CD4+ and CD8+ T cells. However, in
the tumor microenvironment (TME), this maturation process is disturbed by increasing the accumulation of immature DC [8]. As a result, DC
fail to activate tumor reactive T cells and become
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tolerogenic. Dysfunction of DC and reduction in
their number in patients with cancer may be the
result of cross-talk between MDSC and DC [9].
MDSC are critical in the regulation of immune
responses by suppressing function of DC and T
cells [10].
MDSC present immature cell population of
myeloid origin that accumulate in patients with
cancer, burns, sepsis, or chronic inflammation.
Their main physiological function is to avoid and
reduce tissue damage during inflammation [11].
Immature myeloid cells generated in bone marrow can differentiate into mature granulocytes,
MØ or DC, without causing detectable immunosuppression in healthy individuals. In pathological conditions such as cancer, a partial block in
differentiation of immature into mature myeloid
cells results in induction of pathological MDSC.
These cells are capable of blocking adaptive immunity by inhibiting the activation of CD4+ and
CD8+ T cells [12]. Neoplastic cells in TME affect
bone marrow by releasing soluble factors such
as cyclooxygenase-2, prostaglandin E-2, IL-6 and
GМ-CSF that drive the accumulation, expansion
and activation of local MDSC [13]. Currently,
two MDSC populations have been characterized:
monocytic MDSC (M-MDSC) and granulocytic
MDSC (G-MDSC). M-MDSC are significantly
immunosuppressive in comparison to G-MDSC.
M-MDSC are phenotypically described as CD14+
CD11b+ CD33+ CD15-/low HLA-DR-/low [14].
However, despite the increasing amount of
data on the potential benefits of M-MDSC in different clinical situations, the protocols for differentiation of human M-MDSC in vitro have not been
fully established. There are only few published
studies describing methods for the in vitro generation of human M-MDSC [4, 15, 16]. We have
recently shown that the combination of GM-CSF
and IL-6 is capable of transforming monocytes
into potent M-MDSC [17]. It is obvious that GMCSF is a key factor for monocytes to differentiate
into different effector cells. Therefore, the aim
of the study was to check how addition of two
different cytokines (IL-4 and IL-6, respectively),
changes phenotypic and functional properties of
MØ, generated in the presence of GM-CSF alone.
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Methods

Proliferation assay

Most experiments were performed at the Center
for Biomedical Sciences, Medical Faculty Foca,
University of East Sarajevo. Cell proliferation
assay was performed at the Institute for Medical Research, Military Medical Academy, Belgrade, Serbia.

PBMNC (3x105/well) were cultured in 96-well
flat bottom plates (Sarstedt), alone, or co-cultured either with M0/M1 MØ, DC or M-MDSC,
all at the concentration of 1x104/well. For stimulation, phytohemaglutin (PHA) was used at the
suboptimal concentration of 1µg/ml. The cultures were set up in triplicates. After four days,
3
[H]-thymidine (1µ Ci/well) (Amersham, UK),
had been added and the cultivation had been continued for the next 8 hours. After cell harvesting,
the incorporated radioactivity was measured by
using a scintillation counter (Ragbeta, Finland).
The results are expressed in count per minutes
(cpm). The proliferation index was calculated by
dividing each cpm from PHA-stimulated cultures
with mean cpm of control unstimulated PBMNC
cultures (442 cpm).

Cells
Buffy coats were obtained from voluntary healthy
blood donors. Peripheral blood mononuclear cells
(PBMNC) were isolated on Lymphoprep gradient (PAA Laboratories) by density centrifugation
(2200 rpm, 20 min, 20˚C). Subsequently, PBMNCs
were used for the isolation of monocytes by plastic adherence, as described [18].
M0/M1 MØ were generated by cultivating
adherent monocytes (1 x106/ml) in Cell Genix®
GMP Dendritic cell Medium (CellGenix. Freiburg, Germany), supplemented with 100 ng/ml
of GM-CSF (Leucomax Basel, Switzerland) within
the period of 5 days. For generation of immature
DC, except of GM-CSF, human recombinant interleukin (IL)-4 (Rosche diagnostics, Basel Switzerland) was added in concentration of 20 ng/
ml. Human recombinant interleukin (IL)-6 (R&D
Systems, Minneapolis, MN, USA) was added in
concentration of 10 ng/ml, together with GMCSF, for generation of M-MDSC. The cultures
had been maintained for 5 days.

