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ABSTRACT. Among the potential public health problerns of animal
procluction, infectious-contagious cliseases stancl out. Mastitisis
among the main diseases affecting clairy cattle. One 01' the most
promising options to recluce the problems caused by this disease,
besides proper sanitary anel management practices, is selective
breeding ofresistant animals, To shed light on the immune response
mechanisms involveel in the resistance/susceptibility phenotype to
this disease, we quantified the relative expression 01' the genes lL-2,
lL-6, IL-8, lL-I2, IFN-y, TNF-a., TLR-2, SEMA5A, anel FEZL in cells
of crossbreeel elairy cows, divided into two groups, one healthy anel
the other suffering from clinicalmastitis. Total RNA was extractecl
from the cells in the milk from the animaIs in each group (with anel
without clinical mastitis). Gene expression was deterrnined using
the real-time PCR method. The levels of gene expression were
compareci, anel the cows with mastitis were found to express 2.5
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tímes more TLR-2 than those free of mastitis (P < 0.05). There were
no signifícant dífferences in the expression ofthe other genes. .

Key words: Immune response; Real-time PCR; Resístance to mastítis;
Toll-Iíke receptor 2 gene

INTRODUCTION

Dairy cattle breeds of European origin are recognized as being more productive and also
more demanding in tenns of management and nutrition than are Zebu breeds. Therefore, the ex-
pected higher production is not always bome out in tropical regions on dairy farms that are less
technically advanced, since the animals do not receive sufficient management and nutrition to reach
their full genetic potentíal. The use of crossbreed cattle to produce mílk, in a pasture-based system, is
a common option among dairy farmers in Brazíl and other tropical regions. Various crosses of Euro-
pean and Zebu breeds are capable of profitably and sustainably, producing milk under tropical con-
dítíons. These animaIs thus make up an important contingent ofBrazil's dairy herds: an estimated
70% of the country's milk comes from Holstein-Zebu crossbreeds (Embrapa Gado de Leite, 2003).

In recent decades, the dairy production chain Íl1 Brazíl has undergone intense transforma-
tions, with restructuring of alllinks, making the sector more competitive. This is reflected in the 70%
increase ín productívity (líters!cow/year) between 1980 and 2007 (Embrapa Gado de Leite, 2008).
Although the statístics show continuous development, there are still various obstacles that need to
be overcorne, particularly by smaller, less technically advanced dairy operators, to be able to main-
tain the sector's sustainabílity and competitiveness. Several factors affect dairy production, such as
clirnate, ínstallatíons, hercl health, labor availabílity and zootechnícal and genetíc potential, Among
animal health problems, infectious-contagious c1iseases stand out the most, and mastitis is the main
such dísease affiictíng dairy cattle from an economic standpoint (Oviedo-Boyso et aI., 2007).

One of the most promising ways to reduce the problems caused by mastitis, besides
aclequate sanitary conclitíons, is the selective breeding of resistant animais. According to Detil-
leux et aI. (1994), ít is hard to produce effective vaccines agaínst this dísease due to the large
varíety of microorganisms causing it anel its multifactor character. Therefore, studies to better
understand the biological processes involvecl in determining resistance to diseases are essential
to resolve problems and develop innovative solutions,

Mastitis is one ofthe most prevalent anel costly diseases affecting lhe dairy industry world-
wicle (Bradley, 2002; Petrovski et aI., 2006). It is characterized by inflammation of the mammary
glancl anel is generally causecl by bactéria. The speed anel efficacy of lhe host's immune response
to the invading microorganisms is a crucial factor for the establishment, persistence anel severity of
the infection (Bannerman et al., 2009). Epithelial anel endothelial cells perform important functions
in the first-line c1efense against localinfections, by proclucing cytokines and other inflammatory
meeliators (Strandberg et aI., 2005; Corl et al., 2008; Griesbeck-Zilch et aI., 2008). ln the mammary
gland, cells from the immune system together with epithelial cells are responsible for recognizing
the invacling microorganism via Toll-like receptors, or TLRs (Rainarel anel Riollet, 2006; Gries-
beck-Zilch et aI., 2008). Activation ofTLRs triggers the expression of inflammatory cytokines anel
other meeliators related to immune response, cell elifferentiation anel apoptosis (Ibeagha-Awemu et
aI., 2008; Yang et aI., 2008; Cates et aL, 2009).

