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Abstract: To study the inflammatory response of Peripheral Blood Mononuclear Cells (PBMCs) to actue phases

of Staphylococcus aureus (S. aureus) mastitis in dairy cows using gene expression data, the mRNA expression
levels of six genes (Iinterleukin (IL )-8, Differentiation (CD) 14, Macrophage Colony Stunulating Factor Receptor
(M-CSFR), Toll-Like Receptor 2 (TLR2), Chemokine Receptor 2 (CCR2) and CX,C Chemokine Receptor 1
(CX,CR1) m Peripheral Blood Mononuclear Cells (PBMCs) mn infected cows (n = 3) with S. aureus relative to
uninfected controls (n = 3) were measured at O day before moculation and 1-3 days post inoculation (dpt) by
the real-time quantitative PCR. Results indicated the expression of I.-8, CD 14 and CCR2 gene were exhibited
significantly (p<0.05) up-regulated within 2 dpi while there was no significant difference in the
expression of M-CSFR, TLR2 and CX,CR! genes at 1-3 dpi. Additionally, concentrations of plasma
lipopolysaccharide Binding Protein (LBP) and Somatic Cell Counts (SCCs) were evaluated. Together these data
reveal that the upregulation of gene expression is probably related to the recruitment and activation of PBMC's.
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INTRODUCTION

Bovine mastitis, an inflammation of the udder caused
by invading pathogens is one of the most important
infectious diseases in dairy production (Blosser, 1979).
One of the most economically important pathogenic
bacteria causing bovine mastitis 18 Staphylococcus
aurens (5. aurens) which results in increased Somatic Cell
Count (SCCs) that dimimsh milk quality and decrease milk
vield. Recent studies showed that S. qureus mastitis was
umplicated in 41% cases in part region of China and were
more frequently associated with climcal mastitis than sub-
climical case which 1s difficult to control (Cheng et al,
2010). Evaluating the inflammatory response of Peripheral
(PBMCs) may help in
understanding the mechanism of the defense of the
mammary glands against S. aureus.

PBMCs provide a mobile source of functionally
competent cells of the innate immune system is a

Blood Mononuclear Cells

prevalent pathogen of relevance to both human and
veterinary medicine, the consist mamly of lymphocytes
(T-cells and B-cells and smaller amounts of NK cells) and

monocytes (Ahmed et al., 2007). The change of cells
population of PBMCs during bovine S. atreus mastitis
have been evaluated (Gronlund et al., 2006, Kiku et ol
2010) however, very few studies focus on the gene
expression of PBMCs.

Due to vascular permeability,
inflammatory cytokines, chemokines and virulence factors
will be released into blood circulation during S. aureus
mastitis such as Tumor Necrosis Factor (TNF)-w,
Interleukin (IL)-1 B, Interferon-gamma (IFN-y ), fractalkine
(Alluwaimi et al., 2003;
Bannerman et al., 2004) which affect gene expression of
PBMCs directly or indirectly. IL-8 13 believed to be a major
mediator of acute inflammation in response to infection
(Standiford et al., 1994). The Cluster of Differentiation
(CD) 14 and Toll-Like Receptor 2 (TLR2) are important
player in host innate immunity in that they mediate host
defense against Gram-positive bacterial infections
(Schroder et al., 2003). Macrophage Colony Stimulating
Factor Receptor (M-CSFR) 1s important for the
development of the mononuclear phagocyte lmneage
(Geissmann ef al., 2010). The Chemokine Receptor 2

some different

and virulence factors
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(CCR2) and CX,C Chemokine Receptor 1 (C2,CR1) play
an 1mportant role m inflammatory cell migration
(Jerath et al., 2010).

Researchers hypothesized that PBMCs from &S.
aureus mastitis and healthy cattle may have distinctive
gene expression and immune regulation. In this study,
researchers use a S. auwreus-induced bovine mastitis
model to study the inflammatory response of PBMCs to
actue phases of bovine S. awureus mastitis. Using Real
Time Quantitative PCR, expression of six genes (IL-8,
CD14, M-CSFR, TLR2, CCR2 and CX,CRI) were
examined on the time course in PBMCs in infected cows
(n = 3) with S. aureus relative to uminfected controls
(n = 3) post mtramammary inoculation. In addition, the
levels of plasma LBP and SCC at different time poimnts were
also mvestigated.