Flow cytometry
The analysis of markers expressed by M0/M1
MØ, DC and M-MDSC was performed on a flow
cytometer (Attune Acoustic Focusing Cytometer,
Applied Biosistems, by Life Technologies) after
labelling the cells with primary antibodies (Abs).
The following Abs and reagents were used: antiCD11c-FITC, anti-CD11b-PE, anti-CD1a-PerCP,
anti-CD209-APC, anti-CD14-FITC, anti-CD16PE, anti-HLA-DR-PerCP, anti-CD33-APC and
anti-CD86-FITC (all from Biolegend, San Diego,
CA, USA).
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Cytokines
The levels of cytokines from culture supernatants
were determined by ELISA commercial kits (R&D,
Minneapolis, USA), according to manufacturer’s
protocol. The concentrations of cytokines from
M0/M1 MØ, DC and M-MDSC culture supernatants: transforming growth factor β (TGF-β),
IL-10 and IL-27 were calculated from standard
curves after the subtraction of blank controls.

Ethics statement
Approval for all experiments was obtained from
the Ethics Committee of the University of East
Sarajevo, Faculty of Medicine in Foca (permission
date: September 12th 2018, Foca). Informed consent was obtained from participants in accordance with the Declaration of Helsinki.

Statistical analysis
The results are presented as mean ± SD values
of at least three independent experiments carried out using cells of different healthy donors.
To evaluate the differences between the experimental and corresponding control samples, the
data were analyzed using One-way ANOVA. Re-
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Results
The first aim of this study was to analyze phenotypic properties of cells differentiating from
monocytes under different culture conditions:
M0/M1 MØ, differentiated in the presence of
GM-CSF; DC, differentiated with GM-CSF+IL-4;
M-MDSC, differentiated with GM-CSF+IL-6.
Figure 1 summarizes phenotypic properties of
cultivated cells.
CD14 is a key monocyte marker which is modulated significantly upon differentiation of monocytes. The expression of CD14, which was highest
on M0/M1 MØ, was significantly down-modu-
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Discussion
Two major characteristic features of monocytes
are heterogeneity and plasticity. These cells have
the ability to undergo phenotypic and functional
changes in response to the stimuli from the local
microenvironment [1]. It is known that monocytes can differentiate into different subsets of
MØ, DC and M-MDSC, depending on the activation factors, but comparison of their phenotypic profiles and functions, which are changed
during the differentiation process, is something
which is rarely explored [2-4]. This was the reason why we studied these parameters during
differentiation of human monocytes in culture.
In healthy individuals, monocytes are easily identifiable among the HLA-DR+CD11b+ myeloid compartment. According to the Nomenclature Committee of the International Union of
Immunologic Societies, population of monocytes
has been divided into three subsets: classical
(CD14highCD16low cells) constituting the majority
of population (>90%), whereas CD14lowCD16high
cells, non-classical monocytes and intermediate
subset (CD14highCD16high cells) account for only
5-10% of circulating monocytes. Classical and
intermediate monocytes manifest inflammatory properties and are referred as inflammatory
monocytes [1, 19]. The monocytes originate from
monoblasts in the bone marrow that differentiate
to promonocytes and then to monocytes. Monocytes play an important role in homeostasis and
inflammation including the removal of apoptotic and necrotic cells [20]. Circulating monocytes
get recruited to injury sites where they differentiate into macrophages [21]. Even though, the
most common function of all macrophages is
phagocytosis of microorganisms and apoptotic cells, they are very heterogeneous in terms of
their functions and surface marker expression
[1]. Macrophages are highly plastic cell population that respond quickly to a variety of environmental stimuli. This plasticity can be easily
studied in culture experiments. Aiming to study
macrophage induction in vitro, different stimuli are used to induce a particular macrophage
phenotype [22, 23]. In general, GM-CSF is used
as differentiation factor for their full maturation,
including transformation of these cells into M0/

