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Differentiation of human CD14+ monocytes: an
experimental investigation of the optimal culture
medium and evidence of a lack of differentiation
along the endothelial line

Wajima Safi1, Andreas Kuehnl1, Andreas Nüssler2, Hans-Henning Eckstein1 and Jaroslav Pelisek1

The aim of this study was to determine the optimal culturing media for human CD14+ monocytes and to evaluate whether these

cells are capable of differentiating into vascular endothelial cells. Human monocytes isolated from peripheral blood were

cultured for 1, 3, 7, 10 or 14 days in different media containing either 10% fetal bovine serum (FBS), 10% autologous donor

serum (Auto), 10% FBS with interleukin-3 and macrophage colony stimulating factor (FBS-WF) or 10% Auto and the same

growth factors (AU-WF). The cells were differentiated using endothelial cell conditioning medium (EC). Viability was measured

using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay, and the cells were characterized by

histology, immunohistochemistry and western blot analysis. Monocytes treated with Auto, FBS-WF or AU-WF medium generated

a significant higher yield of vital cells after 7 days in culture compared with FBS-only medium (mean difference (MD)=0.318,

P=0.01; MD=1.83, P=0.04; or MD=0.271, P=0.01 and MD=0.318, P=0.102). All tested media led to the

differentiation of monocytes into macrophages, identified by CD68, especially in the FBS-WF medium (MD=+18.3%; P=0.04).

Differentiation into ECs caused a significant decrease in cell viability in all media. Endothelial cell markers, including CD31,

CD144, VEGF, VEGF-R2 and CD34, could not be detected. Autologous serum significantly increases the yield of monocyte-

derived cells with a higher effectiveness than commonly used FBS-only serum. There is no further benefit in culturing monocytes

longer than 7 days. The cultivation of monocytes in the tested media leads preferentially to differentiation into macrophages.

Differentiation into endothelial cells did not take place.
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INTRODUCTION

Circulating monocytes are not yet fully differentiated cells and
have the potential to transform into various other cell types
such as macrophages, dendritic cells, liver Kupffer cells or even
microglia in the central nervous system.1–4 For a long time, it
was believed that monocytes could only differentiate into cell
types possessing a phagocytic capacity. However, several recent
studies indicate that CD14+ monocytes have the ability to
express lineage markers other than their own when treated with
specific additives. Under stimulation with M-CSF and RANKL,
they can, for example, differentiate into osteoclasts.5–7 Kuwana
et al.8–10 reported that monocytes are capable of transdiffer-
entiating into a progenitor cell population that is then able to
differentiate into several mesenchymal cell types, including
bone, fat, neurons and so on.

Endothelial lineage markers such as CD144, vascular
endothelial growth factor (VEGF) and VEGF receptor 2
(VEGF-R2) are co-expressed in vitro by CD14+ monocytes in
response to incubation with a combination of various angio-
genic factors such as VEGF.5,6 Harraz et al.7 also reported that
CD14+ monocytes also have the potential to be incorporated
into the endothelium of blood vessels and to transdifferentiate
into endothelial cells. Several other studies investigated the role
of monocyte-derived circulating endothelial cell progenitors in
neovasculogenesis in human beings.11,12 These cells, however,
were CD14+ negative and constituted a phenotypically distinct
population of circulating endothelial cells. According to
Kuwana et al.13 CD14+ monocytes isolated from the peripheral
blood of patients first transform into a primitive cell popula-
tion with a fibroblast-like morphology that are able to express
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embryonic markers such as CD34 and CD45. This cell
population was termed monocyte-derived multipotential cells
(MOMC). When cultivated in specific growth medium, these
MOMC differentiated into the endothelial cell lineage with
their typical morphology.13 These data suggest that cultivating
monocytes in a media favoring endothelial differentiation may
lead to cells of the endothelial phenotype.8,9,13

The aim of our study was therefore to verify the differentia-
tion of cultured human primary monocytes into the endothe-
lial cell lineage and to assess the optimal cell culture conditions
for monocytes and their differentiation into endothelial cells.
For this purpose, the effect of different cell culture media and
additives as well as the expression level of specific markers,
such as CD14, CD68, CD144, CD106, VEGF-R2 and VEGF, on
these monocyte-derived cells was analyzed.