MATERIALS AND METHODS

Animals: Six Holstein cows recruited from herds of a
cattle farm in Tianjin, China were used for this study, all of
which were in their first lactation (aged between 27-33 and
3-5 months post partum), daily milk yields were between
15 and 25 1.. Animals were kept at the Dairy Development
Center of Tianjin (China), none of the cows were
pregnant at the time of the study and never had
chimcal or subclimeal mastitis before. Milk from each
quarter was bacteriologically negative and milk
SCC=<200,000 cells mL™". The experimental protocol was
approved by the China Laboratory Animal Care and Use
Commnittee.

Preparation of bacteria: S. qureus stram CVCC3056
(China) Veterinary Microorganism Preservation Center,
Beijing which was originally isolated from a clinical case
of mastitis was used to induce experimental intramammary
infection. Before challenge exposure, 10 mL of brain heart
mfusion broth (Beyjing Land Bridge Technology Co., Ltd.)
were inoculated with the strain and mcubated for 6 h at
37°C. Thereafter, 1 mL of the inoculum was transferred to
cones bottle contaming 99 mL of tryptic soy broth and
mcubated overnmight at 37°C, the stock culture was stored
at 4°C until used. On the day of moculation, 1 mL of the
stock culture was inoculated into 5 ml of tryptic soy
broth and incubated under continual incubated for 4 h.
Bacteria in the exponential phase of growth were
harvested and washed once in pyrogenfree PBS. Total
bacterial cell counts were determined using dry medium
plates and the bacterial suspension was adjusted to
achieve concentrations of 10° bacteria mL ™" by dilution in
5mL of pyrogen-free PBS.

Intramammary challenge: The cows were randomly
assigned to 2 groups, all udders were milked by hand, the
cows i the controls (n = 3) were administered an
intramammery inoculation with 5 mL of sterile pyrogen-
free PBS whereas the treatment cows (n = 3) were
inoculated with 10° bacteria mL ™. Experimental mfection
was nduced m the Right Front (RF) quarter of each animal
so as to eliminate potential quarter-dependent effects that
could arise 1if different quarters on the various cows were
infected. Prior to intramammary challenge, the teat at the
RF of the mammary gland was carefully washed and
disinfected with ethanol. A blunt needle was introduced
through the teat canal on the RF teat and the
inoculum (5 mL) was infused mnto mammary gland.

Sample collection: Blood samples were collected via
jugular venipuncture into 15 ml centrifuge tubes
(Coming, USA) that contained 2 mL Acid Citrate Dextrose
(ACD) as the anticoagulant at O day immediately before
inoculation and 1-3 days post inoculation (dpi) with PBS
or S. aureus. Following cleaning and disnfection of the
teats, millk samples were collected into sterile tubes at the
same time points.

PBMCs isolation: PBMCs were separated from ACD
anticoagulated blood of cows (3 mfected and 3 uninfected
controls) by density gradient centrifugation using Ficoll
separation solution (1.083 g mL " Sigma Chemical Co., St.
Louis, Mo). From 10 mL of blood, researchers obtained
approximately 2-5x10° PBMCs. The cell pellets were
suspended m 1 mlL of TRIzol reagent (lnvitrogen,
Carlsbad, CA) and incubated for 10 min at room
temperature to ensure cell lyses and preservation of the
released RNA. This mixture was then frozen at -70°C until
use for RNA 1solation which was performed according to
the TRIzol manufacture’s instructions.

RT-PCR and quantitative RT-PCR: Total RNA was
extracted from the PBMCs wsing the RNASimple Total
RNA kit protocol (Tiangen Co., Ltd. China) and DN Ase
digested according to the manufacturer’s instructions.
Total RNA (1 pg) was reverse transcribed to cDNA using
Quantscript  RT kit (Tiangen Co., Ltd. China).
Glyceraldehyde 3-Phosphate Dehydrogenase (GAPDH)
used as control gene for ammal samples to normalize
expression data for target genes. The expression levels of
four genes mRNA were detected using 7500 Real-Time
PCR System (Applied Biosystems, TTSA) with SYBR Green
PCR Master Mix Reagent (TaKaRa Inc., JTapan). The
specific gene primer paws are shown i Table 1. The
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Table 1: Information on the primers used in this study

Genes Primers sequences (5-3"

Accession number Products (bp)