The importance of inflammatory cytokines to the development of an effective immune

Genetics and Molecular Research 10 (3): 1295·1303 (2011) ©FUNPEC-RP wwv v. funpecrp.com.br



Gene analysis in rnastitis 1297

response against mastitis has been documented in several researchs, which have evaluated changes
in their concentrations in milk during tests on animals with experimentally infcctcd udders (Bur-
venich et al., 2003; Bannerman et al., 2009)_ The resistance response to mastitis is a complex char-
acteristic and the genes involved in the immune response have been indicated as strong candidates
in determining animal resistance (Shuster et al., 1993; Ferens et al., 1998; Alluwaimi et al., 2003;
Rarnbeaud et al., 2003; Oviedo-Boyso et al., 2007; Fonseca et al., 2009). In light of this premise,
the aim ofthis study was to characterize the expression of genes related to the phenotype determin-
ing resistance/susceptibility to mastitis, to better unelerstand the immune response mechanisms. For
this purpose, we carried out field tests to investigate the expression of the following genes: IL-2
(interleukin 2), IL-6 (interleukin 6), IL-8 (interleukin 8), IL-12 (interleukin 12), IFN-y (interferon-
gamma), TNF~o. (tumor necrosis factor-alpha), TLR-2 (Toll-like receptor 2), SEMA5A (semaphorin
5A), and FEZL (forebrain embryonic zinc-finger-like) in cells present in the milk of crossbreed
cows (Holstein x Gyr) with and without clinical mastitis, using naturally infected animais.

MATERIALAND METHODS

We used 20 crossbreed cows from the Santa Mônica Experimental Field ofthe Embrapa
Dairy Cattle Research Unit, located in the municipality ofValença in the State of Rio de Janeiro.
We selected two groups, one free of infection and the other with c1inical mastitis, each composed
of 10 animals with different bÍI1horders, blood degree and age.

Ali animais underwent clinical udder exarnination and strip-cup testing before collection
of the milk samples. From each cow, 200 mL milk was taken in sterile tubes. The milk samples
from the cows with mastitis were collecteel immediately afier the appearance of clinical signs and
before treatment with drugs. Hence, there was no artificial infection or treatment effect. Addition-
ally, all the samples from cows with mastitis were submitted to microbiological tests to identify the
pathogen, perfonned according to NMC (1987).

Total RNA of the milk samples was extracted using the RNeasy® Mini Kit (Qiagen, Va-
lencia, CA, USA), following manufacturer recommendations. To remove any contamination by
genomic DNA, the samples were submitted to digestion with DNase (Rr-lase-free DNase Set,
Qiagen). The quality of the RNA samples was evaJuated by the Agilent Bioanalyzer 2100 (Agi-
lente, Paio Alto, CA, USA) and the concentrations were determined by spectrophotometry using
a NanoDrop ND-IOOOdevice (NanoDrop Technologies, Wilmington, DE, USA). The mean RNA
integrity index ofthe samples was 6.3 (data not shown).

The first cDNA strand was synthesizecl using the Superâcript" III First-Strand Synthesis
SuperMix kit (Invitrogen, Carlsbad, CA, USA), and the average DNA concentrations were esti-
rnated by spectrophotometry, afier which the single cDNA strand was stored at -20oe until use in
the real-time polymerase chain reaction (qPCR).

The qPCRs were carried out with the SYBR Green" PCR Master Mix kit (Ap-
plied Biosystems, Foster City, CA, USA), according to manufacturer recommendations.
The primers used to evaluate the gene expressions were designed according to data from the
literature, as shown in Table I.

