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SHORT COMMUNICATION

Phenotypic, functional, and quantitative characterization of
canine peripheral blood monocyte-derived macrophages

R Bueno, MN Mello*, CAS Menezes**, WO Dutra**, RL Santos/™
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The yield as well as phenotypic and functional parameters of canine peripheral blood monocyte-derived
macrophages were analyzed. The cells that remained adherent to Teflon after 10 days of culture had high phagocytic
activity when inoculated with Leishmania chagasi. Flow cytometric analysis demonstrated that more than 80% of
cultured cells were positive for the monocyte/macrophage marker CD14.
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Macrophages play animportant rolein defense against
infection, particularly those caused by intracellular patho-
gens. In addition, they areinvolved in phagocytic removal
of cellsand cell debris, and play akey rolein both innate
and adaptative immune response. These cellsexhibit func-
tional, morphological, and metabolic diversity depending
ontissue environment aswell astheir stage of differentia-
tion or activation (Janeway et al. 2001). The immune re-
sponse against Leishmania is highly dependent upon
macrophages, and athough they are the host cells tar-
geted for infection, they are capabl e of antigen-presenta-
tionandkilling intracel lular Leishmania (Pinelli et al. 1999).
Importantly, mature macrophages from animal tissuesare
not readily available for culture and functional analysis.
Therefore the use of monocytes-derived macrophagesfor
functional studies is a very attractive alternative (Sal-
darriaga2003), particularly becauseit requiresalessinva
sive approach for obtaining the cells when compared to
peritoneal or bone marrow-derived macrophages. Such a
notion isimportant considering the animal welfareissues
that are currently becoming more significant when de-
signing experimentsin which companion animalsare stud-
ied. Isolation, culture, and characterization of alveolar and
peritoneal macrophages (Shaw & Anderson 1984), bone
marrow-derived macrophages (Tipold et al. 1998), and
canine macrophage cell lines derived from malignant his-
tiocytosis (Pinelli et al. 2000) have been described. How-
ever, as pointed out above, the procedures for obtaining
these cellsare not simple and less convenient than obtaing
cellsfrom blood, athough the amount of monocytes that
can beisolated from blood isusually relatively low (Ho &
Babiuk 1979).

Unlike monocyte-derived macrophages from other
animal species such as porcine, caprine (Wardley et al.
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1980), ovine (Olivier et al. 2001), and bovine (Saldarriaga
et al. 2003), canine monocyte-derived macrophages have
not been examined in detail in spite of its previoususein
research (Kurzman et al. 1993, Panaro et al. 1998, Sisto et
al. 2001).

Considering the lack of information about the charac-
terization of canine monocyte-derived macrophages as
well as a standardized procedure for isolation, culture,
and infection of these cellswith Leishmania, we performed
a quantitative and qualitative analysis of monocyte-de-
rived macrophagesisolated from canine peripheral blood.
In addition, these cells were inoculated with L. chagasi
promastigotes to assess their phagocytic activity.