6

www.biomedicinskaistrazivanja.mef.ues.rs.ba

M1 MØ. In contrast, LPS and IFN-γ are required
as maturation factors for induction of M1 MØ.
M-CSF together with IL-4 and/or IL-10 are used
for M2 induction [5, 24]. M0/M1 MØ are known
to produce pro-inflammatory factors and their
main function is to phagocytose microorganisms
and matrix debris [5]. After cultivation of monocytes with GM-CSF alone Chapuis et al. showed
that HLA-DR was down-regulated, while CD14
was highly expressed compared to CD1a [25).
Previous reports showed that M0/M1 MØ induced with GM-CSF alone had high expression
of CD14 and CD11b [26). Both studies coincide
with our results. In addition, we have showed
that monocytes cultivated with GM-CSF also
express CD11c, CD209, CD86, CD16 and CD33.
MDSC are potent immune suppressor cells.
Their number is particularly increased in cancer
patients [27]. Neoplastic cells release soluble cytokines that drive the accumulation of MDSC in
TME, where they suppress the activation of T cells
and stimulate FoxP3+ regulatory T cells (Tregs)
by which they promote tumor progression [13].
Their detection is important because they have
been recognized as a substantial limiting factor
for the effectiveness of checkpoint inhibition
therapy [28]. Immunotherapy by checkpoint inhibitors was very successful in treating metastatic melanoma, metastatic non-small cell lung
cancer (NSCLC), head and neck squamous cell
cancer, colorectal cancer, hepatocellular cancer
and Hodgkin lymphoma [29]. However, these
Abs which are designed to block signaling molecules that regulate T cell activation have impressive results in some, but not in all patients.
This non-response to immunotherapy in some
patients may be related at least in part to intensive immunosuppression which is mediated by
MDSC [28]. Six ongoing clinical trials suggests
that possible blockage of suppressive receptors
on M-MDSC could improve checkpoint inhibition therapy for advanced renal cell cancer, melanoma, NSCLC and colorectal cancer [29] and
that’s why investigation of their phenotypical
and functional characteristics is important. The
selection of cytokines used to obtain M-MDSC
from monocytes was based on our previous reports [17]. We showed that these cells expressed
high levels of CD33, CD14, CD16 and low levels
Godište 11 Jun 2020
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of HLA-DR, which is in agreement with the general phenotype of these cells [14, 17]. In addition,
M-MDSC expressed CD1a, CD11c and CD11b
and had the ability to suppress PHA induced
proliferation of T lymphocytes.
When stimulated with GM-CSF and IL-4 in in
vitro conditions, monocytes yield immature DC.
Upon encountering microbial antigens, these cells
are transformed into mature DC which are the
most potent antigen-presenting cells [7]. Our results have showed high expression of HLA-DR,
low expression of CD14, and high expression of
CD16, CD11c, CD209 and CD1a on immature DC.
These results are generally in agreement with
other studies [25, 30]. Some differences depend
on donor and medium used for generation of
DC. The high expression of HLA-DR, CD1a and
CD86 on DC, in comparison with other two cell
populations, is associated with the antigen-presenting function of DC. In contrast, higher expression of CD16 and CD33 on M-MDSC, together
with low expression of HLA-DR, in comparison
to the other cells, supports the opinion that these
molecules are of considerable importance for the
immune suppressive function of M-MDSC. This
is confirmed by strong stimulation of T-cell proliferation by DC in our culture system.
Even though CD1a is a cell surface molecule
that is mostly studied in the context of antigen
presentation by DC [31], previous reports also suggested up regulation of CD1a marker on
human monocytes by GM-CSF [32]. In a study
from Beyer at al., monocytes treated with GMCSF showed significant up regulation of CD1a
protein [26]. In our study CD1a has been significantly down regulated in M0/M1 MØ, while it
has been up regulated in DC and M-MDSC population. Furthermore, CD11c surface marker being commonly up regulated in MØ [33] has been
significantly down regulated when compared to
DC and M-MDSC population. The possible explanation for this is that all these cells have been
cultured in DC medium which is optimized for
the differentiation of CD14+ monocytes into mature DC. Such a type of culture medium have
not been used so far for differentiation of macrophage subsets.
To better characterize the functions of cell
populations generated from monocytes in our
Godište 11 Jun 2020

