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Monocytes comprise a population of mononuclear leukocytes. In this article, we compare methods for isolating monocytes and also their
cultivation into dendritic cells. Bovine blood collected from the vena jugularis externa was used for the experiment. This blood was
used for isolating monocytes based on density gradient of OptiPrep or Histopaque solutions. The results indicated that the more efficient
method is isolation based on density gradient of the Histopaque solution and subsequent magnetic separation of the cells. The monocyte

population was further cultivated for 72 h with IL-4 and GM-CSF. The cells were evaluated under a light microscope, and it was
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apparent that CD14-positive cells transformed to dendritic cells. The second method using the Histopaque solution and magnetic
separation was more efficient for the subsequent culture of dendritic cells.

Keywords: dendritic cell, monocyte, leukocyte, CD14, light microscopy

INTRODUCTION

Monocytes are cells originating from bone marrow hematopoietic stem cells
through CFU-GEMM, CFU-GM, and CFU-M under the influence of cytokines
IL-4, GM-CSF, and M-CSF. Monocytes comprise a population of mononuclear
leukocytes developing in bone marrow from dividing monoblasts and are
released into the bloodstream as non-dividing cells. They then permeate further
into tissues. If monocytes do not initiate the journey into other tissues, they
remain in the blood, where over time they mature or reduce the intensity at which
their surface molecules are expressed and transform into so-called “resident”
monocytes (Ginhoux et al., 2014; Toman, 2009). The size of a mature monocyte
is 20-25 um. These blood cells comprise several populations of cells differing in
the intensity of their expression of several surface molecules (e.g., CD16, CD43,
CD163, Ly6C, chemokine receptors). Monocytes are morphologically and
phenotypically heterogeneous. This is why the term “monocyte” may be used to
describe cells with similar appearance but different functions (Muller, 2001;
Toman, 2009). Monocytes constitute a heterogeneous population of circulating
phagocytes leading to the occurrence of a tissue population of macrophages and
dendritic cells (DCs) under homeostatic and inflammatory conditions (Terry et
al., 2014). These cells also circulate in the blood, bone marrow, and spleen, and
they do not proliferate in a stable condition. They also can differentiate into
inflammatory DCs or macrophages during inflammation (Geissmann et al.,
2010). They can provide immunity oversight in certain tissues (Toman, 2009).

The DCs leukocyte population plays a significant role in connecting innate and
acquired immunity. DCs are antigen-presenting cells with a unique method of
initiating an immune response. DCs capture and transfer information from the
surrounding environment into cells of the adaptive immune system. They may be
important also for initiating immunological tolerance and regulating an immune
response mediated by T cells (Banchereau et al., 2000). DCs are able to
communicate with T cells, and they demonstrate a high level of MHC Il and
integrin CD11c. They originate from hematopoietic stem cells in bone marrow.
DCs can be divided into two functionally distinct populations or lines. These are
cells of myeloid and lymphoid origin (Toman, 2009). The myeloid line is
represented by two subpopulations of CD11c+ cells: CD1c and CD141. Myeloid
DCs are formed in bone marrow from a precursor common to macrophages. The
lymphoid line issues plasmacytoid DCs, which altogether lack expression of
CD11c or produce it only in small amounts and are described by expression of
antigens CD303, CD304, and CD123. Myeloid DCs capture antigens on the
periphery and move them to areas of T cells initiating immunity, whereas
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lymphoid DCs are located in areas of the T cells and thymus and have regulatory
and tolerogenic effects. Myeloid and lymphoid DCs may also differ in their
precursors and cytokine activators (Steinman and Inaba, 1999). DCs have
typical protrusions, so-called dendrites. This shape facilitates their movement,
and they are able to migrate and to communicate with T lymphocytes (Ross et
al., 2000).

The aim of this study was to compare methods for isolation of bovine blood
monocytes and subsequent cultivation of isolated monocytes into DCs.

MATERIAL AND METHODS

Two methods that can be used for isolating monocytes from whole bovine blood
were utilized. It is assumed that the monocytes acquired through these methods
will be viable and further usable for in vitro cultivation. It is possible to acquire
DCs by cultivating monocytes.

Isolation of monocytes on the basis of density gradient using OptiPrep
solution

For this experiment, we used OptiPrep solution (Sigma-Aldrich, USA) while
following the method published by Graham (2002). This publication described a
method for isolating monocytes, albeit focused on human blood. Therefore, this
methodology was adjusted to our purposes for isolating blood monocytes of
cattle.

