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ABSTRACT: This paper investigates the association between expression of CD14 and occurrence of apoptosis in
blood monocytes, resident (
of PBS (,;MAC,, ) or LPS (,, . MAC,
macrophages (;,;MAC,;.and | . MAC, .

ered saline (PBS) and lipopolysaccharide (LPS) in mammary glands of unbred heifers. Cell samples were analysed

resMAC) and inflammatory macrophages from heifer mammary glands after infusion

)- Resident macrophages (,..MAC) were obtained before, and inflammatory

RES
) 24 h after, induction of an inflammatory response using phosphate buff-

for differential counts, CD14 expression, apoptosis and necrosis using flow cytometry. In vitro cultivation led to
a decrease in the proportion of living cells and to an increase in the proportion of apoptotic and necrotic cells in
all macrophages and blood monocytes. In CD14* macrophages, the proportions of live cells increased and propor-
tions of apoptotic and necrotic cells decreased after in vitro cultivation. We observed in CD14~ macrophages and
monocytes that the proportions of live cells decreased and proportions of apoptotic and necrotic cells increased
after in vitro cultivation. Our experiments confirm that the expression of CD14 in bovine mammary gland mac-
rophages and blood monocytes is associated with cell viability.
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List of abrevations

ANOVA = analysis of variance, FACS = flow cytometry, FCM = flow cytometry, FITC = fluorescein isothiocy-
anate, FL = channel, IL = interleukine, , MAC, .. = inflammatory macrophages,  .MAC_ . = inflammatory
macrophages, LBP = lipopolysaccharide-binding protein, LPS = lipopolysaccharide, PAMPs = pathogen associated
molecular patterns, PI = propidium iodide, PMN = polymorphonuclear leukocyte, ,..MAC = resident
macrophages, rPE = r-phycoerythrin, TGF-f = transforming growth factor, TLR = Toll-like receptors,

TNF-a = tumour necrosis factor alpha

Macrophages are the predominant cell type in
healthy mammary gland of heifers (Wardley et al.

interact with a broad family of common pathogen as-
sociated molecular patterns (PAMPs) from different

1976). Macrophages have phagocytic functions and
additional regulatory roles, including regulation of
homeostasis, cellular communication, and induc-
tion and termination of local immune responses.
The first step in an immune response is the recogni-
tion of invading pathogens through receptors, which
are expressed on the surface of macrophages. Toll-
like receptors (TLR) are one family of receptors that

microbial invaders. The PAMPs (lipopolysaccharide,
peptidoglycan and lipoteichoic acid) are capable of
initiating the immune activation of monocyte-derived
cells (Mogensen 2009). Recognition of these PAMPs
is facilitated by accessory molecules: lipopolysaccha-
ride-binding protein (LBP) and the CD14 receptor.
CD14, a glycosylphosphatidylinositol-linked
receptor, is present on mononuclear cells (mono-
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cytes, macrophages) and, to a lesser degree, on
polymorphonuclear leukocytes (PMN) (Landmann
etal. 1991). Binding of lipopolysaccharide (LPS) to
CD14 via LBP initiates signal transduction through
TLR-4 and results in release of pro-inflammatory
cytokines by macrophages (TNF-«, IL-1pB, IL-6
and IL-8). These cytokines trigger PMN migra-
tion from the blood to the site of injury, inducing
an innate immune response against invading bac-
teria (Murray and Wynn 2011). Therefore, CD14
serves as a key receptor and recently it has been the
subject of intensive research in the bovine mam-
mary gland. Differential expression of CD14 has
been observed in freshly migrated inflammatory
macrophages (Paape et al. 1996; Sladek et al. 2002),
in resident macrophages from alveoli (Leitner et
al. 2003; Sladek and Rysanek 2006) and from sur-
rounding tissue (Leitner et al. 2003; Dallard et al.
2009), and finally in blood monocytes (Paape et
al. 1996).

In blood monocytes, the expression of CD14
is strongly associated with cell viability. In fact,
enzymatic removal of membrane-bound CD14 by
phosphatidylinositol-specific phospholipase C has
been shown to evoke programmed cell death, or
apoptosis. On the other hand, activating stimuli
(IL-1, TNF-a, LPS), which lead to enhanced CD14
expression, rescue blood monocytes from apoptosis
(Heidenreich et al. 1997).

The recruited macrophages from blood mono-
cytes also undergo apoptosis and are removed by
resident phagocytes, thus further helping in the
resolution of inflammation (Kolaczkowska et al.
2010; Sladek and Rysanek 2010; Janssen et al. 2011;
Fischer et al. 2013; Periasamy et al. 2013). However,
the relationship between apoptosis and CD14 ex-
pression is not completely understood in terminally
differentiated macrophages after their migration
into inflamed tissues. Therefore, the question re-
mains, whether we can expect anti-apoptotic ef-
fects of CD14 in these macrophages in situ; it also
remains to be elucidated whether the longer life
expectancy of macrophages in situ is determined by
resistance to stimuli that elicit apoptosis of blood
monocytes in vitro (Kiener et al. 1997). This is very
important because in situ macrophages produce
both pro-inflammatory cytokines (IL-1, IL-6, IL-8,
TNF-a, IL-12) and anti-inflammatory cytokines
(IL-10, TGF-B) in response to microbial stimuli
during intramammary infection of dairy cows
(Bannerman 2009). Specifically, the concentrations
of IL-1 and TNF-a, which significantly affect CD14
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expression and thus also apoptosis, are increased
within 18 h of experimental intramammary E. coli
infection (Shuster et al. 1995; Bannerman et al.
2004).

Therefore, the aim of the present study was to
evaluate how the expression of CD14 is associated
with cell viability in recruited and resident mac-
rophages obtained before and after an inflamma-
tory response induced by CD14-dependent (LPS)
and -independent agents (PBS). Because the rela-
tionship between apoptosis and CD14 expression
is known in blood monocytes, in addition to mam-
mary gland macrophages we also analysed blood
monocytes in this study and used this cell popula-
tion as a baseline for comparison.

