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ABSTRACT 
 
Background: The immunomagnetic separation technique is the basis of monocyte 
isolation and further generation of monocyte-derived dendritic cells. Objective: To 
compare the efficiency of monocyte positive and negative separation, concentration of 
beads, and their impact on generated dendritic cells. Methods: Monocytes were 
obtained using monoclonal antibody-coated magnetic beads followed the Ficoll-Paque 
gradient separation of mononuclear cell fraction from the peripheral blood of 6 healthy 
volunteers. CD14 expression was analyzed by flow cytometry. Results: The percentage 
of MDDCs generated from monocytes obtained by positive and negative selection was 
comparable (51.8 ± 15.0 and 46.7 ± 3.4, respectively; p=0.885). The median values for the 
number of MDDCs obtained from monocytes after positive selection (3.9 × 106) and for 
MDDCs obtained from monocytes after negative selection (3.1 × 106) were comparable 

(p=0.194). The use of the recommended or half of the amount of beads for both types of 
separation had no significant influence on the percentage of isolated cells. Conclusions: 
Both types of magnetic separation including recommended and reduced concentrations 
of beads did not affect the yield and the purity of monocytes and their surface CD14 
expression. However, DCs originated from the “positively” separated monocytes had 
noticeable higher expression of CD80.  
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INTRODUCTION 
 
The methods that allow maturing dendritic cells (DCs) from in-vitro treatment of other 
cell types are highly desirable as DCs constitute only 0.16-0.68% of leukocytes and 
0.55-1.63% of peripheral blood mononuclear cells, and play a prominent role in the 
immune mechanisms (1). Among many available methods of monocyte isolation, the 
immunomagnetic separation (MACS microbead system) from the peripheral blood 
mononuclear cells (PBMCs) leads to acquiring monocytes with high purity. Positive 
immunomagnetic selection of CD14+ cells is one of the varieties of MACS separation 
and results in acquiring “touched” monocytes. It means that the anti-CD14 monoclonal 
antibodies are attached to the cell surface. This fact raises some concerns about the 
possible adverse effects of bounded antibodies on monocyte activation. It is poorly 
investigated whether monocyte activation may have negative effects on monocyte-
derived dendritic cells (MDDCs) generation. This issue seems to be crucial, especially 
in the context of the use of MDDCs in medical applications, such as cancer 
immunotherapy or vaccine preparation. In recent years a new type of monocyte 
separation by MACS system has been developed. The main difference is to deliver the 
fraction of “untouched” monocytes obtained by depletion of the magnetically labeled all 
non-CD14+ cells (B cells, T cells, NK cells, DCs, early erythroid cells, platelets, and 
basophils) by an indirect labeling system using a cocktail of biotin conjugated 
antibodies against CD3, CD7, CD16, CD19, CD56, CD123, and glycophorin A) (2-4). 
One of the  remaining issues, however, is the relatively high cost of obtaining MDDCs 
by immunomagnetic separation. Taking into consideration the need to decrease the costs 
to make this technique more affordable, we checked the efficiency of the isolation using 
half of the recommended amount of beads stated in the manufacturer’s protocol. 
Furthermore, we compared the effectiveness of positive and negative separation and 
their influence on MDDCs generation.  
 