IL-8 FAGAACTTCGATGCCAATGCAT NM_173925 150
R:GGGTTTAGGCAGACCTCGTTT

chig F:GTA AATGACCTGACTCTGGACGG NM_174008.1 195
RATTCCTCTTCCCTCTCTTCCC

M-CSHR F:GGCACAGCGGTGACCTTGCGATG NM_001075403.2 109
R.TGGTGAGGATGCTTCTGGGGGCG

TLR2 FTGCGTTGGTTTGGATAGTGA NM_174197 231
RAGACCAGAGGGGATGGAGTT

CCR2 F:CACAATGTGCTTCCCACATC NM_001194959.1 138
R:GAGCTGTGCTTCGATTTGTC

CX;CRY F:CCATCCTGACCACCTCAGTT NM_0011025581 107
R:CATCTCCATCGCTGGTGTAA

GAPDH F:CTCCCAACGTGTCIGTIGTG NM_001034034 222
RTGAGCTTGACAAAGTGGTCG

real-ime PCR program started with denatunng at 94°C RESULTS AND DISCUSSION

for 2 min followed by 40 cycles of 95°C for 5 sec and 60°C
for 30 sec. The last stage for the dissociation curve was as
follows 95°C for 15 sec, 60°C for 15 sec and 95°C for
15 sec.

ELISA for LBP and quantification of milk SCC:
Anticoagulated blood centrifuged at 1500 g for 15 min and
the clear plasma supernatant was collected, aliquoted and
stored at -70°C. Plasma LBP levels were determined with
a commercially available LBP ELISA kit that crossreacts
with bovine LBP (Cell Sciences, Inc., Norwood, MA) as
previously described (Bannerman et al., 2003). For the
quantification of somatic cells, milk samples were heated
to 60°C and subsequently maimntamed at 40°C until the
cells were counted on an automated milk somatic cell
counter (Fossomatic Model 90; Foss Food Technology,
Hillerod, Denmarlk).

Data analysis: Data were analyzed with ABT 7500 SDS
Software (ABI) with the baseline being set automatically
by the software. The relative expression level (Fold
change) was analyzed using the 27*** Method (Livak and
Schmittgen, 2001 ). Results were expressed as the mean
fold-change in gene expression at each time point, from
triplicate analyses using the sample at O day as the
calibrator (assigned an expression level of 1). Briefly, the
relative level of each mRNA normalized to the GAPDH
gene was calculated using the following equation:

(CT, Target - CT, GAPDH) Time x

Fold change =

(CT, Targst - CT, GAFDH) Tisne 0

Mann-Whitney U test for comparison of two
independent samples was used to evaluate differences
between mfected cows and uninfected controls.
Treatments were considered statistically significant when
at p<0.05 or p<0.01 using a Paired Two-Tailed test,
statistical analyses were undertaken using SPSS 17.0
Software.

Detection of differential gene expression in PBMCs: The
mRNA expression of IL-8, CD 14, M-CSFR, TLR2, CCR2
and CXCRI genes at 0 day before inoculation and 1-3 dpi
were exammed m PBMCs m infected cows relative to
uninfected controls, the expression of TL-8 exhibited
significantly (p<0.05) up-regulated at 1 and 2 dp1i with fold
changes of 1.4140.23 and 1.85+0.23, respectively (Fig. 1a).
The CDi4 and CCR2 gene significantly (p<0.05)
enhanced expression only at 1 dpi and dimmished on
days 2 and 3, reaching a fold change value of 1.4240.11
and 1.34+014 (Fig. 1b and e). There were no significant
difference in M-CSFR, TLR2 and CX,CR1 expression
at 1-3 dp (Fig. 1c-f).

Milk somatic cell analysis and LBP ELISA assays: As a
local mdicator of inflammation, milk Somatic Cell Counts
(SCCs) were also enumerated prior to and after infection
(Fig. 2). SCC of infected quarters mncreased significantly
from 1-3 dpi and were significantly (p<t0.05) higher than
those of uninfected quarters. Average log 10 transformed
SCC values were lower (p<0.05) in milk samples obtained
from uninfected controls compared to the corresponding
values in milk obtained from mastitic cows (5.0 versus
6.65). All inoculated udders produced marked clinical
symptom (udder swelling or hardness accompanied
by heat and pein) from 1-3 dpi and showed a
gradual decrease in milk production, together with
milk clots.