MATERIAL AND METHODS

Animals. The experiments were conducted on
ten virgin, clinically healthy, Holstein x Bohemian
Red Pied crossbred heifers, aged 15 to 18 months.
The heifers were housed in an experimental tie-stall
barn and fed a standard ration consisting of hay
and concentrates with mineral supplements. The
experimental tie-stall used in this study is certi-
fied, and animal care conformed to good care prac-
tice protocol. All experimental procedures were
approved by the Central Commission for Animal
Welfare of the Czech Republic. All heifers were
free of intramammary infections, as demonstrated
through bacteriological examination of mammary
lavages.

Blood sampling, isolation and processing of
blood leukocytes. Blood (10 ml) was drawn by ven-
ipuncture from the jugular vein of the experimental
heifers into a sterile flask containing 1000 IU hepa-
rin (Leciva a.s., Dolni Mecholupy, Czech Republic)
in 10 ml of PBS (Sigma, Saint Louis, MO, USA).

Isolation of monocytes from whole blood sam-
ples was carried out using FACS Lysing Solution
(Becton Dickinson Biosciences, San Jose, CA, USA)
and a procedure previously described (Hodge et
al. 1999). Briefly, each blood sample (500 pl) was
labelled (for details, see text below) and kept in
darkness at room temperature for 15 min. After
adding 2 ml of FACS Lysing Solution, the sam-
ple was resuspended and centrifuged for 5 min
at 500 x g. Then, the supernatant was decanted
and 2 ml of PBS were added. Another 5-min cen-
trifugation at 500 x g followed, the supernatant
was then removed, and the sediment was resus-
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pended in 500 pl of RPMI medium (RPMI 1640
medium, Sigma, Aldrich, USA, supplemented with
100 000 IU/1 penicillin, 100 mg/1 streptomycin and
4 mg/l gentamicin with 10% foetal calf serum from
Invitrogen, Carlsbad, USA).

Collection of macrophages from mammary
gland. Three samples of mammary gland mac-
rophages were obtained in this study. The first
sample was from the untreated mammary gland
of heifers (resident macrophages [,..MAC]), the
second from mammary gland following PBS in-
fusion (inflammatory macrophages [INFMACPBS]),
and the third following LPS infusion (inflammatory
macrophages [INFMACLPS]).

A modified urethral catheter (AC5306CHO06,
Porges S.A., France) was inserted into the teat ca-
nal of each quarter after thorough disinfection of
the teat orifice with 70% ethanol. Each mammary
quarter was infused with 20 ml PBS (dissolved in
apyrogenic distilled water, Sigma, St. Louis, MO,
USA), massaged, and then the PBS containing the
resident cell population was retrieved through the
catheter. The lavage volumes were 15-20 ml.

Immediately after harvesting resident cells, the
mammary glands of five heifers were infused as
before with 20 ml PBS. The mammary glands of
the remaining five heifers were infused with 10 mg
of LPS (LPS of Escherichia coli serotype O128:B12,
Sigma, St. Louis, MO, USA) diluted in 20 ml PBS.
Samples of the mammary gland inflammatory cell
populations were obtained by lavage 24 h after
treatment. The lavage volumes were 15-20 ml.

Isolation and processing of resident and inflam-
matory macrophages. Immediately after harvesting,
all obtained lavages were bacteriologically examined
by culture on blood agar plates (5% washed sheep
erythrocytes) and aerobic incubation at 37 °C for 24
h. The results in all cases were negative.

Total mammary cell counts in lavages were de-
termined using a Fossomatic 90 apparatus (Foss
Electric, Denmark) and the procedure recom-
mended by the International Organization for
Standardization (2006).

Next, both samples of resident and inflammatory
cells (15-20ml) from lavages were centrifuged at
4 °C and 200 x g for 10 min. One millilitre of the
supernatant was retained for resuspension of the
pellet. The remaining supernatant was decanted.
All of the samples were adjusted (5 x 10° cells/ml)
in RPMI 1640.

In vitro cultivation of blood monocytes and
mammary gland macrophages. The processed

blood monocytes and mammary gland macrophag-
es were divided into two parts. The first part was
immediately analysed as a fresh population. The
remaining samples were incubated in vitro. The ad-
justed blood and mammary gland cell suspensions
were inserted into Corning microplates (Costar
Ultra Plates, Myriad Industries, San Diego, CA,
USA) and were incubated for three and six hours
at 37 °Cin an incubator with a 5% CO, atmosphere
in accordance with Newman et al. (1982). The fresh
and in vitro cultivated cell populations were ana-
lysed by flow cytometry.

Flow cytometry analysis. Flow cytometry (FCM)
analysis was used for determining the differential
counts, detecting apoptosis and necrosis in cells,
and detecting CD14 expression. The instrument
for FCM was set to analyse 20 000 cells per sam-
ple. Final dot plots were evaluated qualitatively and
quantitatively using CellQuest software (Becton
Dickinson, Mountain View, CA, USA).

Differential cell count. Percentages of individual
cell types — granulocytes, monocytes, macrophages
and lymphocytes — were read from forward-scatter
versus side-scatter dot plots as described previ-
ously (Sladek et al. 2002) (Figure 1).

Detection of apoptosis and necrosis. Apoptotic
and necrotic monocytes and macrophages were an-
alysed after simultaneous staining with Annexin-V
labelled with FITC and propidium iodide (PI) as
described by Vermes et al. (1995). The commer-
cial AnnexinV-FLUOS Staining Kit (Boehringer
Mannheim, Mannheim, Germany) was used ac-
cording to the manufacturer’s instructions. Briefly,
500 ml of the incubation buffer (10mM HEPES/
NaOH, pH 7.4; 140mM NaCl; 2.5mM CaCl,)
was mixed with 10 ml of PI and 10 ml of FITC-
Annexin-V solutions to prepare the working solu-
tion. The cell suspension was adjusted to 1 x 10%/ml
in 100 ml of fresh incubation buffer containing PI
and FITC-Annexin-V. The suspension was analysed
using FCM after 15 min of incubation at room tem-
perature.