MATERIALS AND METHODS

Isolation of monocytes and cell culture
Peripheral blood was obtained from healthy adults, and peripheral
blood mononuclear cells were isolated by density gradient centrifuga-
tion using Histopaque (1.077 g ml− 1; Sigma-Aldrich, Munich,
Germany) as previously described.13,14 All cells were cultured in RPMI
1640 medium (Biochrom; Berlin, Germany) supplemented with 1%
penicillin/streptomycin in 6-, 12- and 96-well plastic plates. One of the
following additions was made to the cell culture medium: (1) 10%
fetal bovine serum (FBS) (Biochrom), (2) 10% autologous serum
from the corresponding donor, (3) 10% FBS with the growth factors
M-CSF (5.0 ng ml− 1) (R&D Systems, Wiesbaden, Germany) and IL-3
(0.4 ng ml− 1) (R&D Systems) or (4) 10% autologous serum with the
growth factors M-CSF (5.0 ng ml− 1) and IL-3 (0.4 ng ml− 1). These
media were tested with uncoated plates and with plates coated with
10 μg ml− 1 fibronectin (Sigma-Aldrich).
The cells were allowed to adhere overnight in the chosen medium.

The non-adherent cells were then removed by careful aspiration,
and the remaining heterogeneous cell population, enriched with
monocytes, was cultured in the selected medium for 1, 3, 7, 10 or
14 days at 37 °C and 5% CO2. The chosen medium was replaced by
fresh medium of the same type every 2 days.
Cells that were supposed to differentiate into endothelial cells were

cultured for a maximum of 7 days in the selected medium. After
7 days, the chosen growth medium was removed and the cells were
treated for another 7 days with a commercially available endothelial
cell conditioning medium (EC) (Provitro, Berlin, Germany) supple-
mented with FCS (0.02 ml), ECGS/H (4 μl), human recombinant
EGF (0.10 ng), human rec. basic fibroblast growth factor (1 ng),
hydrocortisone (1 μg), gentamicin (50 μg) and amphotericin
b (50 ng). A medium exchange was performed every 2 days.
The cells were cultured in 6- or 12-well plates and collected by

mechanical scraping at day 1, 3, 7, 10 or 14 (1 plate from the same
batch on each day). The collected cells were characterized by
immunohistochemistry and western blotting. Cells cultured in
96-well plates were used for examining cell viability using the MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay.
Four independent experiments in triplicate were performed each time.

Measurement of cell viability (MTT)
On day 1, 3, 7, 10 or 14, the cells were treated with 10% MTT
(working concentration 0.5 mg ml− 1), which is reduced by living cells
to a non-soluble purple formazan.15,16 For the viability assay, the

experiments were performed using five or six wells of cultured cells for
each treatment. Afterwards, the cells were incubated for 3 h at 37 °C,
and the reaction was stopped by an appropriate stop solution (bidest.
water, 0.01 M HCl, 10% sodium dodecyl sulfate). The optical density
of the cell suspensions was measured at 590 nm.

Cell characterization by histology and
immunohistochemistry
After removal of the growth medium, the cells cultured on 12-well
plates were collected by scraping the cell culture dishes and were
resuspended in 5 ml phosphate-buffered saline (PBS) (Biochrom).
After 5 min of centrifugation at 500 g at room temperature, the
supernatant was removed, and the cell pellet was resuspended in 1 ml
of PBS. One micoliter of the cell suspension was transferred onto a
slide and fixed with acetone.
The slides were stained with various primary antibodies and