 
MATERIALS AND METHODS  
 
Subjects. Blood was collected from 6 young healthy volunteers with a mean age of 30 ± 
3 years (range: 25-35 years). All studies were approved by the local Ethics Committee. 
Informed consent was obtained from each participant. 
Isolation of Peripheral Blood Mononuclear Cells. Peripheral blood (40 ml) was 
drawn in vacutainer tubes containing spray-coated heparin (Becton Dickinson). After 
centrifugation (150 ×g for 15min, RT.) and plasma removal, blood was diluted (1:1) in 
RPMI 1640 (PAA, Linz, Austria) and layered on Ficoll-Paque PLUS (GE Healthcare) at 
a ratio of 4:3. After centrifugation at 400 ×g for 30 minutes at 20C without brakes, 
PBMCs were collected in the interphase ring. The cells were harvested and washed 
twice with RPMI 1640. After the final wash the supernatant was completely aspired and 
the cells were suspended in 2 ml of the RPMI 1640 medium at RT. PBMCs were 
counted in the Bürker’s chamber. The mean cell yield after PBMCs isolation out of 
peripheral blood was 5.6 × 107 ± 0.9 (total number of cells from the donor).  The cell 
viability was assessed using a trypan blue dye and ranged from 98 to 99%. After 
isolation procedure, PBMCs were immediately used for monocyte isolation with the use 
of MACS system.  
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Positive and Negative Separation. PBMCs suspension from each blood donor was 
split into two equal parts and separately processed either with a positive bead selection 
or with negative depletion (MACS CD14 MicroBeads #130-050-201, and MACS 
Monocyte Isolation Kit II #130-91-153, respectively, Miltenyi Biotech, Germany), 
according to the manufacturer’s protocol. Briefly, during the positive separation PBMCs 
were incubated with magnetic beads conjugated with mouse monoclonal anti-human 
CD14 antibody at two different ratios of beads per 107 cells: 20 µl (as recommended) or 
10 µl of CD14 Microbeads (half of the recommended amount). After washing with 
MACS buffer (2 ml of buffer per 107 cells), cells were centrifuged at 300 ×g for 10 min 
at 4°C. The supernatant was removed and the cells were suspended in 500 µl of MACS 
buffer and applied onto a LS column placed in the magnetic field of MACS separator. 
The magnetically labeled CD14+ cells were retained in the column while the unlabeled 
cells (CD14¯) passed through the column. After removal from magnetic field, 
magnetically retained CD14+ cells (monocytes) were eluted as a positively selected cell 
fraction. In the case of negative separation, monocytes were obtained from PBMCs 
through the depletion of B cells, T cells, natural killer cells, DCs, early erythroid cells, 
platelets and basophils by an indirect magnetic labeling using a cocktail of biotin 
conjugated antibodies against CD3, CD7, CD16, CD19, CD56, CD123, and 
glycophorin A, as primary labeling reagent, and anti-biotin mAb coated microbeads, as 
secondary labeling reagent. To this end, PBMCs (107 cells) have been suspended 
consecutively in: 30 µl of MACS buffer, 10 µl FcR Blocking Reagent, and either in 10 
µl (as recommended) or in 5 µl of Biotin-Antibody Cocktail, and incubated for 10 
minutes at 4-8C. Next, 30 µl of MACS buffer and either 20 µl (as stated in the 
manufacturer’s protocol) or 10 µl of Anti-Biotin magnetic beads were added. After 
incubation for an additional 15 minutes at 4-8C, the cells were washed with MACS 
buffer and centrifuged. The cell pellet was suspended in 500 µl of MACS buffer and 
applied onto a LS column placed in the magnetic field of MACS separator. The effluent 
of highly pure unlabeled monocytes was collected. 
Monocyte Differentiation into MDDCs and their Stimulation. After MACS 
isolation, monocytes (2 × 106/well/2ml) were cultured in RPMI 1640 medium 
supplemented with 10% FBS (Sigma, Germany) and 10 ng/ml IL-4 and 25 ng/ml GM-
CSF (R&D System, USA) for 6 days (37°C, 5% CO2) to differentiate into MDDCs. 
After that, the cells were incubated on ice for 30 min to detached them from the plastic 
surface of the well, centrifuged, and suspended in culture medium with 10% FBS (+100 
U/ml penicillin, 100 µg/ml streptomycin, 2 mM L-glutamine; Gibco, USA). 1 × 106 
cells/ml was seeded onto 12-well culture plate and infected with M. tuberculosis H37Rv 
(kindly provided by the Institute of Tuberculosis and Lung Diseases, Warsaw, Poland) 
at MOI of 1:1 for 24 h at 37°C, 5% CO2.  
Flow cytometry. The monocytes obtained with positive and negative magnetic separation 
were adjusted to the density of 3 × 105 cells/ml and incubated for 30 minutes at 4C with 
the monoclonal mouse antibodies (mAb): FITC-conjugated anti-human CD14 or an 
irrelevant isotype-matched mAb as control. MDDCs, after bacterial stimulation, were 
treated with Ca2+ and Mg2+-free ice-cold PBS containing EDTA (2 mM) for 10 min, 
harvested and centrifuged. Finally, the pellet was suspended in 0.5 ml PBS (without Ca2+ 
and Mg2+) and the cells were split up into equal samples and stained with the following 
mouse mAb: FITC-conjugated anti-human: CD86, CD40, HLA-DR, DC-SIGN, PE-
conjugated anti-human CD80 for 30 minutes at 4C. All mAbs were purchased from 
Becton Dickinson. After two washings with PBS and centrifugation, the cells were 



Iran.J.Imm

acqu
a mi
(MFI
Stati
softw
analy
consi
 
 
RES
 
One 
separ
nega
respe
antib
separ
the h
bead
separ
not in
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figur
(mon
amou
 

munol. VOL.13 N

uired and an
nimum 10,
I) represent
istical Ana
ware. Data 
yzed by M
idered signi

SULTS AN

of the meth
ration from

ative techni
ectively. Th
bodies (mA
rations are r
high cost. T
ds will affe
ration and t
nfluence the

re 1. Forwar
ocytes) wer

unt of beads 

M

NO.2 June 2016

nalyzed usin
000 events 
ts the molec
alysis. Statis

are expres
Mann-Whitn

ificant.  