Detection of CD14 expression. We used tricolour
labelling to detect CD14 expression in healthy, ap-
optotic and necrotic monocytes and macrophages.
The cells were washed in solution supplemented
with 10% heatinactivated porcine serum. After
20 min, 50 ml of the cell suspension was incubat-
ed with the primary monoclonal antibody (mouse
anti-ovine CD14, VPM65, Serotec, Oxford, UK) di-
luted 1:20 at 4 °C for 15 min. The cells were washed
with the washing solution and centrifuged after
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which the supernatant was removed. A second-
ary antibody (r-phycoerythrin, rPE labelled swine
anti-mouse IgG1, SouthernBiotech, Birmingham,
Alabama, USA) diluted 1 : 360 was added and the
tubes were incubated at 4 °C for 20 min. After an-
other wash step, the cells were resuspended in the
washing solution. Negative control samples were
stained with the secondary antibody only. The
labelled samples and controls were immediately
stained with FITC (FL1) and PI (FL3) to demon-
strate the association between cell death and CD14
expression (FL2 — rPE) and evaluated by FCM.

Method for compensation of AnnexinV-FITC, rPE
and Pl in flow cytometry. The FL2-FL3 channel and
FL3-FL2 channel are critical for three colour set-
ups using rPE and PI. Since PI from FL3 channel
bleeds into FL2 channel it must be compensates.
Therefore, we used control samples with PI and no
rPE and samples with rPE but no PI to show that
clean FL2 and FL3 signals were obtained in these
control samples (Figure 2). The strategy for FCM
analysis after compensation was to identify:
CD14 positive cells — live (CD14*/AnnexinV~/PI),
apoptotic (CD14*/AnnexinV*/PI7), and necrotic
cells (CD14*/AnnexinV*/PI*).

CD14 negative cells — live (CD147/AnnexinV~/PI"),
apoptotic (CD147/AnnexinV*/PI7), and necrotic
cells (CD147/AnnexinV*/PI*).

Debris was always excluded from the enumera-
tion due to the possible CD14 positivity of epithe-
lial cells (Strandberg et al. 2005).

Statistical analysis. One way analysis of variance
(ANOVA, Scheffe’s test) was used to evaluate the
significance of differences in the proportions of

MAC, . MAC MAC, ., CD14", apoptotic

RES ? INE PBS’ INF LpS’
and necrotic monocytes and macrophages. The sta-

tistical analysis was used to determine significant
time-point and between treatment differences in
all in vitro-cultivated cell populations. For this pur-
pose, all percentage values were calculated from the
same total values of cells in each sample (i.e. 2 x
10*cells). Statistical analyses were carried out using
GraphPad Prism ver. 5.01 (GraphPad Software, La
Jolla, CA, USA).

RESULTS

Mammary gland macrophages in situ

In untreated mammary glands, we observed
resMAC to be the dominant cell population,
comprising nearly two-thirds of all cells and fol-
lowed by lymphocytes and neutrophils. Based on
forward-scattered and side-scattered light param-
eters on dot plots in FCM and morphology under
light microscopy, it was possible to distinguish two
forms of . (MAC: monocyte-like macrophages and
vacuolised macrophages (Figure 1A). Vacuolised
macrophages were slightly dominant (29.7 + 5.5%)
in untreated mammary glands in comparison to
monocyte-like macrophages (27.3 £ 7.6%).

Intramammary application of PBS or LPS re-
sulted in an inflammatory response characterised
by an influx of inflammatory cells, of which neu-
trophils were the dominate cell type (Figure 1C).
The cell populations contained approximately
20% \MAC,, and 6% .MAC, ., respectively.
In contrast to untreated mammary glands, mono-
cyte-like macrophages were the dominant form in
PBS-treated mammary glands (15.5 + 4.2%) and in
LPS-treated mammary glands (3.1 £ 2.1%).

Table 1. The proportions of CD14*, apoptotic and necrotic cells in fresh populations of resident and inflammatory

macrophages and blood monocytes and after cultivation ix vitro

CD14* cells

Apoptotic cells Necrotic cells

0h 6h 0h 6h 0h 6h
MAC monocyte-like cells 531+104 644+75 66+1.6 144+3.6" 21+04 89+19*
RES vacuolised cells 785+10.5 89.9+97 229+47 272+44  165+33 30.1+3.9*
MAC monocyte-like cells 60.7 +12.5 70.1+145 3.9+21 125442 38+12 102+ 4.8*
INEYPBS vacuolised cells 731463 741+78 91%26 17.9+31* 11.1+29 30.6+4.9*
MAC monocyte-like cells 391498 57.3+9.2* 4.9+23 84+16° 103+4.1 234+52%
INETMIPS vacuolised cells 68.1+43 79.2+62"  61+28 94+45 153+38 40.9+63*
Blood monocytes 523442 261+74" 12£04 215+68% 19%13  87+22*

Data are means + SD in percentages and significant differences are marked by asterisks (*P < 0.05, **P < 0.01; Schefte’s

method). The comparisons were made among 0 h samples and 6 h samples after cultivation in vitro
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Figure 1. Gating strategy for monocyte-like and vacuolised resident macrophages and neutrophils on representa-
tive dot plots. The higher dot plot shows the distribution of cells differentiated by their forward-scatter (FSC) and

side-scatter (SSC) parameters, with the monocyte-like , . [MAC (red) and vacuolized

resMAC (green) populations

highlighted (A). Cells obtained from untreated mammary glands. The lower dot plot shows the distribution of cells
differentiated by their FSC and SSC parameters, with the neutrophils (magenta) population highlighted (C). Cells
obtained 24 h after intramammary application of LPS. Monocyte-like ,..MAC and vacuolised , . .MAC are evident

together with two neutrophils (B) and a few neutrophils (D) are also seen under the light microscope. May-Griinwald

Giemsa stain (Pappenheim method). Magnification 1000.