Blood was collected from six clinically healthy virgin heifers, age 18 months,
cross-breeds of Holstein and Czech Fleckvieh. The animals were housed in the
conditions of the experimental stable of the Veterinary Research Institute in
Brno. Blood was collected from the vena jugularis externa in the amount of 10
mL. EDTA (ethylenediaminetetraacetic acid) was used as anticoagulant. A 40%
working solution was prepared by diluting the OptiPrep solution, using four parts
OptiPrep to two parts of RPMI 1640 medium (Roswell Park Memorial Institute,
Sigma-Aldrich, USA). This resulted in a solution with density of 1.217 g/mL.
This solution was further diluted with the RPMI 1640 medium to density of 1.077
g/mL. Subsequently, 4.24 mL of the solution with density of 1.217 g/mL was
mixed with whole blood. This blood (5 mL) was carefully covered with a layer of
the solution with density of 1.077 g/mL using a Pasteur pipette and carefully
poured over with 0.5 mL of the RPMI 1640 medium. This was followed by
centrifugation (700 g) for 30 minutes. After the centrifugation, cells from the
upper layer of the test tube column were collected. The viability of these cells
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was assessed by trypan blue exclusion. The method utilizes the various densities
of the individual types of white blood cells. The acquired cells were stained using
the Pappenheim staining method (Doubek, 2003). A microscope slide was
smeared with a suspension of the cells that had been stained using May-
Grinwald solution for 3 minutes. Distilled water was then added (25 drops over
1-2 minutes). The solution was then poured off from the slide, Giemsa-
Romanovski stain (diluted 10x) was used for 15 to 20 minutes. The solution was
then again poured off from the slide, washed with distilled water, and dried. The
cells were then observed under an Olympus BX51 microscope with PROMICAM
3-5CP digital camera (5SMpx SONY PREGIUS CMOUS USB 3.0) and using the
software QuickPHOTO MICRO 3.2 (PROMICRA).

Isolation of monocytes on the basis of density gradient using Histopaque
solution and magnetic separation of cells

Histopaque solution (Sigma-Aldrich, USA) was used in this experiment along
with the technique of separating cells using magnetic microbeads (MicroBeads,
Miltenyi Biotec, Germany), as described by Szczotka et al. (2009). Blood was
taken from six clinically healthy heifers 18 months of age. The blood was taken
from the vena jugularis externa in an amount of 100 mL. EDTA was again used
as anticoagulant. The blood was centrifuged (2100 rpm), and then the buffy coat
(i.e., leukocytes layer) was collected together with some of the surrounding
erythrocytes and blood plasma. Subsequently, the Histopaque solution was used
(density 1.077). Histopaque was placed into a test tube and softly layered over
with blood, specifically the buffy coat + part of erythrocytes + part of blood
plasma mixture. This test tube, with the contents as described, was centrifuged
for 1 h (2100 rpm). The layer of mononuclear cells (monocytes and lymphocytes)
was then acquired. This suspension of cells was further marked with microbeads
(CD14 MicroBeads, human, Miltenyi Biotec, Germany).
In this manner, antibodies with microbeads were attached to CD14-positive cells.
Subsequently, the CD14-positive cells (i.e., monocytes) were acquired using a
magnetic separator. The viability of cells was evaluated using trypan blue
exclusion. The purity of monocytes was tested by marking the cells with the
CD11c surface molecule, followed by analysis in a BriCyte E6 flow cytometer
(Mindray, China). The acquired cells were stained using the Pappenheim method
(Doubek, 2003), as in the previous experiment. The cells were also observed
under a light microscope, as in the previous experiment.

Cultivation of CD14-positive cells

Cells acquired by magnetic separation (CD14+, monocytes) were used for
cultivation into DCs. Cultivation was performed in cell culture flasks (NuncTM
EasYFlaskTM Cell Culture Flasks, Thermo Fisher Scientific) within an incubator
at temperature 37 °C in an atmosphere of 5% CO,. The cells were cultivated for
72 h. Cytokines IL-4 and GM-CSF (bovine dendritic cell growth kit, Bio-Rad)
were used as growth factors and were part of the RPMI 1640 medium, into which
antibiotics were added — 10,000 units penicillin, 10 mg streptomycin, and 25 pug
amphotericin B per ml (Antibiotic Antimycotic Solution, Sigma-Aldrich, USA).
After cultivation, the cells were again observed by light microscopy, using the
same microscope as in the previous sub-experiments.

RESULTS AND DISCUSSION

Isolation of monocytes on the basis of density gradient using OptiPrep
solution

The first experiment was focused on isolating monocytes from cattle blood using
the methodology from Graham (2002). This method had appeared very suitable
considering the speed of isolation. Unfortunately, the methodology does not
ensure acquiring a pure population of monocytes, as stated by Graham (2002).
This method succeeded only in acquiring a population of mononuclear cells (i.e.,
a mixture of monocytes and lymphocytes) along with a small number of
erythrocytes and granulocytes (in all measurements <5%). The viability of cells
assessed by trypan blue exclusion was >98% in all samples. The population of
the acquired cells can be seen in Figure 1.
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Figure 1 Population of the acquired cells (1000x magnification)

Isolation of monocytes on the basis of density gradient using Histopaque
solution and magnetic separation of cells

The second experiment utilized a Histopaque solution and the technique of
separating monocytes using magnetic microbeads marked for CD14, in
accordance with Szczotka et al. (2009). After isolation with the Histopaque
solution, a mononuclear cell population with >99% purity was acquired. Using
magnetic separation, a cell population with >90% monocytes was acquired.
Monocytes are shown in Figure 2. The purity of the monocyte population was
verified using flow cytometry by marking cells on CD11c. The viability of cells
evaluated by trypan blue exclusion was >99% for all samples.