cultures, we analyzed the production of three
cytokines (TGF-β, IL-10 and IL-27). TGF-β is a
pleiotropic cytokine with a dual function role in
cancer and has a capacity to block early stages of
tumor progression while promoting progression
at late stages of tumor [34]. Within TME, TGF-β is
considered as one of the main factors of inflammation by changing the activity of the innate and
adaptive response [35-40]. It is considered to be
the most immune-suppressive cytokine produced
by cancer cells allowing them to escape from immune surveillance [40, 41], which contributes to
tumor progression and metastatic potential [42].
Production of TGF-β by TME contributes to the
increase of M-MDSC number and function [34]
and in vitro is capable to induce functional M-MDSC from human monocytes [11]. In our research,
we have showed that M-MDSC and M0/M1 MØ
produced equal concentrations of TGF-β in comparison with DC which secretes lower levels of
TGF-β. Since M-MDSC and M0/M1 MØ have
opposite functions (inhibition versus stimulation
of the immune response), it can be hypothesized
that TGF-β is not a crucial immunosuppressive
cytokine for M-MDSC. Another cytokine with
immunosuppressive properties is IL-10 [43]. Our
results, showing higher production of IL-10 by
M-MDSC in comparison with M0/M1 MØ cells,
are in line with these findings. However, in contrast to expected results, the difference in production of IL-10 between M-MDSC and DC have not
been statistically significant, suggesting that the
function of this cytokine can be considered in the
context with other biomolecules involved in the
adjustment of the immune response. IL-27 is a
member of the IL-12 cytokine family. When IL27 binds to the IL-27 receptor, there are two possible types of responses, pro-inflammatory and
anti-inflammatory and the response is mostly
dependent on the external surrounding of IL-27
[44]. IL-27 is involved in inducing or suppressing
different T cell subsets. Th1 cells are activated,
but Th2, Th17 and Tregs are inhibited by IL-27
[45, 46]. Our results show that M-MDSC produced significantly more IL-27 when compared
to M0/M1 MØ and DC population suggesting
that immunosuppressive function of the M-MDSC population involves IL-27, TGF-β and IL-10,
which may act synergistically.
www.biomedicinskaistrazivanja.mef.ues.rs.ba
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Conclusion
This study have showed that human monocytes
undergo phenotypic and functional changes in
culture, which are dependent on the cytokine
cocktail used. M0/M1 MØ were differentiated
in the presence of GM-CSF, DC were differentiated with GM-CSF+IL-4 and M-MDSC were
differentiated with GM-CSF+IL-6. Some specific
phenotypic changes of MØ subsets are different
to those already published. These differences can

be due to medium used which is designed for
differentiation of DC. Phenotypic characteristics of these cells correlated with the production
of cytokines involved in modulation of T-cell
proliferation. Given the significant role of these cells in the tumor microenvironment, future
research could address the effect of checkpoint
blockage on these cells, especially M-MDSC as
possible therapy of cancer.

Funding source. The authors received no specific funding for this work.

The research was conducted according to the Declaration of Helsinki.

Ethical approval. The Ethics Committee of the Faculty
of Medicine in Foca approved the study and informed
consent was obtained from all individual respondents.

Conflicts of interest. The authors declare no conflict of
interest.

References:

8

1.

Das A, Sinha M, Datta S, Abas M, Chaffee S, Sen
CK, et al. Monocyte and macrophage plasticity in tissue repair and regeneration. Am J Pathol
2015;185(10):2596–606.

2.

Eischen A, Vincent F, Bergerat J, Louis B, Faradji A,
Bohbot A, et al. Long term cultures of human monocytes in vitro Impact of GM-CSF on survival and differentiation. J Immunol methods 1991;143(2):209–21.

3.

Palucka KA, Taquet N, Sanchez-Chapuis F, Gluckman JC. Dendritic cells as the terminal stage of monocyte differentiation. J Immunol 1998;160(9):4587–95.

4.

Lechner MG, Liebertz DJ, Epstein AL. Characterization of cytokine-induced myeloid-derived suppressor cells from normal human peripheral blood
mononuclear cells. J Immunol 2010;185(4):2273–84.

5.

Vogel DY, Glim JE, Stavenuiter AW, Breur M, Heijnen P, Amor S, et al. Human macrophage polarization in vitro: maturation and activation methods
compared. Immunobiology 2014;219(9):695–703.