The fresh populations of , .. MAC, . _MAC

RES ’ INF PBS
and || .MAC, ., contained different proportions
of CD14*, apoptotic and necrotic cells (Table 1).
Higher proportions of CD14", apoptotic and ne-
crotic cells were observed in vacuolised ,.MAC.
Conversely, a lower proportion of CD14" cells was
observed in monocyte-like | .MAC, ,, apoptotic
cells in monocyte-like | .MAC, .., and finally ne-
crotic cells in monocyte-like resMAC (Table 1).

In freshly isolated blood monocytes, more than
half the cells were CD14". Apoptosis and necrosis

were observed at very low levels (Table 1).

Cultivation of mammary gland macrophages
and blood monocytes in vitro

In vitro cultivation altered the proportions of
CD14%, apoptotic and necrotic cells in all populations
of macrophages and blood monocytes (Table 1).

CD14 expression. The proportions of CD14*
cells increased during cultivation in all macrophage
populations. However, when we compared time
points 0 h and 6 h, significant differences were
observed only in monocyte-like || MAC, .. (P <

0.05) and vacuolised neMAC, o6 (P<0.01) (Table 1).
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Table 2. In vitro time-dependent changes in proportions of live, apoptotic and necrotic cells in populations of CD14

positive macrophages and CD14 positive blood monocytes after 6 h cultivation measured by tricolour immunofluo-

rescence using flow cytometry

CD14*/live cells CD14"/apoptotic cells CD14*/necrotic cells
CD14* cells
Oh 6h Oh 6h Oh 6h
MAC monocyte-like cells 86.1+39 934+28* 104+45 3.4 £1.2% 3511 32+12
RES vacuolised cells 584 +73 793 +£55" 31.7+41 14.6 £4.5** 9.9+33 6.1 3.9
MAC monocyte-like cells 753+82 888+58" 14.8+53 7.4 £ 4.2% 9.9+3.2 3,8+1.8
INF PBS  vacuolised cells 65382 81.8+4.1* 231+48 114+39* 11.6x5.1 6.8 2.9
MAC monocyte-like cells 734+71 828+63* 162+3.3 9.8 £3.7** 104 = 4.4 7.4 %32
INF LPS  vacuolised cells 36.8+43 492+13.7* 323+122 281+95 309+48 22.7x7.2
Blood monocytes 89.9+43 602+ 8.6% 72+17 26.6 £6.8* 29+£0.7 13.2+39*

Data are means in percentages, measured at 0 h and 6 h, and significant differences are marked by asterisks (*P < 0.05, **P <

0.01; Scheffe’s method). The comparisons were made among 0 h samples relative to 6 h samples after cultivation in vitro

Significant between-treatment differences were ob-
served between vacuolised . .MAC and monocyte-
like neMAC, (P <0.01)and neMAC, L (P<0.01).

Apoptosis. A similar phenomenon was observed
for apoptosis, which increased in all macrophage
populations. The only instance in which the be-
tween-time point differences observed were not sig-
nificant was in vacuolised , . [ MACand || MAC, ¢
(Table 1). Significant between-treatment differ-
ences were observed between vacuolised ,, JMAC
and remaining macrophage populations (P < 0.01)
after 6 h of cultivation.

Necrosis. When we compared the proportions
of necrotic cells at 0 h and 6 h time points, sig-
nificant differences (P < 0.01) were observed in

all populations of macrophages and blood mono-

cytes (Table 1). Significant between-treatment dif-
ferences (P < 0.01) were observed in vacuolised
neMAC, L in comparison to the other groups of
macrophages and monocytes.

In blood monocytes, by contrast, a significant de-
crease in CD14" cells (P < 0.01) was observed along
with a significant increase in apoptotic and necrotic

cells (P < 0.01) after 6 h of cultivation (Table 1).

Tricolour labelling of macrophages
and blood monocytes

Tricolour labelling analysis revealed differing
proportions of living, apoptotic and necrotic cells
in the populations of CD14* macrophages and

Table 3. In vitro time-dependent changes in proportions of live, apoptotic and necrotic cells in populations of CD14

negative macrophages and CD14 negative blood monocytes after 6 h cultivation measured by tricolour immunofluo-

rescence using flow cytometry

CD14 /live cells

CD14 /apoptotic cells CD14 /necrotic cells

CD14 cells

Oh 6h Oh 6h Oh 6h

MAC monocyte-like cells 934+45 904+65 27+15 43+28 39+27 53+25
RES vacuolised cells 683 +124 403+7.1* 203+11.1 20.6+8.2 114+ 6.3 39.1 £ 3.6%

MAC monocyte-like cells 947 +1.6 90.8+7.1 28 +1.1 4.7 £ 3.1 2.5+0.8 45+3.1
INF PBS  vacuolised cells 83.8+104 764+136 71+38 8.2+3.6 9.1+54 154 +4.2

MAC monocyte-like cells 845+48 793+10.8 9.1+33 9.3+49 6.4 +22 114 +5.9
INF LPS vacuolised cells 88.1+3.1 833%55 41+1.6 22+19 84+11 104=%21
Blood monocytes 904 +31 93.7+6.2 3.7+17 20+1.2 59+26 43+25

Data are means in percentages, measured at 0 h and 6 h, and significant differences are marked by asterisks (*P < 0.05, **P <

0.01; Scheffe’s method). The comparisons were made among 0 h samples relative to 6 h samples after cultivation in vitro
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Figure 2. Compensation of AnnexinV-
FITC, rPE and PI in flow cytometry and
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gating strategy for detection of CDI14
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tion of cells differentiated by their for-
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dot plot and shows cells labelled with no
PI and with rPE and presents clean signal
in region R3 on FL3 axis. Dot plot E from
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ferentiated by their forward-scatter (FSC)

and side-scatter (SSC) parameters, with
the vacuolised ,..MAC populations high-
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lighted in region R1. Dot plot F was gated

from dot plot E, shows cells labelled with
PI and rPE and represents the distribution
of CD14-positive (region R2 on FL2 axis)
and CD14-negative macrophages (region
R3 on FL3 axis). Dot plot G was gated from
region R2 of dot plot F and shows CD14
negative cells labelled with FITC and PI
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AnnexinV*/PI*). Dot plot H was gated
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from region R3 of dot plot F and shows
CD14-positive cells labelled with FITC
and PI — live (region R4 CD14*/Annex-
inV~/PI"), apoptotic (region R5 CD14*/
AnnexinV*/PI"), and necrotic cells (region

R5

monocytes (Table 2). Meanwhile, mostly living
cells were observed in the population of CD14~
macrophages and blood monocytes (Table 3).