D DISCUS

hods for ac
m PBMCs. 

que, which
he separatio
Ab) is quit
relatively u

To address t
ect the perf
he use of re
e number of

rd (FSC) and
re isolated b
(A) or half of

Monocyte magne

6 

ng the FACS
were colle

cule density 
stical analy
ssed as me
ney U test 

SSION 

cquiring mo
There are 

h lead to r
on using ma
te common
uncomplicat
the issue we
formance o
ecommende
f isolated m

d side scatte
by negative 
f the amount

etic separation a

S LSRII (Be
ected. The c

on the cell 
yses were p
edian ± SD

(for unpai

onocytes wi
two variet

receiving “t
agnetic bead
n (5-11). A
ed to perfor
e tested wh

of monocyt
ed or reduce
monocytes. 

er (SSC) of t
and positive

t (B). 

and dendritic ce

ecton Dicki
calculated m
surface. 
erformed w

D. Differenc
ired data). 

ith high pur
ties of this 
touched” o
ds coated w
Although b
rm, their po

hether the re
e isolation.

ed to half th

the leucocyte
e separation

ells 

inson) and F
mean fluore

with STATI
ces between
P values o

rity is the im
method: a

or “untouch
with the spec
both positiv
otential use 
educed num
. We show
e amount of

e population
n method w

FlowJo soft
escence inte

ISTICA 10.
n samples 
of ≤ 0.05 

mmunomag
a positive a
hed” monoc
cific monoc
ve and neg
is limited d

mber of mag
wed that typ

f microbead

n.  The gated
with recomme

135

tware, 
ensity 

.0 PL 
were 
were 

gnetic 
and a 
cytes, 
clonal 
gative 
due to 
gnetic 
pe of 
ds did 

d cells 
ended 



Iran.J.Imm

After
the c
and 4
use o
no si
The 
posit
mono
selec
95.4%
resul
expre
magn
nega

Figur
nega
(box 
of dis
 
 
 

More
the M
posit
of be
Since
comp
the e
amou
by n

munol. VOL.13 N

r positive a
cells constitu
4.1 ± 0.8% 
of the recom
ignificant in
mean perc

tive selecti
ocyte gate s
ction using 
% ± 5.0 an
lts were 87
ession obta
netic beads 

ative isolatio

re 2. Percen
tive isolation
and whisker 

spersion (the

eover, as it 
MFI values
tive and neg
eads were u
e the effici
parable usin
effectivenes
unt of bead
negative mo

NO.2 June 2016

and negative
uted 4.9 ± 3
when half 

mmended or
nfluence on 
entage of g
on and 77
setting, the 
the recomm

nd 95.1% ±
7.1% ± 5.5 
ined by the
was compa

on. 

ntage of pos
n methods u

diagram) sh
e range and i

was shown 
s of the CD
gative isola
sed.  
iency of m
ng the recom
s of dendrit
s-variant. T
onocyte sel

Kowa

6 

e separation
3.2% and 3.
of the amou
r half of the
the placem

gated cells 
7.3% ± 0.8

mean perc
mended am

± 3.6, respec
and 85.8%

e separation
arable (Figu

sitive cells w
sing recomm

hows a meas
nter quartile 

in Figure 3
D14 express
ation method

monocyte de
mmended a
tic cell gene

The total nu
lection from

alewicz-Kulbat M,

n with the u
2 ± 0.5% of
unt of bead

e amount of
ent of mono
was appro

8 in case o
entages of 

mount of be
ctively. Co

% ± 4.1. Th
n with the u
ure 2) either 

 
 
 

with the CD1
mended or h
sure of centra
range). 

