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ABBREVIATIONS 

 

bp  base pair 

CD14  cluster of differentiation antigen 14 

CP  crossing point 

DNA  desoxyribonucleic acid 

E. coli  Escherichia coli  

Fig.  figure 

GALT             gut-associated lymphoid tissue 

GIT  gastrointestinal tract 

IκB  inhibitor of kappa B 

IEC  intestinal epithelial cells 

IL  interleukin 

Ig  immunoglobulin 

INFγ  interferon gamma 

LBP  lipopolysaccharide-binding protein 

LF  lactoferrin  

LFcin  lactoferricin 

LPS  lipopolysaccharide 

mCD14 membrane bound CD14 

mLN      mesenterial lymph nodes 

mRNA  messengerRNA 

NF-κB  nuclear transcription factor kappa B 

NO  nitric oxide 

PBS  phosphate buffered saline 

PCR  polymerase chain reaction 

PMN  polymorphonuclear neutrophil leukocytes  

PP  Peyer´s patches 

RNA  ribonnucleic acid 

sCD14  soluble form of CD14 

SC  somatic cells 

RT-PCR reverse transcription- polymerase chain reaction      

SEM  standard error of mean  

TNFα  tumor necrosis factor alpha 

TLR  Toll-like receptor 

WBC  white blood cells  
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ABSTRACT 
 

 

Polymorphonuclear neutrophil leukocytes (PMN) are recruited from peripheral blood 

into milk as part of the inflammatory response. Mobilization of PMN is mediated 

through cytokines or chemokines synthesized by the mammary tissue and milk 

somatic cells (SC). Since milk is not a favourable medium for phagocytosis by PMN, 

the strength of the immune response in the circulatory system is much more 

prominent than in the milk. The inflammatory response is related to the concentration 

of SC and the cytokines produced. Its promptness and its magnitude have a 

profound influence on the severity and the outcome of infections. For a better 

understanding of the interaction between cytokine synthesis and regulation 

mechanisms of the immune response during Escherichia coli (E. coli) mastitis, host-

pathogen interactions were studied in a cell culture model. Therefore, in a first 

approach, the transcriptional activity of immunologically important factors (lactoferrin 

(LF), cluster of differentiation antigen 14 (CD14) and various cytokines) were studied 

in E. coli endotoxin (lipopolysaccharide, LPS) activated bovine white blood cells 

(WBC), monocytes, SC and milk macrophages. Significant cytokine mRNA increases 

were found in all four cell culture types and genes. In WBC or monocytes higher LPS 

responses and longer persistence were observed than in corresponding milk cells. 

This may be ascribed to the role of LF and CD14 on the cytokine production of the 

investigated cells or may be caused by the blood-to-milk diapedesis. The constitutive 

transcription of CD14 mRNA in WBC and monocytes was found to be 6- to 15-fold 

higher than in analogous milk cells. Compared to the other cell culture types, mRNA 

expression levels for LF in SC were strongly up-regulated (14-fold up to 153–fold) 

over the entire culture period, independent of LPS treatment. Since SC were derived 

from subclinical infected mastitic cows, these results emphasizes the protective role 

of LF in the mammary gland during inflammation.  

LF is a cationic iron-binding glycoprotein that is consistently expressed and secreted  

from glandular epithelial cells. It is a prominent component of the secondary granules 

of PMN and plays a role in host defense mechanisms via bacteriostatic activity and 

immunoregulatory properties. To approach the mechanism governing the regulatory 

functions of LF in the immune system, host protecting effects of oral administered LF 

were studied in calves. Furthermore, the ability of LF and lactoferricin (LFcin) to 
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induce mRNA expression changes of immunological important factors in WBC and 

monocytes and to interfere with the lipopolysaccharide-binding protein (LBP)/CD14 

pathway was investigated in an in vitro experiment. In vitro and in vivo studies 

confirmed the ability of LF to modulate immune response. LF given orally was shown 

to act as an immunomodulatory agent by enhancing the sizes of Peyer´s patches 

(PP) in the ileum of calves and increasing IgG levels in the blood serum. The results 

of this investigation also demonstrate an increase in the number of peripheral blood 

leucocytes, but also enhanced mRNA expression levels for various cytokines 

(interleukin (IL)-1ß, IL-8, IL-10) and interferon gamma (INFγ) in response to LF 

treatment. These findings are in agreement with the in vitro observation 

demonstrating an increase in transcription levels of TNFα, IL-1β, IL-6 and IL-10 in 

bovine WBC and monocytes following LF or LFcin treatment. The magnitude of 

increase varied from modest (6-fold) to dramatic (64-fold). Inhibitory effects of LF and 

LFcin on the LPS induced cytokine mRNA response in those cells could only be 

confirmed at  specific LPS-concentrations. 