visualized using an LSAB-HRP kit (Dako, Hamburg, Germany)
according to the manufacturer’s instructions. To investigate whether
the cultured cells were monocytes, we stained the cells with anti-CD68
antibodies (R&D Systems, dilution 1:10000) as well as anti-CD14
antibodies (R&D, 1:200) on days 1–14. Furthermore, the following
primary antibodies (R&D) were used: CD144 (1:200), VEGF (1:100),
VEGF-R2 (1:200), CD31 (1:200) and CD34 (1:15). All slides were
counterstained with hematoxylin and eosin. The stained cells were
dehydrated in a series of graded ethanol solutions and then covered
with a cover slip. The number of positive cells was counted using light
microscopy (Axio Observer A1; Zeiss, Jena, Germany) at × 4
magnification. The ratio of antibody-positive to antibody-negative
cells on the stained slides was counted on days 1, 3 and 7.
The cells were also cultured on chamber slides after centrifugation

using acetone fixation to generate a better macroscopic picture of their
morphology and their manner of growth.

Cell characterization by western blot analysis
Cells cultured in Auto, FBS-WF or AU-WF were harvested using
trypsin and lysed as previously described.17 Briefly, sample loading
buffer and reducing agent (both from Bio-Rad, Hercules, CA, USA)
were added to the lysates. A standard of 5 μg of protein was used
from every sample. The samples were heated (5 min, 95 °C) and
loaded on 4 to 15% Tris-HCl Criterion gels (Bio-Rad), separated by
SDS–PAGE, and transferred to nitrocellulose. The membranes were
probed for CD14 (dilution 1:1000, all antibodies by R&D Systems),
CD68 (1:500), CD31 (1:500), CD144 (1:100), CD106 (1:1000),
VEGF (1:500, Thermo Fisher Scientific, Schwerte, Germany) and
the housekeeping protein GAPDH (1:5000, Abcam, Cambridge,
UK). The blocking and development procedures were performed in
accordance with the manufacturer’s (Bio-Rad) protocol. The
samples were tested for the chosen antibodies on day 1, 3, 7 and
14 with at least 7 days of prior culturing in endothelial cell medium.
Day 1 was set as 100% in all experiments, and the values at day 3, 7,
10 and 14 are related to day 1 and display the increase or decrease
in cell viability in comparison to the starting day. The proteins were
visualized by a chemiluminescent detection method (SuperSignal
West Pico Chemiluminescent Substrate, Thermo Scientific,
Waltham, MA, USA) using Kodak Scientific Imaging (New Haven,
CT, USA) film. The developed film was digitalized, and protein
quantification was performed using the free software ImageJ 1.44p
(the National Institutes of Health, Bethesda, MD, USA). Following
normalization to GAPDH, the average of the control tissue samples
was set as 100%, and the results were calculated in comparison.
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Statistical evaluation
All results are presented as mean values and mean differences (MDs)
with their s.d. The data were normally distributed, and therefore a
Student’s t-test was used for comparison. Significant differences
among more than two groups were analyzed by one-way analysis of
covariance. All statistical comparisons were two-sided with Po0.05 (*)
as the level of significance. In the Figures, the results are displayed as
boxes-and-whisker plots. The middle line inside each box represents
the median, the upper end of the box represents the 75th quartile, the
lower end of the box represents the 25th quartile, the upper whisker
represents the 97.5th quartile, the lower whisker represents the 2.5th
quartile and open circles represent outliers beyond the 2.5th or 97.5th
quartile. All statistical analyses were performed using SPSS for
Windows version 17.0 software (SPSS, Chicago, IL, USA).

RESULTS

Comparison of different cell culture conditions
The cell viability of the cultured human monocytes was
measured for up to 14 days to evaluate the optimal culture
conditions. No significant differences were observed when
cells were cultured with or without fibronectin-coated plates
(data not shown); therefore, all cell culture experiments were
performed without coating.