Six endogenous controls were used: fJ-actin, 18S rRNA, GAPDH (glyceraldehyde- 3-phos-
phate dehyclrogenase), Ubiquitin, RPLPO (ribosomaJ protein, Jarge PO),and HP RT (hypoxanthine-
guanine phosphoribosyltransferase). We chose the two best endogenous controls according to the
profile ofthe amplification aneldissociation curves, and also analyzed them with the geNonn soft-
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//,-2
1/,-6
IL-8
IL-12
1FN-y
tiu:«
TLR-2
SHúJ5A
FEZL
/8S rRNA
GAPDH
Ubtquitin
RPLPO
HPRT

GGATTTACAGTTGCTrTTGGAGAAA
TCAGCTTATrTTCTGCCAGTCTCT
CACTGTGAAAAATTC AGAAATC ATTGTTA
TTAATTGAGGTCGTGGTAGAAGCTG
TGGA1ATCATCAAGCAAGACAl'GlT
TCTTCTCAAGCCTCAAGTAACAAGT
CAGTTTA.-\CCCAGTGCCTTC
TGTGGGACCAACGCTTTCA
CTACAAGCCCTTCGTCTGTGAAT
GTAACCCGTTGAACCCCATT
CCTGGAGAAACCTGCCAAGT
GGCAAGACCATCACCCTGGAA
CAACCCTGAAGTGCTTGACAT
GCCGACCTGTTGGATTACAT

GCACTTCCTCTAGAAGTnGAGTTCTT
TCATTAAGCAC ATCGTCGACAAA
CTTCACCAAATACCTGCACAACCTTC
GGTCTCAGTTGCAGGTTCTTGG
ACGTCATTCArCAC1TrCATGAG1TC
CCArGAGGGCAlTGGCATi\C
CTCCAACGTCTTCAGTTGCT
TCATGGATCTCCGTCAGGTTACT
GCTGTGGGTCAGCTTGTGATT
CCATCCAATCGGTAG1AGCG
GCCAAATTCATTGTCGTACCA
GCCACCCCTCAGACGAAGGA
AGGCAGATGGATCAGCCA
i\C ACTTCGAGGGGTCCrnT

Leutenegger er (11.,2000
Leutenegger et al., 2000
Leutenegger er aI., 2000
Leutenegger et aI., 2000
Leutcnegger ct al., 2000
Lcutenegger et al., 2000
lbeagha-Awemu et al., 2008
Sugimoto et al., 2006
Sugimoto el al., 2006
Wang et al., 2005
Mount et al., 2009
Singh er al., 2008
Mount et al., 2009
Tao el al., 2004

ware (Vandesompele et al., 2002), After 40 amplification cycles, ali the samples were submitted to
dissociation curve analysis to verify the absence of non-specific products and primer dimers.

After real-time quantification, the reactions were optimized for ali the genes, by testing
three quantities of cDNA (l 00,200 and 400 nglreaction) and six primer dilutions (50, 100,200,400,
600, and 900 nlví), After determining the best conditions, we plotted the standard curve for each
gene, in which each series cDNA dilution was graphed against the respective Ct (cycle threshold),

Each test was performed in duplicate in optical 96-well reaction plates, sealed with
optical adhesive film and amplified in an ABI Prism 7300 Sequence Detection Systems device
(Applied Biosystems), with each target amplified separately. The data obtained from the qPCRs,
generated by the device, were analyzed by lhe RES'f© 2009 program, developed by M. Pfaffi
(Technical University of Munich) and by Qiagen, available ai http.r/www.gene-quantification.
de/rest-2009.html, to compare the expression difference between the treatments.

Table 2 shows lhe amplification sequence for each gene. In lhe dissociation curves,
two peaks could be observed for GADPHin the samples from two animais, so this primer
was excluded from the analyses by the geNorm software to choose the best endogenous con-
trol. For lhe other genes, no peaks were observed referring to primer dimers or non-specific
products (data not shown). Table 2 also shows the quantity of cDNA and primer optimized for

i/r~bie2,cJii()eri:~:atÚíh~~prí;;';~r and
~••.arnplified tragment for each gelle,

Gene Prime r (nM) Efficiency

1L-2
1L-6
lL-8
lL-12
TNF-a
1FN-y
JVI-2
S/iMA5A
FEZL
18SrRNA
(jAf'DH
Ubtqnitin
JlPLPO
HI'JlJ'

400
400
400
200
400
400

50
900
900
200
200
200
400
400

400
400
100
200
200
100
200
400
400
100
200
100
200
200

0.7
0,8
0.8
0.9
0,8
0.9
0.9
0.7
0.7
0.9
1.0

0.9
1.0

0,9

75.9
76.1
76.6
76.7
82,;
77.8

75.3
74.3

80.6
80.7
83,3
83.4

83.2
78,6
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each gene, besides the dissociation ternperarure of the amplified fragment. The coefficient of
variation ofthe duplicate Ct readings for each sample did not exceed 5% (data not shown).