Living cells

In CD14* macrophages, the highest proportion of
living cells was observed in monocyte-like ,..MAC

R6 CD14*/AnnexinV*/PI")

and the smallest in vacuolised ,, [MAC, ... In vitro cul-
tivation led to significant increases in the proportions
of living cells in all categories of CD14* macrophages
(Table 2). In CD14~ macrophages the highest pro-
portion of living cells was observed in monocyte-like
neMAC,,, and the smallest in vacuolised . [MAC.
Cultivation led to non-significant decreases in all
categories of CD14™ macrophages, and a significant

decrease in vacuolised resMAC (P < 0.05) (Table 3).
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Apoptotic cells

In CD14* macrophages, the highest propor-
tion of apoptotic cells was observed in vacuolised
wgMAC, o and the smallest in monocyte-like
RESMAC. In contrast to living CD14* cells, in vit-
ro cultivation led to significant decreases in the
proportions of apoptotic cells in all categories of
CD14* macrophages, and a non-significant de-
crease in vacuolised neMAC, b (Table 2).

In CD14" macrophages, the highest proportion of
apoptotic cells was observed in vacuolised . [MAC
and the smallest in monocyte-like , . [MAC. In vit-
ro cultivation led to non-significant increases in
apoptotic cells, except for vacuolised . MAC, ¢
(Table 3).

Necrotic cells

In CD14* macrophages, the highest proportion of
necrotic cells was observed in vacuolised |, MAC, .
and the smallestin monocyte-like .. [MAC. Compared
to the apoptotic cells, in vitro cultivation led to non-
significant decreases in the proportions of necrotic
cells in all categories of CD14* macrophages (Table 2).

In CD14~ macrophages, the highest proportion of
necrotic cells was observed in vacuolised , . ./MAC
and the smallest in monocyte-like | . MAC, ¢
(Table 3). In vitro cultivation led to non-significant
increases in the proportions of necrotic cells in all
categories of CD14~ macrophages, and a significant
increase in vacuolised , . [ MAC (P < 0.01).

Blood monocytes

In CD14* blood monocytes, we observed a sig-
nificant decrease in live cells (P < 0.01) and a sig-
nificant increase in apoptotic and necrotic cells (P <
0.01) after in vitro cultivation (Table 2).

In CD14~ blood monocytes, we observed a non-
significant increase in live cells and non-significant
decrease in apoptotic and necrotic cells after in
vitro cultivation (Table 3).

DISCUSSION

This study evaluated the association of CD14
expression with cell viability in different types of
bovine mammary gland macrophages obtained be-
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fore and after an inflammatory response induced
by CD14-dependent and -independent agents. To
our knowledge, this is the first work comparing
CD14 expression and cell death in macrophages
in bovine veterinary medicine.

In fresh blood monocytes, we observed approxi-
mately 50% of cells to express CD14. This propor-
tion is similar to that obtained for blood monocytes
from dairy cows reported by Paape et al. (1996),
who discovered a CD14* proportion of about 60%
in the peripheral blood of lactating dairy cows and
Kiku et al. (2010) who reported a rate of about 40%
in cows postpartum.

We found that in vitro cultivation led to an ap-
proximately 50% decrease in CD14 expression in
blood monocytes. This may correspond with the
findings of Bosshart and Heinzelmann (2011), who
observed that levels of CD14 on monocytic surfaces
decreased on average by 25% after 4 h of incubation
ex vivo and in the absence of inflammatory stimuli.
The mechanism of decrease in CD14 expression in
monocytes involves internalisation of membrane-
bound CD14, followed by processing and secretion
of soluble CD14 (Stelter 2000). A second possible
mechanism for downregulating membrane-bound
CD14 may be linked to the rapid recycling of CD14-
TLR4-MD2 complexes between the plasma mem-
brane and the Golgi apparatus (Latz et al. 2002).

In this study, decreased CD14 expression in bo-
vine blood monocytes could be associated with
an induction of apoptosis and necrosis similar to
what has been reported in human blood monocytes
(Heidenreich et al. 1997; Bosshart and Heinzelmann
2011). We exploited the discrimination of CD14*
monocytes in dot plots to measure apoptosis and
necrosis during cultivation. We found that the pro-
portion of live cells in the population of CD14*
monocytes was significantly decreased and the
proportions of apoptotic and necrotic monocytes
significantly increased. It is evident from these
findings that the rapid decrease in CD14 expres-
sion in bovine blood monocytes is accompanied by
decreased cell viability due to increases in apoptotic
and necrotic CD14" cells.

Bovine mammary gland monocyte-like mac-
rophages are derived from blood monocytes
(Sladek and Rysanek 1999) and therefore they
exhibit a similar expression of CD14. In contrast,
in vacuolised macrophages we observed a higher
expression of CD14. This may be related to their
scavenger function, which is typical for some
tissue-resident macrophages other than intesti-
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nal and colonic macrophages (Smith et al. 2011).
High CD14 expression has also been observed in
alveolar-resident macrophages in the lungs (Jiang
et al. 2003) and in mice peritoneal macrophages
(Davicino et al. 2006). Alternatively, the positive
effect on CD14 expression may be evoked by com-
ponents of the mammary gland’s alveolar and tissue
microenvironment, as has been observed in mice
lungs (Maus et al. 2001).