The cultured monocytes showed a significant increase in cell
viability between day 1 and 7 in Auto (MD= 0.318; P= 0.01),
AU-WF (MD= 0.271; P= 0.01) and FBS-WF (MD= 0.243;
P= 0.01) (Table 1). FBS-only medium did not generate a
significant increase in viability (MD= 0.104; P= 0.102)

(Figure 1a and Table 1). In the pair-wise comparisons, Auto
(P= 0.02) generated a significantly higher yield of cells than
FBS. Medium supplemented with autologous serum and
growth factors showed the highest viability in absolute cell
numbers at day 7 (Figure 1a). Interestingly, medium with
autologous serum alone showed similar cellular viability as that
supplemented with growth factors, as seen in Figure 1a. Further
incubation in any selected medium until day 14 did not lead to
any additional increase in cell viability (Figure 1b).

Based on the results above, cultured monocytes were treated
with EC starting at day 7 for an additional 7-day period. No
further increase in cell viability was observed after treating the
monocytes with additional EC. On the contrary, there was a
significant and almost immediate decrease in cellular viability
to day 1 values (Auto: 0.259; AU-WF: 0.308; FBS: 0.18;
FBS-WF: 0.215), and at day 14 very few living cells were found
(Figure 1c). In addition, there was no significant difference in
cell viability among any of the four media used during the first
7 days of culturing.

Characterization of the cultured cells
A significant increase in CD68-positive cells from day 1 to 7 in
each of the media was observed during cultivation (Figure 2
and Table 2). The highest increase in the ratio of CD68-positive
to CD68-negative cells was detected in the media with the
growth factors M-CSF and IL-3 (AU-WF, +14.6%; P= 0.41),
with FBS-WF (+18.3%; P= 0.04) being the only medium to
generate a significant increase (Figure 2). Media with auto-
logous serum showed an increase in CD68-positive cells as well
(+9.7%, P= 0.12), but the differences were not statistically
significant. The media with FBS showed the smallest increase in
CD68-positive cells (+7.1%, P= 0.07). Neither markers of
endothelial cells, their progenitors (CD31, CD144, VEGF,
VEGF-R2) nor the stem cell marker CD34 were detected in
the cultured monocytes (Figure 3a). Staining of the cultured
cells with CD14 also showed an increase in CD14-positive cells
when grown with media growth factors (AU-WF-MD=+4.2;
P= 0.457 FBS-WF-MD=+2.3, P= 0.332) or in Auto
(MD=+3.1; P= 0.440) from day 1 to 7 (Figure 3b).

The differentiation of monocytes/macrophages to vascular
cells
After 7 days in different culture media followed by cultivation
for 7 days in EC, only single cells demonstrated a spindle-
shape-like phenotype. Morphologically, the cells resembled
macrophages with their large cell bodies and round nucleus
after the first 7 days (Figure 4). The cobblestone-like structure
reported for endothelial cells was not observed. Under the
microscope, it could be clearly seen that there were hardly any
cells left after 7 additional days in the EC, thus confirming the
results of the cell viability assay (Figure 1b). Interestingly,
immunohistochemical staining with VEGF and VEGF-R2 did
show some positive cells. There were also some cells that
stained positive for CD14, CD68, CD13, CD144 and CD106
(data not shown). Their morphology looked peculiar, however,

Table 1 Cell viability values for each medium at OD 590 nm

from day 1 to 7

Estimates

95% confidence interval

Medium Tag Mean S.e.

Lower

bound

Upper

bound

Dependent variable: Abs
OD_Auto 1 0.259a 0.034 0.192 0.326

3 0.411a 0.034 0.344 0.478
7 0.577a 0.034 0.510 0.644

OD_AU_WF 1 0.308b 0.027 0.254 0.361
3 0.441b 0.027 0.387 0.495
7 0.579b 0.027 0.525 0.633

OD_FBS 1 0.180c 0.016 0.149 0.211
3 0.248c 0.016 0.217 0.279
7 0.284c 0.016 0.253 0.315

OD_FBS_WF 1 0.215d 0.027 0.161 0.268
3 0.308d 0.027 0.254 0.362
7 0.458d 0.027 0.404 0.511