The analyses with the geNorm software indicated that the two most efficient endoge-
nous controls were ]8S rRNA and Ubiquitin, as can be seen in Figure 1, because these showed
the lowest expression variation among the animals.

Figure 1. Resulr of the best endcgenous control analysis, performed with the gel-lorm software. HPRT =
hypoxanthine-guanine phosphoribosyltransferase; RPLPO = ribosomal protein, large PO.

RESULTS

Table 3 shows the results of the microbiological examination of cows with mastitis,
according to which three cows were infected by Corynebocterium spp, three by Streptococcus
agalactiae, one by Streptococcus spp, and one by coagulase-negative Staphylococcus spp.
No bacterial growth was detected in the milk of the other two cows, even though the animals
showed clinical signs of mastitis. Reports indicate that 25-40% of ali clinical samples are
negative on routine culture. The number ofthe organism less than the minirnum detection limit
of the assay, the absence ofthe microorganism in the sample, or phagocytosis ofthe microor-
ganism by somatic cells may be some of the reasons for these cases (NMC, 1987). .

Animal Microbiological test Oram classitication

0642-0
0797
0801-0
0860-0
1759
3604
3754
4523
8726-9
9838

Negative result
Coryncbactcrnon spp
Corynebacterinm spp
Corynebacteritnu spp
Negative result
Streptococcns agalactiae
.s'lrepIOCOCClIS spp
Coagulase negative Smphyíococcns spp
,')'IJ'ep/(lCOCClI.'i agalactioe
,')"I'epIOCOCCUS agalactiae

Grarn-posi ti ve
Gram-positive
Grarn-positive

Gram-posirive
Gram-positive
Grarn-posirive
Gram-positive
Gram-posuive
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We also compared the gene expression leveI ofthe crossbreed animals with and with-
out clinical mastitis (Table 4). The expression in the animaIs with mastitis was 2.5 times
greater for TLR-2 than in the animaIs without mastitis (P < 0.05). There was no siznificant
ditference in expression for the other genes (P > 0.05) according to the analyses carried out
with the REST'"' 2009 programo

Gene Relative expression Standard error Probability

lL-2 0.687 0.062-6.007 0.618
lL-6 0.763 0.043-6.571 0.707
lL-8 1.409 0.168-8.271 0.620
[L-/2 0.514 0.031-6.668 0.449
rsr.« 0.551 0.159-2.153 0.226
[FN-)' 0.459 0.050-2.674 0.213
TLR-2* 2.504 0.645-8.691 0.047
SEJlLü4 0.476 0.036-5.020 0.350
F/:.'ZL 0.476 0.034-4.677 0.325

Numbers greater than I = greater expression in animaIs with mastitis; numbers less than I = lower expression in
animals with mastins (*P < 0.05).

DISCUSSION

lnnate immunity predominates in the initial phase ofinfection and is mediated by mac-
rophages, neutrophils, natural killer cells, and cytokines. It recognizes and responds to different
pathogens, even if the organism has never been infected by the particular species. Bactéria are
especially likely to have different cell wall structures, which are recognized by membrane re-
ceptors. These structures are lipopolysaccharides, peptidoglycans (PGN) and Iipoteichoic acid
(LTA), which constitute the pathogen-associated molecular patterns (PAMPs). These PAMPs
are recognized by TLRs, which are located in the cell and endosome membranes. lnteraction
between the PAMPs and TLRs of immune system cells induces the production of cytokines and
other endogenous mediators, which are essential for protecting the organism against pathogenic
microorganisms. The TLR-2 gene is responsible for recognizing the LTA and PGN of Gram-
positive bacteria (Hirschfeld et al., 2000; Takeuchi et al., 2000). As can be observed in Table 2,
all the microorganisms identified as causing mastitis in this study are Gram-positive bactéria.
This corroborates other findings reported in the literature, according to which there was greater
expression of the TLR-2 gene during mastitis caused by Gram-positive microorganisms (Ban-
nerman et aI., 2004a; Goldammer et al., 2004; Swanson et aI., 2009).