In this study, we observed a significant effect of
LPS on CD14 expression in fresh mammary gland
macrophages. This is in accordance with the ob-
servations of Paape et al. (1996), who reported a
decreased proportion of CD14" mononuclear cells
after intramammary injection of LPS. Similarly,
Landmann et al. (1996) observed a reduction in the
expression of CD14 mRNA and CD14 in monocytes
and in monocyte-derived macrophages. Moreover,
Lin et al. (2004) observed that LPS and E. coli sig-
nificantly reduced the expression of CD14 in alveolar
macrophages. Another explanation for this phenom-
enon is offered by the fact that CD14 is shed from
the membrane into the extracellular space during the
interaction of macrophages with LPS (Sugawara et
al. 2000). Therefore, intramammary challenge with
E. colihas been shown to induce significant increases
in concentrations of soluble CD14 in infected quar-
ters (Bannerman et al. 2004). The effects of LPS on
CD14 expression are directly influenced by the de-
gree of monocyte-to-macrophage differentiation
(Landman et al. 1996) and mature macrophages with
vacuolated cytoplasm express more CD14 (Dallard
et al. 2009). Therefore, we observed a lower pro-
portion of CD14" cells in monocyte-like , [MAC, ..
compared to vacuolised | .MAC, ..

Cultivation in vitro led to a significant increase in
CD14 expression in MAC, .. in comparison to
neMAC . and . MAC. This corresponds to data
in the literature showing a stimulatory effect of LPS
on CD14 expression in blood monocytes and the
well-described biphasic pattern of LPS in tissue mac-
rophages (Landmann et al. 1991; Chen et al. 1992;
Hopkins et al. 1995). In a first phase, Landmann et al.
(1996) found LPS to cause a weak reduction in CD14
transcription and CD14 expression after six to 15 h
of LPS incubation in human monocytes as well as in
macrophages. Similarly, incubation of rabbit alveolar
macrophages for 24 h with LPS and E. coli has been
shown to cause a significant decrease in CD14 ex-
pression (Lin et al. 2004). In the second phase, LPS
caused a two-fold increase in CD14 RNA and CD14
expression after a two-day incubation (Landmann

et al. 1996) or 48 h after intramammary LPS instil-
lation (Sladek et al. 2002). The results of this study
suggest that the expression of CD14 on the surface
of macrophages from bovine mammary gland after
instillation of LPS shows a biphasic pattern.

The increased CD14 expression in ., .MAC

INF PBS’
MAC d ,..MAC was accompanied by in-

INF Lps AN Rreg
creasing proportions of apoptotic and necrotic cells
during in vitro cultivation. We were interested in
whether the increased expression of CD14 may be
caused by apoptotic and necrotic cells. To address
this question, we analysed apoptosis and necrosis
in CD14* macrophages as well as in blood mono-
cytes. The analysis of CD14* macrophages in flow
cytometry showed that most of the CD14* mac-
rophages are living cells, with the exception of the
vacuolised , . MAC, , where live cells formed only
one-third of the population. In contrast to blood
monocytes, the proportion of live cells was sig-
nificantly increased after in vitro cultivation in all
CD14" macrophages. At the same time, the propor-
tion of apoptotic and necrotic cells was significantly
decreased in all CD14* macrophages. It is evident
from these findings that the increase in CD14 ex-
pression in bovine mammary gland macrophages is
accompanied by increased cell viability due to a de-
crease in the levels of apoptotic and necrotic cells.
In bovine mammary gland, apoptosis of ., (MAC
is associated with natural senescence (Sladek and
Rysanek 2010). Therefore, a lower proportion of
apoptotic cells is to be expected in monocyte-like
RESMAC in comparison to vacuolised RESMAC, be-
cause these are relatively young cells derived from
monocytes and are rescued from early apoptotic
death (Bellingan and Laurent 2008). In comparison
to prsMAC, apoptosis of |, [MAC, . and |, [MAC, ¢
seems to be one of the critical events in the reso-
lution of the inflammatory response (Sladek and
Rysanek 2010), analogous to what is observed dur-
ing resolution of acute lung injury (Janssen et al.
2011). Moreover, apoptosis and the phagocytosis of
apoptotic macrophages were reported to be impor-
tant in a murine model of pneumococcal infection
(Marriott et al. 2006) and also appear to be involved
in the intracellular killing of phagocytosed bacteria
(Dockrell et al. 2001). In bovine mammary gland,
the lower proportions of apoptosis in , MAC, ¢
and . MAC, ¢ are related to the initial phase of
the inflammatory response (Sladek and Rysanek
2010). However, apoptosis was significantly delayed
in , :MAC, . in comparison to | MAC,, and also

Lps  COTHPALIS INF PBS
to ;cMAC after in vitro incubation. This suggests
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that LPS induces resistance to apoptosis and may
promote the survival of these cells (Manna and
Aggarwal 1999); further, the delayed induction of
apoptosis in macrophages may limit tissue injury
and contribute to the resolution of inflammation
(Fischer et al. 2013). This anti-apoptotic response
may correlate with the up-regulation of surface
CD14 on INFMACLPS’ as has been noted in blood
monocytes (Heidenreich et al. 1997).

In addition to apoptosis, we also observed necrosis
in all types of macrophages after in vitro cultivation.
In particular, high proportions of necrotic cells in
vacuolised RESMAC, INFMACPBS and INFMACLps ap-
pear to be related to secondary necrosis of apoptotic
macrophages. This has physiological significance
during inflammation, since secondary necrosis can
lead to the release of chemotactic peptides, which,
in turn, may induce recruitment of monocytes into
inflamed tissue. Moreover, proteins released from
necrotic cells can opsonise apoptotic cells and thus
facilitate their phagocytic uptake, which contributes
to the resolution of inflammation (Blume et al. 2009;
Blume et al. 2012).

It is therefore evident that there are significant
differences among macrophages obtained from
untreated and PBS- and LPS-treated mammary
glands. Moreover, significant differences in CD14
expression, apoptosis and necrosis were also ob-
served between monocyte-like and vacuolised
macrophages. This is suggestive of different bio-
logical features in these cells and these potential
differences should be taken into account in future
studies of bovine mammary gland macrophages.

CONCLUSION

Our experiments confirmed that the expression
of CD14 in bovine mammary gland macrophages is
not associated with cell death. In fact, higher CD14
expression corresponds to a higher proportion of
live cells. Further studies will be needed in order
to establish a cause and precise effect of CD14 ex-
pression on apoptosis, particularly in situ during
the inflammatory response.