Together these findings emphasize the ability of LF to modulate the inflammatory 

process and the overall immune response and reveals host-protecting effects of LF 

through an improved immune status. 
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ZUSAMMENFASSUNG 
 

Polymorphkernige neutrophile Granulozyten (PMN) wandern als Teil der 

Entzündungsreaktion gezielt aus der peripheren Blutbahn in die Milch. Die 

Mobilisierung von PMN erfolgt über zellvermittelte Immunität mittels Zytokine oder 

Chemokine, synthetisiert vom Eutergewebe und somatischen Milchzellen (SC). Da 

die Milch kein geeignetes Medium für phagozytierende PMN Zellen darstellt, ist die 

Immunantwort im Blutsystem bedeutend stärker als die in der Milch. Die 

Entzündungsreaktion steht in Zusammenhang mit der Konzentration von SC und den 

produzierten Zytokinen. Dessen Ausmaß und Geschwindigkeit haben einen 

gravierenden Einfluss auf den Verlauf und den Ausgang von Infektionen. Für ein 

besseres Verständnis der Wechselwirkung zwischen Zytokinsynthese und 

Regulationsmechanismen der Immunantwort während einer Escherichia coli (E. coli) 

Mastitis, wurden Wirt-Phatogen Interaktionen in einem Zellkulturmodell studiert. In 

einem ersten Ansatz wurde deshalb die Transkriptionsaktivität von immunologisch 

relevanten Faktoren (Laktoferrin (LF), Zelloberflächenantigen 14 (CD14) und diverse 

Zytokine) in E. coli Endotoxin (Lipopolysaccharide, LPS) aktivierten bovinen weißen 

Blutzellen (WBC), Monozyten, SC und Milchmakrophagen studiert. Signifikante 

Zytokin mRNA-Zunahmen konnten in allen vier Zellkulturarten und Genen gemessen 

werden. In WBC und Monozyten konnte LPS eine höhere Genexpression mit 

längerer Persistenz auslösen als in entsprechenden  Milchzellen. Dieser Unterschied 

kann der zentralen Rolle von LF und CD14 bei Entzündungsprozessen 

zugeschrieben oder durch die Blut-Milch Zellmigration begründet werden. In WBC 

and Monozyten wurde eine 6- bis 15-fach höhere konstitutive Transkription des 

CD14-Rezeptorgens als in adäquaten Milchzellen gemessen. Unabhängig von einer 

LPS-Behandlung war die mRNA Expression für LF in SC im Vergleich zu den 

anderen Zellkulturtypen über den gesamten Versuchszeitraum stark hochreguliert 

(14-fach bis 153-fach). Da die Milchzellen von Rindern mit subklinischer Mastitis 

isoliert wurden, unterstreichen diese Ergebnisse die schützende Rolle von LF im 

Euter während einer Infektion.  

LF ist ein kationisches, eisenbindendes Glycoprotein, das im großen Ausmaß von 

Euterepithelzellen exprimiert und abgesondert wird. Es ist ein prominenter 

Bestandteil der sekundären Granula in PMN und spielt eine zentrale Rolle in der 

Immunabwehr durch seine bakteriostatische Aktivität und immunmodulatorischen 
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Eigenschaften. Um einen besseren Einblick in die regulatorischen Mechanismen von 

LF zu erhalten, wurde der schützende Effekt von oral verabreichtem LF in Kälbern 

studiert. Überdies wurde in einem in vitro Experiment geprüft, ob LF und Lactoferricin 