Figure 2 Monocytes (1000x magnification)
Cultivation of CD14-positive cells

Cells acquired by magnetic separation in the previous experiment were used for
cultivation into DCs. It was analyzed whether these cells were viable and suitable
for cultivation into DCs. Short-term cultivation (72 h) was used. After this
cultivation, the cells were analyzed by microscope and then photographed. As
shown in the following figures, after 3 days of incubation, the CD14-positive
cells were transforming into DCs. The following figures show the CD14-positive
cells in various stages of maturing into DCs (Figures 3, 4, and 5).
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Figure 3 Monocyte transforming into DC (1000x magnification)

e

Figure 4 Monocytes in various stages of maturing into DCs (1000x
magnification)

Figure 5 Cells with marked protrusions typical of DCs (1000x magnification)
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The main objective of these experiments was to determine which of the two
selected methods would be more efficient in isolating a pure population of
monocytes that would then be suitable for cultivation into DCs. As shown in our
results above, the more efficient method appears to be that of Szczotka et al.
(2009). Bovine blood was used for this experiment. The number of monocytes in
normal bovine blood was low due to a low representation of these cells in the
blood. Their percentage representation in differential count in cattle is 3-5%
(Doubek, 2003). After magnetic separation of cells, enriched fractions of marked
cells were acquired. CD14-positive cells had the large nucleus and lower
representation of cytoplasm typical for the morphology of a monocyte. After 72 h
of cultivation, the cells had created dendrites. Morphological characteristics were
evaluated using light microscopy. The development of these cells corresponds to
their early stage of maturing. It is nevertheless apparent that each cell develops
individually, as the cells in the samples were in different stages of development,
ranging from small signs of protrusions to typical elongated protrusions. Based
on the information in his publication, the method according to Graham (2002)
was supposed to be very efficient in acquiring a pure population of monocytes.
We cannot, however, fully agree with this, because even with the most careful
procedure and while precisely following the methodical instructions, this method
cannot lead to acquiring a completely pure population of monocytes but only a
population of mononuclear cells (i.e., a mixture of monocytes and lymphocytes).
We therefore consider the conclusions of said study to be quite misleading. The
development of DCs over time, after isolation from monocytes and subsequent
cultivation, can be as follows: After 24 h of cultivation, monocytes start to
transform into DCs. After 72 h of cultivation, dendrites typical of DCs are
forming (Szczotka et al., 2009). The following methods are used for isolating
leukocytes: hypotonic lysis of erythrocytes, lysis of erythrocytes using FACS
lysing solution, lysis of erythrocytes using NH,CI and density gradient (Slama et
al., 2006). We have excluded some of these methods from our narrow selection.
For this study, we selected the methods of isolation using density gradient. In our
opinion, the method used by Szczotka et al. (2009) is a promising one and could
be used also for subsequent long-term cultivation into DCs. Studies are being
conducted in human medicine for use of these cells to induce anti-tumor
immunity. In such studies, isolated monocytes are prepared into DCs with a
specific tumor antigen added, and after processing the cells are returned to the
patient’s body. Such cells can be then used for various other immunotherapies
and in transplants. Use of these cells in treating HIV also is being considered.
Another publication describes the use of DCs for tumor immunotherapy (Bol et
al., 2019). Isolation of monocytes remain a topic of current interest, as evidenced,
for example, by a study on possibilities of separating monocytes and their
subsequent use (Kim et al., 2019). Monocytes in resting stage complement
tissue-resident macrophages and DCs (Chow et al., 2011). In case of pro-
inflammatory, metabolic, and immunity stimuli, their access and differentiation
into macrophages and DCs are rapidly increasing. Through differentiation, they
contribute to defense capability, tissue remodeling, and healing (Zawada et al.,
2012). Monocytes are capable of producing inflammatory cytokines (Abbas at
al., 2014). By means of receptors that detect pathogens, they can remove various
biological substances and toxic molecules (Gordon and Taylor, 2005).

CONCLUSION

In this article, we describe populations of DCs and monocytes and leukocyte
isolation techniques. The objective of the experiment was to select a suitable
method for isolating monocytes for subsequent cultivation into DCs. Two
methods were selected, the first one had been developed by Graham (2002)
using the OptiPrep solution. This method proved to be unsuitable for isolation of
monocytes from cattle blood. The second method, developed by Szczotka et al.
(2009) using the Histopaque solution and magnetic separation, was more efficient
for isolation of monocytes from cattle blood. It was determined that cells
acquired by magnetic separation were suitable for cultivation into DCs. These
cells have a strong potential for treatment of various diseases, including mastitis
in cattle. We plan to investigate the possibility of DCs to recognize Streptococcus
uberis adhesion molecule (SUAM) and present this information to lymphocytes
during mammary gland inflammation caused by Streptococcus uberis.
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