Peripheral blood was collected from 22 adult healthy
dogsof both gendersby jugular punction into heparanized
tubes. The blood was processed for blood analysis and
for isolation of peripheral blood mononuclear cells
(PBMC). Blood (60 ml) was centrifuged at 1600 g for 10
min at room temperature, plasma was separated, blood
cells were ressuspended in phosphate buffered saline
(PBS) (1:1 proportion), overlaid onto a Ficoll solution
(Ficoll-pague Plus, Amershan Biosciences, Little Chalfont,
UK) (at 1 Ficall: 2 blood proportion), and then centrifuged
at 12009 for 40 min at 18°C. PBM C were separated, washed
twice on PBS, and ressuspended in 8 ml of RPMI-1640
(Gibco, Carlsbad, US) supplemented with 10% fetal bo-
vineserum, L-glutamine (200 mM), pyruvate (10 mM), non
essential aminoacids (10 mM), sodium bicarbonate solu-
tion (7.5% wi/v) (Gibco, Carlsbad, US), penicilin (50 [U/
ml), and streptomicin (50 pl/200ml). The cell suspension
was then transferred to Teflon flasks (NalgeNunc, Roch-
ester, US), and cultured at 37°C with 5% CO,, (Forma Sci-
entific Incubator, Waltham, US). The medium was changed
to remove non-adherent cells 24 h later, and the culture
was kept under the same conditions for 10 days, chang-
ing the medium every 3 days. Ten days is the time re-
quired for differentiation of monocytesinto macrophages
(Wardley et a. 1980). Therefore, after 10 daysof culture,
the cellsformed aconfluent monolayer, mainly asaresult
of cell spreading as observed by phase microscopy. At
this point, the macrophage-contai ning Teflon flaskswere
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placed onto ice for 30 min followed by agitation for har-
vesting the cells, which were centrifuged at 2000 g for 10
min, and ressuspend in RPM1-1640. Cell viability wasas-
sessed by trypan blue staining, the concentration of the
cell suspension was adjusted to 300,000 viable cells/ml,
and the cellswere seeded onto achamber slide (Lab-Tek,
NalgeNunc, Rochester, US). In order to analyze the ph-
agocytic activity of these cells, they wereinoculated with
L.(Leishamania) chagasi promastigotes (international
code MCAN/BR/2002/BH400) with amultiplicity of infec-
tion (MOI) of 10 in duplicates. This strain was isolated
from a spleen of anaturally infected dog from the urban
areaof Belo Horizonte, Minas Gerais, Brazil, and cultured
ina-MEM medium, pH 7.4, supplemented with 10% fetal
bovine serum and penicilin (50 1U/ml) at 24°C (B.O.D.
Fanem Incubator, Sdo Paulo, Brazil). Twenty-four or 72 h
after infection, the cellswere stained with amodified Gi-
emsastainig system (Diff-Quick Laborclin, Pinhais, Bra-
zil), and the infection rate established by counting 200
cellsfrom each chamber (two chambers per dog). In addi-
tion to the blood samplefor PBM C isolation, an aiquot of
5 ml of total peripheral blood was obtained at the same
timefor blood cells counting.

In order to further characterize the monocyte-derived
macrophages, CD14 expression was assessed in PBMC
from 9 healthy adult dogs of both genders. CD14 expres-
sion was evaluated in PBMC soon after separation in a
Ficoll gradient as described above or after 10 daysin cul-
turein Teflon Flasks. The cellswere washed two timesin
PBS, and 2 x10° cells were incubated with amonoclonal
antibody anti-CD14 (anti-M-M9:VMRD, Pullman, US) in
96-well-U-bottom microtiter platesfor 15 min at room tem-
perature and then washed with PBS with 0.1% BSA and
0.01% sodium azida, followed by centrifugation for 10 min
at 128 g. The sampleswerethen incubated with a second-
ary goat anti-mouse 1gG labeled with fluorescein
isothiocyanate (FITC) (Sta. Cruz Biotechnol ., SantaCruz,
US). Thecellswerethen fixed with 2% formaldehyde, and
analyzed on aFA CScan (Becton-Dickinson, San Jose, US).
A minimum of 20,000 cellswere acquired from each sample.
After gating on the monocyte/macrophage region accord-
ing to size and granularity profiles, the percentage of
CD14* cells was determined, as previously described
(Souzaet al. 2004).

The parameters were submitted to the Kolmogorov-
Smirnov Normality Test, and means were compared by
the Wilcoxon Signed Ranks Test. Pearson correlation’s

test was applied to the values of blood monocytes and
PBMC or Teflon-adherent cells. The statistical analysis
was performed using the software SPSS 11.0 (Siqueira
2002).

A functional analysis of the monocyte-derived mac-
rophages was performed by evaluating their phagocytic
activity. Inoculation with L. chagasi was employed here
since this method of macrophage isolation and culture
will be used for future studies of Leishmania-host inter-
action in our laboratory. The percentages of macrophage
containing amastigotes (Fig. 1) at 24 and 72 h post inocu-
lation were 75.93 + 9.81% and 76.70 + 14.65%, respec-
tively (n = 22 dogs, 200 cells counted per dog, in dupli-
cates). No statistically significant difference was observed
between these two time points (P > 0.05). These percent-
agesof infection aresimilar to the previously reported for
monocyte-derived macrophages (Panaro et al. 1998), peri-
toneal and alveolar (Shaw & Anderson 1984), or bone
marrow-derived macrophages (Tipold et a. 1998), indicat-
ing a phagocytic activity compatible with that of mac-
rophages obtained by more invasive methods.