(LFcin) mRNA Expressionsveränderungen von immunologischen wichtigen Faktoren 

in WBC und in Monozyten induzieren kann und in den Lipopolysaccharid-Binde-

Protein (LBP)/CD14 Pfad eingreift. In-vitro- und in vivo Studien bestätigten die 

Fähigkeit von LF, die Immunantwort zu modulieren. Es wurde gezeigt, dass oral 

verabreichtes LF als immunmodulatorisches Agens fungiert, indem es die Flächen 

der Peyerschen Platten (PP) im Ileum von Kälbern vergrößert und IgG Level im 

Blutserum erhöht. Die Ergebnisse dieser Untersuchung weisen erhöhte 

Leukozytenzahlen im peripheren Blut auf, zeigen aber auch gesteigerte mRNA 

Expressionslevel für diverse Zytokine (Interleukin (IL)-1ß, IL-8, IL-10) und Interferon 

gamma (INFγ) in Reaktion auf eine LF-Behandlung. Dies deckt sich mit der in vitro 

Studie, die eine Zunahme der Transkriptionslevel von TNFα, IL-1ß, Il-6 und Il-10 in 

LF- oder LFcin behandelten bovinen WBC und Monozyten vorweist. Das Ausmaß der 

Zunahme war unterschiedlich und variierte von mäßig (6-fach) bis zu dramatisch (64-

fach). Ein hemmender Effekt von LF und LFcin auf die von LPS-induzierte Zytokin 

mRNA Expression in diesen Zellen konnte nur bei spezifischen LPS-Konzentrationen 

bestätigt werden.  

Zusammengenommen unterstreichen diese Resultate die Fähigkeit von LF den 

Entzündungsprozess zu modulieren. LF hat Einfluss auf die allgemeine 

Immunantwort und offenbart einen Wirt-schützenden Effekt durch gesteigerten 

Immunstatus.  
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INTRODUCTION 
 

 

During mastitis polymorphonuclear neutrophils (PMN) are recruited from peripheral 

blood through the mammary epithelium into milk in response to a variety of 

inflammatory mediators, such as cytokines, complements or eicosanoids [17; 63]. 

PMN represent the major line of defense against bacterial infection of the mammary 

gland due to their phagocytotic activity, presence of bactericidal enzymes and oxy-

radicals [38]. The inflammatory response is initiated by macrophages together with 

epithelial cells by production and release of tumor necrosis factor alpha (TNFα), 

interferons (INF) and interleukins (IL) as a reaction against invading microorganisms 

or their components such as lipopolysaccharide (LPS) [12; 15; 79]. LPS, the major 

components of the outer membrane of gram-negative bacteria cell wall, is a potent 

stimulator of inflammatory processes in the bovine mammary gland [16; 59; 66]. It is 

well known that the strength of the immune response in the circulating system is 

much more prominent than in the mammary gland. Mammary gland neutrophils and 

macrophages are less effective at phagocytosis and less responsive to stimulating 

agents than are blood leukocytes because of the indiscriminate ingestion of fat, 

casein, and other milk components, especially during the periparturient period. 

The membrane bound CD14 (mCD14), expressed on the cell surface of monocytes 

and macrophages and to a lesser degree on neutrophils, binds the LPS-LBP 

complexes and thus mediates the activation of those phagocytes [1; 100]. 

lipopolysaccharide-binding protein (LBP) is an acute-phase protein released by the 

liver during inflammation. Serum LBP enhances the LPS-induced cell activation and 

cytokine response by binding to the lipid A moiety of LPS and catalysing the transfer 

of LPS to the CD14 receptor [81]. LBP and CD14 present LPS to the Toll-like 

receptor (TLR)-4 in association with accessory protein MD-2 and this leads to 

activation of intracellular signals, including nuclear transcription factor kappa B (NF-

κB) and c-Jun N-terminal kinase [83], which initiate the mRNA expression for 

proinflammatory cytokines. In response to external pro-inflammatory stimuli a 

signaling cascade is activated leading to phosphorylation and degradation of Inhibitor 

of kappa B (IκB) and translocation of NF-κB to the nucleus where it initiates gene 

transcription by binding to DNA [3; 56]. Milk macrophages are beneficial to dairy 

cows because of their ability to detect invading mastitis-causing pathogens and to 
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initiate the inflammatory response. They are the predominant cells in secretion of the 

healthy mammary gland and active mammary gland phagocytic cells [44; 78]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Scheme of activation of the immune response via LPS in the mammary gland. 