Acknowledgement

The authors wish to thank Dr. Petra Ondrackova
(Veterinary Research Institute, Brno, Czech Republic)
for consulting on flow cytometry procedures.

476

REFERENCES

Bannerman DD (2009): Pathogen-dependent induction
of cytokines and other soluble inflammatory mediators
during intramammary infection of dairy cows. Journal
of Animal Science 87, 10-25.

Bannerman DD, Paape MJ, Lee JW, Zhao X, Hope JC,
Rainard P (2004): Escherichia coli and Staphylococcus
aureus elicit differentila innate immune responses fol-
lowing intramammary infection. Clinical and Diag-
nostic Laboratory Immunology 11, 463—-472.

Bellingan GJ, Laurent GJ (2008): Fate of macrophages
once having ingestedapoptotic cells: Lymphatic clear-
ance or in situ apoptosis? In: Rossi AG, Sawatzky DA
(eds.): The Resolution of Inflammation. Birkhauser
Verlag, Basel, Switzerland.

Blume KE, Soeroes S, Waibel M, Keppeler H, Wesselborg
S, HerrmannM, Schulze-Osthoff K, Lauber K (2009):
Cell surface externalization of annexin A1 as a failsafe
mechanism preventing inflammatory responses dur-
ing secondary necrosis. Journal of Immunology 15,
138-147.

Blume KE, Soeroes S, Keppeler H, Stevanovic S,
Kretschmer D, Rautenberg M, Wesselborg S, Lauber
K (2012): Cleavage of annexin A1 by ADAMI10 during
secondary necrosis generates a monocytic “find-me”
signal. Journal of Immunology 188, 135-145.

Bosshart H, Heinzelmann M (2011): Spontaneous decrease
of CD14 cell surface expression in human peripheral
blood monocytes ex vivo. Journal of Immunological
Methods 368, 80—83.

Chen TY, Lei MG, Suzuki T, Morrison DC (1992): Li-
popolysaccharide receptors and signal transduction
pathways in mononuclear phagocytes. Current topics
in microbiology and immunology 181, 169-188.

Dallard BE, Baravalle C, Ortega HH, Tumini M, Canave-
sio VR, Neder VE, Calvinho LF (2009): Effect of a
biological response modifier on expression of CD14
receptor and tumor necrosis factor-alpha in Staphy-
lococcus aureus-infected mammary glands at drying
off. Veterinary Immunology and Immunopathology
15, 237-242.

Davicino R, Mattar A, Casali Y, Porporatto C, Correa S,
Micalizzi B (2006): Activation and apoptosis of mouse
peritoneal macrophages by extracts of Larrea divari-
cata Cav. (jarilla). International Immunopharmacology
20, 2047-2056.

Dockrell DH, Lee M, Lynch DH, Read RC (2001): Im-
mune-mediated phagocytosis and killing of Strepto-
coccus pneumoniae are associated with direct and
bystander macrophage apoptosis. Journal of Infection
and Diseases 184, 713-722.



Veterinarni Medicina, 59, 2014 (10): 467478

Original Paper

Fischer CD, Beatty JK, Duquette SC, Morck DW, Lucas
MJ, Buret AG (2013): Direct and indirect anti-inflam-
matory effects of tulathromycin in bovine mac-
rophages: inhibition of CXCL-8 secretion, induction
of apoptosis, and promotion of efferocytosis. Antimi-
crobial Agents and Chemotherapy 57, 1385-1393.

Heidenreich S, Schmidt M, August C, Cullen P, Rade-
maekers A, Pauels HP (1997): Regulation of human
monocyte apoptosis by the CD14 molecule. Journal
of Immunology 159, 3178-3188.

Hodge GL, Flower R, Han P (1999): Optimal storage
conditions for preserving granulocyte viability as
monitored by Annexin V binding in whole blood. Jour-
nal of Immunological Methods 225, 27-38.

Hopkins HA, Monick MM, Hunninghake GW (1995):
Lipopolysaccharide upregulates surface expression of
CD14 on human alveolar macrophages. American
Journal of Physiology 269, 849—854.

International Organization for Standardization (2006):
Milk-enumeration of somatic cells. Part 2: Guidance on
the operation of fluoro-opto-electronic counters. Eu-
ropean Standard (EN ISO 13366-2). International Or-
ganization for Standardization, Geneva, Switzerland.

Janssen W7, Barthel L, Muldrow A, Oberley-Deegan RE,
Kearns MT, Jakubzick C, Henson PM (2011): Fas de-
termines differential fates of resident and recruited
macrophages during resolution of acute lung injury.
American Journal of Respiratory and Critical Care
Medicine 184, 547-560.

Jiang JX, Chen YH, Xie GQ, Ji SH, Liu DW, QiuJ (2003):
Intrapulmonary expression of scavenger receptor and
CD14 and their relation to local inflammatory re-
sponses to endotoxemia in mice. World Journal of
Surgery 27, 1-9.

Kiener PA, Davis PM, Starling GC, Mehlin C, Klebanoff
SJ, Ledbetter JA, Liles WC (1997): Differential induction
of apoptosis by Fas-Fas ligand interactions in human
monocytes and macrophages. Journal of Experimental
Medicine 185, 1511-1516.

Kiku Y, Ozawa T, Kushibiki S, Sudo M, Kitazaki K, Abe
N, Hideyuki T, Hayashi T (2010): Decrease in bovine
CD14 positive cells in colostrum is associated with the
incidence of mastitis after calving. Veterinary Research
Communications 34, 197-203.

Kolaczkowska E, Koziol A, Plytycz B, Arnold B (2010):
Inflammatory macrophages, and not only neutrophils,
die by apoptosis during acute peritonitis. Immunobi-
ology 215, 492-504.

Landmann R, Ludwig C, Obrist R, Obrecht JP (1991):
Effect of cytokines and lipopolysaccharide on CD14
antigen expression in human monocytes and mac-
rophages. Journal of Cell Biochemistry 47, 317-329.