Asdepicted in the Table, the number of monocytesin
canine peripheral blood ishighly variable (Dienzle 2002).
Therefore, it isreasonableto hypothesize that theyield of
macrophagesin culturewould be directly proportional to
the number of monocytes in the blood used for PBMC
isolation. Interestingly, we found a non significant low
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Fig. 1: canine monocyte-derived macrophages at 24 h post inocu-
lation with Leishmania chagasi with variable number of intracellu-
lar amastigotes. Inset: detail of a moderately infected macrophage.
Modified Giemsa staining. Bar = 50 pum.

TABLE

Correlation analysi s between monocyte counts in the blood of 22 dogs, and the number of peripheral blod mononuclear cells
(PBMC) obtained by separation through a Ficoll gradient or the number of Teflon-adherent cells (macrophages) after 10 days of

culture
Monocytes/ml of total blood Teflon-adherent cells2 Correlation
3.4%x108+25x 108 41%x10°+1.3x10° r=-0.35(P=0.114)
PBMC b Teflon-adherent cells? Correlation

3.7x 107 + 2.3 x 107

41x10°+1.3x10°

r=0.36 (P = 0.334)

a: total number of Teflon-adherent cells harvested after 10 days of culture; b: total number of PBMC obtained from 60 ml of total

blood immediately after separationin aFicoll gradient.
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and negative correlation between the number of mono-
cyte-derived macrophages after 10 days in culture and
the number of monocytes in the blood sample that origi-
nated the culture (Table). This result indicates that the
number of monocytesin agiven blood sampleisnot pre-
dictive at all of the macrophage yield. In contrast, the
amount of blood leukocytes obtained after separation in
aFicoll gradient correlated positively but not significantly
with the number of macrophages harvested after 10 days
of culture (Table). Importantly, only 1.5 to 5% of original
number of PBMC transferred into the Teflon flasks re-
mained adherent by 10 days of culture.

To ensure that the population of adherent cells after
10 daysof culturewereindeed enriched for amacrophage
phenotype, expression of the monocyte/macrophage
marker CD14 (Janeway et a. 2001) was assessed by flow
cytometry. The percentages of CD14* cells, were 39.11 +
16.19% and 84.17 £ 7.40% (mean + standard deviation) in
the population of PBMC immediately after separationina
Ficoll gradient and Teflon adherent cells after 10 days of
culture, respectively (Fig. 2). These percentageswere sig-
nificantly different (P=0.008). Theseresultsclearly indi-
cate that culture in Teflon flasks resulted in a strong se-
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lectionfor CD 14" cells, whichis supposedly achieved by
theremoval of non-adherent PBM C such aslymphocytes,
wichareCD14~. Saldarriagaet a. (2003) found similar re-
sults with bovine peripheral blood monocyte-derived
macrophages monolayer after 11 days of culture, when
94% of cultured cellswere CD14*.

Fig. 2 also indicates an increase in size (x axis) and
granularity (y axis) of Teflon-adherent cellsafter 10 days
in culture. Thisfinding isin good agreement with the fact
that the culture was enriched for macrophages, which are
larger and more granular than PBM C such as monocytes
and lymphocytes (Dienzler 2002).

Taken together our data demonstrate that canine pe-
ripheral blood monocyte-derived macrophages are
phenotipically and functionally suitablefor biological ex-
perimentation, which might make this approach the first
choice when animal welfare issues are a relevant aspect
for the experimental design.
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Fig. 2 A/B: representative dot plot of size (x axis) vs granularity (y axis) of peripheral blod mononuclear cells (PBMC) immediately after
separation in a Ficoll gradient (A) or Teflon-adherent cells cultured for 10 days (B); the selected gates (R) correspond to monocytes in A
or monocyte-derived macrophages in B. C and D: representative histograms of CD14 expression in PBMC immediately after separation
in a Ficoll gradient (C) or Teflon-adherent cells cultured for 10 days (D). The light gray dot line indicates the distribution of negative
controls, and M/M1 indicates the CD14* population. The values shown in the histogram represen average + SD of all analyzed samples.
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