Intramammary infection with S awrens did
evoke the synthesis of the acute phase proteins,
LBP. From 1-3 dpi increased circulating blood
concentrations of LBP were detected (Fig. 3). Plasma
LBP levels of infected cows reached a maximum
level of 25455459 pg ml~" at 1 dpi and were
approximately 10 fold higher (p<0.01) than uninfected
controls (23.75+11.9 pg mL ™).
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Fig. 1: Fold-changes in gene expression of; a) IL-8 ; b) CD14; ¢) M-CSFR; d) TLR2; ) CCR2 and f) CX,CR1 in PBMC from
mfected cows (n = 3) with 5. aureus compared to controls (n = 3) at 0 day before inoculation and 1-3 days post

mtramammary noculation. Bach bar represents the Mean (+SE) *(p<0.03)

7.9

- Control *
—e—Treatment
S 66
2
o
1S
- 53 ¥7‘\§/‘, I
4.0+ T T 1
0 1 2 3

Days post inoculation (dpi)

Fig. 2: Somatic Cell Counts (SCCs) mn milk of udder

quarters following intramammary S. aureus
mfection. Milk samples were collected inmediately
before (time 0 day) and at various time points post
inoculation of 8. awrews. The horizontal lines
within the data sets represent 200,000 cells mL ™"
Mean (£SE) milk SCC are reported in millions of

log10 cells *(p<<0.05)

The primary objective of the current study was to
shed some light as to the nflammatory response of
PBMCs to actue phases of bovine S. aureus mastitis
using gene expression data. Although, Tao examined the
demonstrated differential expression of mnate immunity
related genes, the gene expression of PBMCs to actue
phases of S. aureus mastitis are still poorly defined in
cows. In this study, six candidate genes (IL-8, CDI4, M-
CSFR, TLR2, CCRZ and CX,CR1), SCC and plasma LBP
implicated in immune responses were examined. The
up-regulation of T1.-8 expression in PBMCs at 1-2 dpi,

300
- Control 7

—o— Treatment

Plasma LBP (ug mL )

100

0 0 0
Days post inoculation (dpi)

Fig. 3: Induction of acute phase protem synthesis
following intramammary S. aureus infection. Blood
samples were collected unmediately before (time
0 day) and at various time points post inoculation
of 8. aurens. Plasma derived from the blood
samples was assayed for Lipopolysaccharide
binding Protein (LBP). Mean (£5F) concentrations

of LBP are reportedin pg mL. ™" (* p<0.05, **p<0.01)

indicating TL-8 may play an important role in the
inflammatory response of PBMCs. In human, IL-8 can
each rapidly cause rolling monocytes to adhere firmly
onto vascular endothelium (Gerszten ef al., 1999), another
study showed that IL-8 has the potential to decrease
somatic cell counts of milk in 8. aureus-infected Holstein
cows (Takahashi et al., 2005). Bovine CD14 molecule in
blood is mainly expressed by monocytes (Sohn et al.,
2004) which play a central role in innate immumnty during
infection and also help initiate cell-mediated immunity.
Study had shown the percentage of CD14" cells in milk
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was significantly lower in S. aureus mastitis cows than in
healthy cows (Kiku et al., 2010). CD14 expression was
significantly increased at 1 dpi, this may be related to
monocyte activation. However, the higher levels of
M-CSFR  expression which is associated with the
generation of monocytes (Olweus ef al., 1996) were not
detected mn infected cows indicating blood monocytes
were not depleted in circulation during the actue phases
of S. aureus mastitis. Although, IL-8, CD14 and LBP
are crucial components of TLRs signal pathway
(Schroder et al., 2003), the significant difference in TLR2
expression were not detected between infected cows and
uninfected controls. This demonstrated that TLR 2 signal
pathway of PBMCs could not be pre-activated in
circulation during tissue inflammation.

The recruitment of PBMCs has important implications
for tissue inflammation, therefore two important
chemokine receptor CCR2 and CX,CR1 which play arole
i inflammatory cell trafficking were examined n the study
(Terath et ai., 2010). Previous studies in human and mice
have show a pronounced accumulation of CCR2 and
C¥,CR1-positive PBMCs occurs in inflammatory tissue
(Mack et al., 2001, Sunderkotter et al., 2004). The results
showed that only CCR2 expression in PBMCs was more
significantly (p<0.05) up-regulated at 1 dpi in infected
cows, 1t 18 suggested that the CCRZ2 signal pathway may
play a larger role in PBMC trafficking in early of S. aureus
mastitis. In addittion to the evaluation of cytokine
production, two markers of the systemic acute phase
response, SCC and LBP were evaluated. The change of
SCC and plasma LBP concentration from 1-3 dp1 were
consistent with a previous report (Bamnerman et al,
2004).

CONCLUSION

Taken together, the present study documents that
the subtle and complex nature of changes in gene
expression of PBMCs during actue phases of bovine
S. aureus mastitis, the upregulation of gene expression 1s
probably related to the recruitment and activation of
PBMCs.
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