Abbreviation: OD, optical density.
aCovariates appearing in the model are evaluated at the following values:
baseline =0.2586.
bCovariates appearing in the model are evaluated at the following values:
baseline =0.3076.
cCovariates appearing in the model are evaluated at the following values:
baseline =0.1800.
dCovariates appearing in the model are evaluated at the following values:
baseline =0.2147.
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Figure 1 (a) Cell viability from day 1 to 7 in growth media supplemented with either FBS, autologous serum (Auto), autologous serum with
M-CSF/IL-3 (Auto+WF) or FBS and M-CSF/IL-3 (FBS+ WF). (b) Cell viability from day 7 to 14. No significant changes in cell viability could
be detected. (c) Cell viability on days 7 and 14 in endothelial cell conditioning medium after previous cultivation in OD_Auto (10%
autologous serum from the corresponding donor), AU-WF (OD_Auto supplemented with 5 ng ml−1 M-CSF and 0.4 ng ml−1 IL-3), OD_FBS
(standard medium with 10% FBS or OD_FBS_WF (OD_FBS supplemented with 5 ng ml−1 M-CSF and 0.4 ng ml−1 IL-3). A significant
decrease in cell viability compared with day 1 values can be seen for all cultured cells. Statistically significant increases in cell viability
are indicated by an asterisk (‘*’). OD, optical density.
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and did not resemble the well-known features of endothelial
cells. The origin of these cells remains unknown.

Western blot analysis
GAPDH was detected for every sample (data not shown).
CD14 and CD68 were expressed in every sample, with
an increase up to seven times the expression at day 1
(Figures 5a–c). The highest increase was detected for cells
cultured in media with growth factors. Endothelial markers,

such as CD31, CD144, CD106 or VEGEF, could not be
detected in any sample on any day. None of the tested
antibodies could be detected for cells at day 14 with prior
culturing in endothelial cell medium (data not shown).

DISCUSSION

In the current study, we identified cell culture media additives,
such as autologous serum, M-CSF and IL-3, which favor the
proliferation of human monocytes in culture and yield
significantly higher amounts of cells in comparison to standard
medium. The highest cell viability was achieved with all three
additives after 7 days of culture. Surprisingly, even if we used
commercial EC supplemented with appropriate angiogenic
factors, features of endothelial cells could not be detected.
Our results were in contrast with previous reports by Kuwana
et al.10,13 This discrepancy seems to be because these authors
differentiated the human monocytes into endothelial cells
immediately after their isolation, while we waited 7 days. We
suppose that in the isolated CD14+ cells, endothelial progeni-
tors can still exist, which then multiply under suitable cell
culture conditions into the desired cell lineage.6 Cultivating the
monocytes for a longer period of time leads to differentiation
into macrophages, as was observed in our study.

The combination of centrifugation and adherence of cells
seems to be sufficient to improve the purity of monocytes to
70–80%, as described in earlier studies.18–20 The significant
increase in the cell viability was observed for up to 7 days.
Consequently, this time span appears to be the most suitable
for cultivating human primary monocytes. Our main interest
was to optimize the cell culture conditions, and particularly to
increase the cell numbers. There have been no studies
concerning ways to increase cell viability in monocytes.
Commonly, 10% FBS in culture media without any growth

Figure 2 An increase of CD68-positive cells by immunohistochemistry for each of the growth mediums tested was seen. The highest
increase was detected for medium supplemented with growth factors. Statistically significant increases in cell viability are indicated by an
asterisk (‘*’).

Table 2 CD68+/ CD68− cell ratio for every medium from day

1 to 7

95% confidence interval

Medium Parameter B S.e. Lower bound Upper bound

AU-WF Intercept 26.250 3.992 16.483 36.017
(day=1) −14.621 5.645 −28.434 −0.808
(day=3) −9.662 5.645 −23.475 4.151
(day=7) 0 .