We did not observe significant differences (P> 0.05) between the groups studied in
relation to the expression level ofthe other genes. The 1L-2 gene, produced mainly by Th .Iyrn-
phocytes, induces the proliferation of mononuclear cells and activates some epithelial cells.
In contrast, 1FN-y is associated with conversion of Th, into Th, lymphocytes and activation of
macrophages, as well as potentiating the action of TNF-a (Janeway et al., 2002). Therefore,
this cytokine is related to the Th, immune response profile, i.e., the immune response of this
cell type. The 1L-8 gene, together with 1L-1 and TNF-a, has been indicated as an important
mediator of neutrophil recruitment to the inflamed site. Some studies have shown that TNF-a
and IL-8 are present in the milk from udders infected by Gram-negative bacteria, such as
Escherichia coli, Klebsiella pneumoniae or Pseudomonas aeruginosa, but they are present in
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lower concentrations or not detected in the milk from cows with mammary glands infected by
Staphylococcus aureus (Shuster et aI., 1997; Riollet et aI., 2000; Bannerman et a!., 2004a,b,
2005). Another study by our group with commercial cattle with and without mastitis caused
by natural infection showed a difference in the expression profile ofthe IFN-y, IL-2 and IL-1O
genes among animais ofthe Holstein BW and Gyr breeds (Fonseca et aI., 2009).

Despite the non-significant expression for the other genes, these results improve the
understanding of how immunological reactions occur in response to mastitis, greatly affecting
milk quality and quantity, especially in crossbreed animais, which are the basis ofthe dairyin-
dustries in Brazil. Mastitis is a multifactor disease and resistance is influenced by many genes.
For this reason, gene-expression studies are particularly important to c1arify how immune re-
sponses to this disease occur. The present study is groundbreaking in this respect for studying
crossbreed animais. The majority of studies have examined European breeds with artificially
induced infection. Like this study, that by Fonseca et aI. (2009) also evaluated the expression
of some genes in naturally infected cows, but of separate Holstein BW and Gyr breeds rather
than crossbreed animais. In that study, the IL-6, IL-8 and TNF-o. genes also failed to show
significantly different expression betweerí cows with and without clinical mastitis.

The immune response can differ according to the bacterial strain anel the host, because
there is great individual variation. Lahouassa et aI. (2007) dernonstrated, by means of in vitra
studies, that different strains of S. aureus provoke different responses in epithelial cells and
the udder. Besides this, the intensity and leveI of expression of the genes considered in that
study (IL-8, GRO-o., GRO-jJ, TNF-o., lL-1jJ, TGF-jJI, and IL-10) varied according to the in-
fection phase (3, 10 and 24 h after addition of the bacteria to the cell culture). According to
the authors, these different responses imply altemate activation pathways or different levels
of signal transduction, reflecting what is observed in vivo. Swanson et aI. (2009) also showed
that after infection of the udder by a pathogen, complex cellular and physiological processes
occur, and the changes in the expression of genes related to the immune response by epithelial
cells in the mammary gland appear to be specific for each pathogen. These articles highlight
the complexity ofthe irnmune response to an infective pathogen. In the present study, the milk
samples were collected just after the detection of c1inical signs of natural infection, so there
was no control of the time of infection. Besides this, there was no control of the type of strain
that caused the infection, and in two cows it was not even possible to isolate the pathogen. lt
should be pointed out that this study was an attempt to demonstrate what happens in a com-
mercial herd under natural conditions, and thus, it is not possible to state that these animais
were free of other infections or diseases that could have influenced the results.

From the results ofthis study, we cannot affirm that the genes studied are only express-
, ing the messenger RNA or are also expressing a protein, since there are post-transcriptional
regulation factors that were not analyzed. For this reason, it would be interesting to perfonn
proteomic studies to better understand these results. Besides this, the analysis ofthe structure of
the TLR-2 gene, which showed a significant difference in expression, could be useful to identify
SNP markers for rnastitis resistance and stisceptibility phenotypes in crossbreed animais.

It was possible to verify the difference in lhe expression profile of the TLR-2 gene in
•relation to the mastitis resistance/susceptibility phenotype among the animais examined. We
intend to perform further srudies inclueling a larger number of samples anel specific experimen-
tal conditions, to evaluate the potential ofthe TLR-2 gene as a marker, and also to include new
genes, so as to obtain a better understanding ofthe physiopathological mechanisms ofmastitis.
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