Landmann R, Knopf HP, Link S, Sansano S, Schumann
R, Zimmerli W (1996): Human monocyte CD14 is up-
regulated by lipopolysaccharide. Infection and Immu-
nity 64, 1762-1769.

Latz E, Visintin A, Lien E, Fitzgerald KA, Monks BG,
Kurt-Jones EA, Golenbock DT, Espevik T (2002): Li-
popolysaccharide rapidly traffics to and from the Golgi
apparatus with the toll-like receptor 4-MD-2-CD14
complex in a process that is distinct from the initiation
of signal transduction. Journal of Biology and Chem-
istry 277, 47834—-47843.

Leitner G, Eligulashvily R, Krifucks O, Perl S, Saran A
(2003): Immune cell differentiation in mammary gland
tissues and milk of cows chronically infected with
Staphylococcus aureus. Journal of Veterinary Medi-
cine B Infection and Diseases in Veterinary Public
Health 50, 45-52.

Lin SM, Frevert CW, Kajikawa O, Wurfel MM, Ballman
K, Mongovin S (2004): Differential regulation of mem-
brane CD14 expression and endotoxin-tolerance in
alveolar macrophages. American Journal of Respira-
tory Cell Molecular Biology 31, 162-170.

Manna SK, Aggarwal BB (1999): Lipopolysaccharide
inhibits TNF-induced apoptosis: role of nuclear
factor-kB activation and reactive oxygen intermedi-
ates. Journal of Immunology 162, 1510-1518.

Marriott HM, Hellewell PG, Cross SS, Ince PG, Whyte
MK, Dockrell DH (2006): Decreased alveolar mac-
rophage apoptosis is associated with increased pul-
monary inflammation in a murine model of
pneumococcal pneumonia. Journal of Immunology
177, 6480—-6488.

Maus U, Herold S, Muth H, Maus R, Ermert L, Ermert
M (2001): Monocytes recruited into the alveolar air
space of mice show a monocytic phenotype but up-
regulate CD14. American Journal of Physiology, Lung
Cellular and Molecular Physiology 280, 58—68.

Mogensen TH (2009): Pathogen recognition and inflam-
matory signaling in innate immune defenses. Clinical
Microbiology Reviews 22, 240-273.

Murray PJ, Wynn TA (2011): Protective and pathogenic
functions of macrophage subsets. Nature Reviews Im-
munology 14, 723-737.

Newman SL, Henson JE, Henson PM (1982): Phagocy-
tosis of senescent neutrophils by human monocyte-
derived macrophages and rabbit inflammatory
macrophages. Journal of Experimental Medicine 156,
430-442.

Paape MJ, Lilius ERM, Wiitanen PA, Kontio MP, Miller
RH (1996): Intramammary defense against infections
induced by Escherichia coli in cows. American Journal
of Veterinary Research 57, 477-482.

477



Original Paper

Veterinarni Medicina, 59, 2014 (10): 467478

Periasamy S, Tripathi BN, Singh N (2013): Mechanisms
of Mycobacterium avium subsp. paratuberculosis in-
duced apoptosis and necrosis in bovine macrophages.
Veterinary Microbiology 30, 392-401.

Shuster DE, Kehrli ME Jr, Baumrucker CR (1995): Rela-
tionship of inflammatory cytokines, growth hormone,
and insulin-like growth factor-I to reduced perfor-
mance during infectious disease. Proceedings of the
Society for Experimental Biology and Medicine 210,
140-149.

Sladek Z, Rysanek D (1999): Ultrastructure of phagocytes
from mammary glands of non-pregnant heifers. Anat-
omy Histology and Embryology 28, 291-298.

Sladek Z, Rysanek D (2006): The role of CD14 during
resolution of experimentally induced Staphylococcus
aureus and Streptococcus uberis mastitis. Compara-
tive Immunology and Microbiology and Infectious
Diseases 29, 243-262.

Sladek Z, Rysanek D (2010): Apoptosis of resident and
inflammatory macrophages before and during the in-
flammatory response of the virgin bovine mammary
gland. Acta Vetenaria Scandinavica 52, 12-22.

Sladek Z, Rysanek D, Faldyna M (2002): Activation of
phagocytes during initiation and resolution of mam-
mary gland injury induced by lipopolysaccharide. Vet-
erinary Research 33, 191-204

Smith PD, Smythies LE, Shen R, Greenwell-Wild T, Gli-
ozzi M, Wahl SM (2011): Intestinal macrophages and

response to microbial encroachment. Mucosal Immu-
nology 4, 31-42.

Stelter F (2000): Structure/function relationships of
CD14. Chemical Immunology 74, 25-41.

Strandberg Y, Gray C, Vuocolo T, Donaldson L, Broad-
way M, Tellam R (2005): Lipopolysaccharide and li-
poteichoic acid induce different innate immune
responses in bovine mammary epithelial cells. Cy-
tokine 31, 72—86.

Sugawara S, Nemoto E, Tada H, Miyake K, Imamura T,
Takada H (2000): Proteolysis of human monocyte
CD14 by cysteine proteinases (gingipains) from Por-
phyromonas gingivalis leading to lipopolysaccharide
hyporesponsiveness. Journal of Immunology 165,
411-418.

Vermes I, Haanen C, Stefferns-Naaken H, Reutelingsper-
ger CP (1995): A novel assay for apoptosis: flow cy-
tometry detection of phosphatidylserine expression
on early apoptotic cells using fluorescein labelled An-
nexin V. Journal of Immunology 184, 39-51.

Wardley RC, Rouse BT, Babiuk LA (1976): The mammary
gland of the ox: a convenient source for the repeated
collection of neutrophils and macrophages. Journal of
Reticuloendothelial Society 19, 29-36.

Received: 2014—07-29
Acepted after corrections: 2014—10-30

Corresponding Author:

Zbysek Sladek, Mendel university, Faculty of Agronomy, Department of Animal Morphology, Physiology and Genetics,

Zemedelska 1, 613 00 Brno, Czech Republic
Tel. +420 533 331 501, E-mail: zbysek.sladek@mendelu.cz

478