6.

Sica A, Bronte V. Altered macrophage differentiation and immune dysfunction in tumor development.
J Clini Invest 2007;117(5):1155–66.

14. Elliott LA, Doherty GA, Sheahan K, Ryan EJ. Human tumor-infiltrating myeloid cells: phenotypic
and functional diversity. Front Immunol 2017;8:86.

7.

Park S-J, Nakagawa T, Kitamura H, Atsumi T, Kamon H, Sawa S-i, et al. IL-6 regulates in vivo dendritic cell differentiation through STAT3 activation.
J Immunol 2004;173(6):3844-54.

15. Obermajer N, Kalinski P. Generation of myeloid-derived suppressor cells using prostaglandin E 2. Transplant Res 2012;1(1):15.

8.

Gabrilovich D. Mechanisms and functional significance of tumour-induced dendritic-cell defects. Nat
Rev Immunol 2004;4(12):941–52.

9.

Ostrand-Rosenberg S, Sinha P, Beury DW, Clements
VK, editors. Cross-talk between myeloid-derived su-

www.biomedicinskaistrazivanja.mef.ues.rs.ba

ppressor cells (MDSC), macrophages, and dendritic
cells enhances tumor-induced immune suppression.
Semin Cancer Biol 2012;22(4):275–81.
10. Heine A, Held SAE, Schulte-Schrepping J, Wolff JFA,
Klee K, Ulas T, et al. Generation and functional characterization of MDSC-like cells. Oncoimmunology
2017;6(4):e1295203.
11. Casacuberta-Serra S, Parés M, Golbano A, Coves E,
Espejo C, Barquinero J. Myeloid-derived suppressor
cells can be efficiently generated from human hematopoietic progenitors and peripheral blood monocytes. Immunol Cell Biol 2017;95(6):538–48.
12. Mazzoni A, Bronte V, Visintin A, Spitzer JH, Apolloni
E, Serafini P, et al. Myeloid suppressor lines inhibit
T cell responses by an NO-dependent mechanism.
J Immunol 2002;168(2):689–95.
13. Gabrilovich DI, Nagaraj S. Myeloid-derived suppressor cells as regulators of the immune system. Nat
Rev Immunol 2009;9(3):162–74.

16. Lechner MG, Megiel C, Russell SM, Bingham B,
Arger N, Woo T, et al. Functional characterization
of human Cd33+ and Cd11b+ myeloid-derived suppressor cell subsets induced from peripheral blood
mononuclear cells co-cultured with a diverse set of
human tumor cell lines. J Transl Med 2011;9(1):90.

Godište 11 Jun 2020

Differentiation plasticity of human monocytes in culture
17. Tomić S, Joksimović B, Bekić M, Vasiljević M, Milanović M, Čolić M, et al. Prostaglandin-E2 potentiates the suppressive functions of human mononuclear myeloid-derived suppressor cells and increases
their capacity to expand IL-10-producing regulatory
T cell subsets. Front Immunol 2019;10:475.
18. Kock G, Bringmann A, Held SAE, Daecke S, Heine A, Brossart P. Regulation of dectin-1–mediated
dendritic cell activation by peroxisome proliferator-activated receptor-gamma ligand troglitazone.
Blood 2011:117(13):3569–74
19. Chen H-M, Ma G, Gildener-Leapman N, Eisenstein
S, Coakley BA, Ozao J, et al. Myeloid-Derived Suppressor Cells as an Immune Parameter in Patients
with Concurrent Sunitinib and Stereotactic Body
Radiotherapy. Clin Cancer Res 2015;21(18):4073–85.
20. Serbina NV, Jia T, Hohl TM, Pamer EG. Monocyte-mediated defense against microbial pathogens. Annu
Rev Immunol 2008;26:421–52.
21. Gordon S, Taylor PR. Monocyte and macrophage
heterogeneity. Nat Rev Immunol 2005;5(12):953–64.
22. Ambarus CA, Krausz S, van Eijk M, Hamann J,
Radstake T, Reedquist KA, et al. Systematic validation of specific phenotypic markers for in vitro polarized human macrophages. J Immunol Methods
2012;375(1-2):196–206.
23. Verreck FA, de Boer T, Langenberg DM, Hoeve MA,
Kramer M, Vaisberg E, et al. Human IL-23-producing
type 1 macrophages promote but IL-10-producing
type 2 macrophages subvert immunity to (myco) bacteria. Proc Natl Acad Sci USA 2004;101(13):4560–5.
24. Durafourt BA, Moore CS, Zammit DA, Johnson TA,
Zaguia F, Guiot MC, et al. Comparison of polarization properties of human adult microglia and blood-derived macrophages. Glia 2012;60(5):717–27.
25. Chapuis F, Rosenzwajg M, Yagello M, Ekman M, Biberfeld P, Gluckman JC. Differentiation of human
dendritic cells from monocytes in vitro. Eur J Immunol 1997;27(2):431–41.
26. Beyer M, Mallmann MR, Xue J, Staratschek-Jox A, Vorholt D, Krebs W, et al. High-resolution transcriptome
of human macrophages. PLoS One 2012;7(9):e45466.
27. Seo EH, Namgung JH, Oh CS, Kim SH, Lee SH.
Association of Chemokines and Chemokine Receptor Expression with Monocytic-Myeloid-Derived Suppressor Cells during Tumor Progression. Immune
Netw. 2018;18(3):e23.
28. Messmer MN, Netherby CS, Banik D, Abrams SI.
Tumor-induced myeloid dysfunction and its implications for cancer immunotherapy. Cancer Immunol
Immunother 2015;64(1):1–13.
29. Weber R, Fleming V, Hu X, Nagibin V, Groth C, Altevogt P, et al. Myeloid-Derived Suppressor Cells