Auto Intercept 19.254 2.165 14.489 24.019
(day=1) −9.702 3.248 −16.850 −2.554
(day=3) −4.196 3.062 −10.936 2.543
(day=7) 0 .

FBS Intercept 18.879 1.537 15.454 22.305
(day=1) −7.872 2.306 −13.011 −2.734
(day=3) 0.240 2.306 −4.898 5.378
(day=7) 0 .

FBS-WF Intercept 26.347 2.806 19.135 33.559
(day=1) −18.345 3.622 −27.655 −9.034
(day=3) −7.116 3.622 −16.427 2.195
(day=7) 0 .
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factors is used for cultivation of these cells.13 In our study, we
found that cell culture medium supplemented with autologous
serum generated a significantly higher cell yield of cells in
comparison to FBS-only. We assume that soluble factors, such
as fatty acids, hormones and other unidentified agents, in the

serum of the cell donor are responsible for the effect we
observed.18 In contrast to earlier studies,21 we could indeed
determine a difference in cell propagation when the donor
serum was added to the cell culture medium. Consequently,
autologous serum might be considered a promising additive
favoring the propagation of human primary monocytes.

Media (either supplemented with autologous serum or FBS)
with the growth factors M-CSF and IL-3 showed higher cell
propagation for up to 7 days when compared with non-
supplemented cell culture media. Although the effects of these
growth factors have already been well-studied,22 we were able
to show a new aspect of their impact on the propagation of
human primary monocytes. They not only positively influence
monocyte proliferation, but also their differentiation into
macrophages. In contrast, the medium with commercially
available FBS alone showed no significant ability to propagate
monocytes or to increase their proliferation.

In our study, we were able to show that not only the proper
cell culture medium but also time is an important aspect of
monocyte propagation. We did not see an improvement in
viability for cells cultured longer than 7 days. Consequently,
our data recommend the processing of monocytes during this
period of time.10,13 Based on our observation of the morphol-
ogy of monocytes during cell propagation, the longer the cells
reside in culture, the more of them differentiate into the
macrophage-related phenotype. These results were confirmed
by immunohistochemical staining and western blot analysis.
The presence of growth factors and autologous serum led
to an increase in CD68- and CD14-positive cells.23 In contrast,
medium containing FBS alone showed neither a significant
propagation of macrophages nor an impressive upregulation of
macrophage markers.

Because autologous serum alone achieved a similar increase
in cell viability as medium supplemented with growth factors
but a lesser increase in CD68 expression, we assume that the
presence of M-CSF and IL-3 accelerated the differentiation of
the cells into macrophages more so than favoring their
propagation. The upregulation of CD68 and CD14 corresponds
with the protein expression pattern of macrophages. Further-
more, the cells also resembled macrophages morphologically.
Thus, the cultivation of monocytes in medium supplemented
with growth factors increases cell proliferation but leads also to
cell differentiation. Our observation was supported by the fact
that after 7 days in culture and after subsequent differentiation
into endothelial cells, we were not able to detect any
endothelial cell markers, such as CD144, CD31, VEGF or
VEGF-R2. In contrast to Ruhnke et al.20 and others,5,10,13 we
consider our findings to be a counter-evidence of dediffer-
entiation of the cultivated monocytes. However, Ruhnke
et al.20 differentiated monocytes into hepatocytes, not into
endothelial cells as was attempted in our study. Furthermore,
the authors analyzed various surface markers during the first
6 days of culture and observed an increased expression of
CD14 as we did, but almost no expression of CD34, which is
also a marker of endothelial cells and therefore supports our
findings. Hence, it is possible that monocytes cultivated in

Figure 3 (a) Human cells after isolation of monocytes fixed on a
slide with acetone after staining with CD34 antibody. The cells
were cultured in medium with 10% FBS and growth factors at day
7, ×4 magnification. CD34 cells are stained brown, negative cells
were counterstained with hemalaun (blue). As described in the
results, no CD34+ cells were detected. (b) Cultured cells after
7 days in AU-WF medium fixed on a slide with acetone and brown
LSAB-HRP staining with CD14-antibody, ×8 magnification.
CD14-negative cells are counterstained with hemalaun (blue).