3, there wer
sion on the
d both whe

elivery by 
and half-red
eration was 

umber of mo
m the same

 et al. 

use of recom
f PBMCs, r

ds was used
f beads for b
ocytes on th

oximately 8
of the neg
CD14+ gate

eads and th
gnately, for

he percenta
use of recom

in the case 

14 expressio
alf amount o
al location (th

e no signifi
e surface o
en recomme

positive an
duced amoun

determined
onocytes ob
e donor wa

mmended a
respectively
d. As shown
both types o
he FSC/SSC
0.5% ± 3.3

gative selec
ed monocyt

he half of th
r the negati

age of cells
mmended or

of positive

on obtained 
of magnetic 
he median) a

cant differe
f monocyte

ended or ha

nd negative
nt of beads,
d only for th
btained eith
as compare

amount of b
y, and 5.5 ± 
n in Figure 
of separatio
C dot-plot.  
3 in case o
ction. Follo
tes after po
he amount 
ive selectio
 with the C
r half amou
 or in the ca

with positiv
beads. A Bo

and two mea

ences (p>0.0
es obtained
alf of the am

e separation
, in the nex
he recomme
er by positi
d with the 

136

beads, 
2.8% 
1, the 
n had 

of the 
owing 
ositive 

were 
on the 
CD14 
unt of 
ase of 

e and 
oxPlot 
asures 

05) in 
d with 
mount 

n was 
xt step 
ended 
ive or 

total 



Iran.J.Imm

numb
MDD
comp
the n
for M
comp
the p
selec
(part
(indi
tuber
 
 
 

Figur
isolat
of be
repre
histog
fluore
intens
nonre
using
 

munol. VOL.13 N

ber of diff
DCs genera
parable (51
number of M
MDDCs ob
parable (p=0
properties 

cted recepto
ticipating in
icating the d
rculosis H3

re 3. Panel A
tion method. 
ads. One rep

esent the c
grams repre
escence inte
sity was calc
elevant, isoty
g the Mann-W

M

NO.2 June 2016

ferentiated 
ated from m
.8 ± 15.0 an

MDDCs obt
btained fro
0.194). The
of monocy
ors. Theref

n antigen pr
dendritic cel
7Rv.  

A: CD14 sur
Upper row –

presentative 
cell reactivit
esent the r
ensity (MFI) 
culated by th
ype-matched

Whitney test. 

Monocyte magne

6 

dendritic c
monocytes 
nd 46.7 ± 3
ained from 

om monocy
e method ch
yte-derived 
fore, the e
resentation a
ll maturity) 

rface express
– recommen
experiment 

ty to fluoro
eactivity wit
values (me

he MFI of the
d antibody w

etic separation a

cells from 
obtained by

3.4, respecti
monocytes

ytes after n
hosen to obt

dendritic 
expressions
and belongi
were evalu

sion of mono
ded amount 
out of 6 inde

ochrome-mat
th the anti-

edian ± SD 
e CD14 expre
was substrac

and dendritic ce

these mon
y positive a
vely; p=0.8
 after positi
negative se
tain monocy
cells, parti
of CD80

ing to immu
uated using 

ocytes obtain
of beads, bo

ependent one
tched isotyp
-CD14 antib
of 6 indepe
ession from 
cted. Statisti

ells 

ocytes. Th
and negativ

885). The m
ive selection
election (3
ytes may ha
icularly the
, CD86, H
une synapse
MDDCs sti

ned with neg
ottom row – 
es is shown.
pe control 
body. Panel 
endent dono
which the M
cal analyses

e percentag
ve selection

median value
n (3.9 × 106

.1 × 106) 
ave an impa
e expressio

HLA-DR, C
e) and DC-S
imulated wi

gative and po
half of the am
 White histog
antibodies. 
B: The m

ors). Fluores
FI obtained 
s were perfo

137

ge of 
n was 
es for 
6) and 
were 

act on 
on of 
CD40 
SIGN 
ith M. 

ositive 
mount 
grams 

Grey 
median 

cence 
with a 
ormed 



Iran.J.Imm

This 
the w
of DC

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figu
after 
positi
units 
Altera
Perce

The v
show
 
 
 
After
chara
immu
dyna
recep
stimu
surfa
(p=0
(2) a
meth
How
diffic
CD8
comp
tuber
of ge

munol. VOL.13 N

intracellula
wide panel o
C molecule

ure 4. Level
stimulation w
ive separatio
of MFI) rece

ations of rec
entage index

values excee
w decline in th

r bacterial s
acteristic fo
une synaps

amic as for C
ptors on D
ulation with
ace of positi
.01). No sig
also reporte
hod, the lev

wever, they 
cult to pinp
0 expressio
parison to th
rculosis stim
enerated cel

NO.2 June 2016

ar bacterial 
of cytokine

es associated

l of the expr
with M.tuberc
on, the seco
eived for eac
ceptors’ expr
x was calcula

eding 100% 
he expressio

stimulation,
or both pos
se receptors
CD86. That
DCs obtain
h bacteria, 
ively separa
gnificant ch
ed that, reg

vel of basal 
assumed th
oint the pre
on on DCs 
he CD80 ex
mulation. Th
lls. For exam