Godište 11 Jun 2020

Hinder the Anti-Cancer Activity of Immune Checkpoint Inhibitors. Front Immunol 2018;9:1310.
30. Boyette LB, Macedo C, Hadi K, Elinoff BD, Walters
JT, Ramaswami B, et al. Phenotype, function, and
differentiation potential of human monocyte subsets. PLoS One 2017;12(4):e0176460.
31. Porcelli SA, Modlin RL. The CD1 system: antigen-presenting molecules for T cell recognition of lipids and
glycolipids. Annu Rev Immunol 1999;17(1):297–329.
32. Kasinrerk W, Baumruker T, Majdic O, Knapp W,
Stockinger H. CD1 molecule expression on human
monocytes induced by granulocyte-macrophage colony-stimulating factor. J Immunol 1993;150(2):579–84.
33. Wouters K, Gaens K, Bijnen M, Verboven K, Jocken
J, Wetzels S, et al. Circulating classical monocytes
are associated with CD11c+ macrophages in human
visceral adipose tissue. Sci Rep 2017;7:42665.
34. Santibanez JF, Bjelica S. Transforming Growth Factor-Beta1 and Myeloid-Derived Suppressor Cells
Interplay in Cancer. The Open Cancer Immunology
Journal. 2017;6(1).
35. Bronte V, Brandau S, Chen S-H, Colombo MP, Frey
AB, Greten TF, et al. Recommendations for myeloid-derived suppressor cell nomenclature and characterization standards. Nat Commun 2016;7:12150.
36. Marvel D, Gabrilovich DI. Myeloid-derived suppressor cells in the tumor microenvironment: expect
the unexpected. J Clin Invest 2015;125(9):3356–64.
37. Beury DW, Parker KH, Nyandjo M, Sinha P, Carter
KA, Ostrand-Rosenberg S. Cross-talk among myeloid-derived suppressor cells, macrophages, and tumor cells impacts the inflammatory milieu of solid
tumors. J Leukoc Biol 2014;96(6):1109–18.
38. Huang B, Pan P-Y, Li Q, Sato AI, Levy DE, Bromberg
J, et al. Gr-1+ CD115+ immature myeloid suppressor
cells mediate the development of tumor-induced T
regulatory cells and T-cell anergy in tumor-bearing
host. Cancer Res 2006;66(2):1123–31.
39. Ostrand-Rosenberg S, Sinha P. Myeloid-derived
suppressor cells: linking inflammation and cancer.
J Immunol 2009;182(8):4499–506.
40. Yang L, Pang Y, Moses HL. TGF-beta and immune
cells: an important regulatory axis in the tumor microenvironment and progression. Trends Immunol
2010;31(6):220–7.
41. Teicher BA. Transforming growth factor-beta and
the immune response to malignant disease. Clin
Cancer Res 2007;13(21):6247–51.
42. Tian M, Schiemann WP. The TGF-beta paradox in human cancer: an update. Future Oncol 2009;5(2):259–71.
43. Park MJ, Lee SH, Kim EK, Lee EJ, Baek JA, Park SH,
et al. Interleukin-10 produced by myeloid-derived