Figure 4 Cells cultured in autologous serum with growth factors on
day 7. The small round cells have changed their phenotype to
either spindle-shaped cells or cells that are round and have a round
nucleus (middle).
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medium containing growth factors are still able to transdiffer-
entiate into hepatocytes but not into the endothelial cell
lineage. The ability of monocytes to differentiate into other
cells under various growth conditions still has to be further
elucidated.

There has been great interest in growing vascular/endothelial
cells from monocytes to repair endothelial damage with

autologous transplants. During embryogenesis, the commit-
ment of a bipotent stem cell for hematopoetic and endothelial
lineages (called a ‘hemangioblast’) is characterized by the
sequential expression of CD144, CD31 and CD34.24,25 It has
been reported that endothelial progenitors can be selected from
the peripheral blood by their expression of CD34, CD133, and
VEGFR212,26 and that these progenitors also express CD144

Figure 5 (a) The western blot analysis for media with a significant increase in cell viability, including Auto, AU-WF and FBS-WF. All three
media show an increase in protein expression for CD14 and CD68 from day 1 to 7. The endothelial markers CD144, CD106 and VEGEF
were not detected. (b) Protein expression from the western blot analysis showed the greatest increase in CD68 for media supplemented
with growth factors after quantification and digitalization. Protein expression of day 1 is set to 100%. (c) Protein expression from western
blot analysis shows the greatest increase in CD14 for media supplemented with growth factors after quantification and digitalization.
Protein expression of day 1 is set to 100%.
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and CD31.27 The differentiation of circulating monocytes into
the endothelial lineage is supposed to follow the same sequence
of events.10 The processing of monocytes in our study failed,
however, to differentiate monocytes into endothelial cells. We
have to admit that the above mentioned studies used more
in-depth analyses by performing flow cytometry and metabolic
tests. However, Runhke et al.20 Kuwana et al. and others have
supported their results using immunohistochemistry as we did.
Our immunohistochemical analyses clearly identified the
cultured cells as macrophages, and no cobblestone-like
morphology characteristic of endothelial cells was observed.
One could also argue that differences in the protocols
might have caused our failure to yield endothelial cells.
Ruhnke et al.20 cultured their cells for only 2 h before
scraping the adherent cells, and Kuwana started with a cell
population of higher purity by using MACS. However,
Ruhnke et al.20 also observed macrophages after a prolonged
culture period (420 days), which is in accordance with our
results. Furthermore, it seems that the difference in the initial
culturing during the 1st day does not lead to different results,
as the recommendation is for up to 24 h, but rather, to a
different yield of cells.17,19 In addition, the differences in the
purity of the starting monocytes (70–80% vs 499%) also
do not seem to be crucial for the results. Both Kuwana et al.
and Ruhnke et al.10,20 succeeded in dedifferentiating their
cultured cells.

In summary, the combined protocol of Ruhnke20 and
Kuwana for cultivating human primary monocytes failed to
differentiate the monocytes into endothelial cells. The proce-
dure used in our study was able to increase the cell viability and
proliferation but led mainly to transformation into macro-
phages, which is the final step in the differentiation process of
these hematopoietic stem cells. Thus, we conclude the follow-
ing: (i) autologous serum and growth factors increase the cell
proliferation and cell number for up to 7 days; (ii) all three
additives lead to trans-differentiation of monocytes into
macrophages. The lowest effect was observed from autologous
serum. Hence, autologous serum as an additive seems to be the
most suitable for maintaining human primary monocytes in
culture; (iii) monocytes are able to differentiate into other cell
lineage, however, different protocols are necessary. Based on
our results and previous reports, individual protocols are
necessary to transform human monocytes into the cell lineage
of interest.
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