% index =

Kowa

6 

pathogen, 
es by DCs, i
d with  DC 

ression of s
culosis H37R
nd bar — af

ch type of rec
ession after 
ated as follow

show the en
on. 

 the highest
sitive and n
s: CD80, C
t trend was 
ned from 

the CD80
ated dendrit
hanges were
gardless of
CD86 exp

hat after ce
ecise mecha

derived fr
xpression on
he way of m
mple, it wa

MFI value for r

MFI value for re

alewicz-Kulbat M,

besides its 
is known to
competentc

 
 

 
elected rece

Rv. First bar 
fter negative
ceptor of uns
stimulation w

ws:  

nhancement 

t increase fo
negative iso
CD40, HLA
a bit less in
negative 

0 expression
tic cells com
e observed 
f the varian
pression did
ell stimulati
anism under
om monocy
n the cells g
monocyte is
s reported b

receptor on stimu

eceptor on unstim

 et al. 

ability to 
o be an effe
cy in antigen

eptors of mo
in each pair 

e separation. 
stimulated MD
with bacteria

of the expre

or CD86 ma
olation. Th
A-DR were
ntensive in 
isolation (
n was sign

mpared with
in the case 

nts of mon
d not reveal
ion the diff
rlying the ob
ytes obtain

generated by
solation can
by Elkord e

× 10
ulated cells

ulated cells

stimulate th
ective induc
n presentati

onocyte-deriv
represents d
Median valu

DDCs were a
a were expre

 
ssion and va

arker was o
he expressio
e also elev
relation to C

(“untouched
nificantly in
h those nega

of DC-SIG
nocyte mag
l any signif
ferences cou
bserved enh
ed by posi
y negative s

n implicate c
et al. (10) th

00

he producti
cer of expre
on  (12).  

ved dendritic
data obtained
ues (express
adopted as 1
essed as % 

alues below 

observed and
ons of the 
vated but n
CD80 and C
d” cells). 
ncreased on
atively sepa

GN. Reuter 
gnetic separ
ficant differ
uld appear.
hancement o
tive selecti

selection aft
certain capa
hat the mon

138

on of 
ession 

c cells 
d after 
sed in 
100%. 
index. 

100% 

d was 
other 

not as 
CD40 
After 
n the 
arated 
et al. 

ration 
rence. 
. It is 
of the 
on in 
ter M. 
acities 
nocyte 



Monocyte magnetic separation and dendritic cells 

Iran.J.Immunol. VOL.13 NO.2 June 2016  139

adhesion to the plastic surface resulted in high levels of TNF-, IL-12p70 and IL-10 
secretion after LPS stimulation in contrast to the monocytes isolated by positive MACS 
selection, however, the expression of CD80, CD86 and CD83 remained at the similar 
levels. The possibility of blocking mCD14 molecules by anti-CD14 microbeads 
followed by the positive selection is suggested. It cannot be excluded that the binding of 
the microbeads with the membrane CD14 may change the status of the cells (they 
become the “touched” cells) which later could have an impact on MDDCs phenotypic 
characteristics. The “touched” status can implicate various and numerous transcriptional 
changes which makes  it extremely difficult to identify the exact single mechanism 
responsible for the distinct expression of CD80 on the cells after positive and negative 
selection. Our observation indicates that within the studied receptors, even after using 
M. tuberculosis H37Rv as the stimulator, the alterations in expression of investigated 
receptors are very limited. The lack of differences in the expression of HLA-DR, as well 
as CD11c, CD83 and CD1a in dendritic cells derived from monocytes obtained either 
by MACS-positive magnetic separation or by plastic adherence was also shown in the 
study done by El-Sahrigy et al. (13). Moreover, the authors suggested that to make the 
comparison of separation methods more accurate, the monocytes should be taken from 
the same donor. It is worth mentioning that in our work we used the cells originated 
from the same volunteers. Type of monocyte isolation procedure can modulate the 
intensity of cytokine production, which was reported by Delirezh and Shojaeefar (14). 
They observed lower IFN-γ: IL-4 and IL-12: IL-10 ratios in the case of dendritic cells 
obtained by MACS-positive selection compared to the cells received through adherence 
of monocytes to plastic surface. The modulation of cytokine release generated by the 
technique of monocyte selection can determine the area of DCs application. Moreover, 
the authors raise the issue of the high cost associated with a magnetic selection of cells. 
Our results indicate that the use of reduced quantities of mAb-microbeads allows to 
establish a cost efficient method, cutting the amount of beads in half does not affect the 
yield and purity of obtained cells as well as the surface CD14 expression on monocytes, 
and the presented procedure is applicable either for the positive or negative monocyte 
separation. 
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