www.biomedicinskaistrazivanja.mef.ues.rs.ba

9

Biomedicinska istraživanja 2020;11(1):1–10
suppressor cells is critical for the induction of Tregs
and attenuation of rheumatoid inflammation in mice. Sci Rep 2018;8(1):3753.
44. Meka RR, Venkatesha SH, Dudics S, Acharya B, Moudgil KD. IL-27-induced modulation of autoimmunity and its therapeutic potential. Autoimmun Rev
2015;14(12):1131–41.

45. Yoshida H, Hunter CA. The immunobiology of interleukin-27. Annu Rev Immunol 2015;33:417–43.
46. Iwasaki Y, Fujio K, Okamura T, Yamamoto K.
Interleukin-27 in T cell immunity. Int J Mol Sc
2015;16(2):2851–63.

Diferencijalna plastičnost humanih monocita u kulturi ćelija
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Uvod. Humani monociti su heterogena i plastična populacija ćelija sa sposobnošću da se fenotipski i funkcionalno izmijene kao odgovor na stimuluse iz lokalne mikrosredine. Cilj našeg istraživanja bio je da se ispita potencijal humanih monocita za diferencijaciju u druge ćelijske populacije u zavisnosti od vrste citokina (IL-4 i IL6) dodate u kulturi i da se uporede fenotipske i funkcionalne karakteristike dobijenih ćelija.
Metode. Mononuklearne ćelije periferne krvi (PBMNC) su izolovane iz leukocitnog koncentrata zdravih donora. Monociti, koji su izdvojeni iz PBMNC adherencijom na plastici, su kultivisani u medijumu za dendritske ćelije
(DC), tokom 5 dana, u prisustvu faktora rasta granulocitno-makrofagnih kolonija (GM-CSF), ili sa GM-CSF uz dodatak interleukina-4 (IL-4) ili IL-6. Nakon kultivacije, analizirane su fenotipske karakteristike ovih ćelija protočnom
citometrijom, dok su nivoi produkovanih citokina analizirani ELISA metodom. Potencijal diferentovanih ćelija u
modulaciji proliferacije alogenih T ćelija su ispitivani ko-kultivacijom ovih ćelija sa PBMNC.
Rezultati. GM-CSF je diferentovao monocite u M0/M1 makrofage (MØ). Kombinovana primjena GM-CSF i IL-4
dovela je do diferencijacije monocita u nezrele DC, dok je primjena GM-CSF i IL-6 transformisala monocite u
monocitne mijeloidne supresorske ćelije (M-MDSC). Sve ćelijske populacije su ispoljile tipične monocitno/makrofagne markere kao što su CD14, CD11b, CD16 i CD33, HLA-DR, CD209 i CD86, ko-stimulatorni marker. DC i
M-MDSC su ispoljile CD1a i CD11c, nasuprot M0/M1 MØ. Eskpresija HLA-DR, CD1a, CD209 i CD86 bila je najviša
na DC populaciji. Ekspresija CD33 i CD16 je bila najviša na M-MDSC, što je praćeno najnižom ekspresijom HLADR. Potencijal za proliferaciju T ćelija bio je najviši u kulturama PBMNC sa DC, dok su M-MDSC imale suprotan,
supresivni, efekat. Ove razlike su bile povezane sa visokom produkcijom imunosupresivnih citokina kao što su
IL-10, IL-27 i TGF-β od strane M-MDSC.
Zaključak. Ova studija je potvrdila plastičnost humanih monocita u pogledu njihove diferencijacije u zavisnosti
od dodatih citokina u kulturi. Fenotipske karakteristike ovih ćelija su korelisale sa produkcijom citokina koji su
uključeni u modulaciju proliferacije T ćelija.
Ključne riječi: plastičnost, diferencijacija, monociti, kultura, citokini, proliferacija T ćelija
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