 

 

The soluble form of CD14 (sCD14) results from shedding of mCD14 [6]. Soluble 

CD14 has been shown to reduce endotoxin-induced activities by competing with 

mCD14 for LPS binding [100, 101]. In contrast to this attribute sCD14 mediates the 

LPS-induced activation of cells lacking mCD14, including epithelial and endothelial 

LPS [92]. 

Lactoferrin (LF), a member of the transferrin family of iron-binding glycoproteins, was 

originally discovered in milk [86]. Antimicrobial activity of LF has been previously 

reported, therefore it has been suggested that milk LF plays an important role in 

mammary gland defense against mastitic bacteria, particularly towards coliform 

infection [73]. Subsequently LF has been shown to have a much wider distribution 

and found to be present at many sites where defence against microbial infections is 
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of importance. It is present at high concentration in bovine milk and has been found 

in most body secretions (e.g., tears, saliva, sinovial fluid) as well as in secondary 

granules of polymorphonuclear leukocytes [50]. During the inflammatory process it is 

released in infected tissues by epithelial cells and in blood by leucocytes [99; 5; 79]. 

LF plays a role in host defense mechanisms via its anti-bacterial, anti-viral and anti-

fungal activities and the ability to modulate inflammatory processes [5; 27]. Many of 

the beneficial physiological effects of the intact bovine LF protein do in fact reside in 

the basic 25-residue lactoferricin (LFcin) peptide [96]. LFcin is released from the N-

terminal region via proteolytic cleavage by pepsin at an acidic pH. This reaction has 

been shown to take place in the stomach releasing LFcin into the intestine, where it is 

relatively stable. LFcin is described to have a more potent bactericidal and 

bacteriostatic activity than the intact LF [43; 7]. 

However the mechanism governing the regulatory functions of LF in the immune 

system is discussed controversially. It appears that the LFcin containing N-terminal 

region of LF interacts with certain cell receptors and LPS [26; 46]. The capacity of LF 

and LFcin to bind free LPS and to interfere with the LBP/CD14 pathway [25] have 

been suggested to contribute to their anti-inflammatory activities by restraining the 

cytokine production (TNFα, IL-1β, IL-6) in vivo and in vitro [49; 18; 51], thus 

protecting organisms from the harmful effect of sepsis [2]. Haversen et al. [34] 

demonstrated that LF inhibits the LPS-induced cytokine production at the 

transcriptional level in two human monocytic cell lines, thus indicating that this 

bioactive protein may have a direct effect on regulation of cytokines.  

In fact, most mechanisms accounting for up-regulation of the immune system by LF 

involve direct LF interactions with cells [89]. Data on these putative receptors and 

pathways are not conclusive and sometimes contradictory. Specific receptor binding 

of LF has been reported for monocytes, macrophages and lymphocytes [8; 10; 13]. 

LF was shown to regulate lymphocyte maturation and activation [52]. Furthermore 

release and binding of LF was demonstrated to promote the activation and 

phagocytosis of PMN and monocytes or macrophages by enhancing motility, 

superoxide production and release of pro-inflammatory molecules such as nitric oxide 

(NO), TNFα and IL-8 [29; 84; 87]. 

Recently it has been recognized that oral administration of LF exerts host-protective 

effects against infections and cancers in various mammals [94]. Suppressive effects 

of orally administered bovine LF have been shown against intestinal E. coli in milk-
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fed mice [93], Staphylococcus aureus [9] and rotavirus [88], which are common 

pathogens causing diarrhoea in calves [95]. Supplementation of LF is able to improve 

fecal scores and to reduce morbidity in preweaned calves [76]. 

Intestinal diseases and insufficient function of the immune system in calves are partly 

responsible for the particularly high mortality and morbidity rates in the neonatal 

period [4; 77]. Therefore neonatal calves are dependent on passive 

immunoprotection by the ingestion of diverse substances from colostrum like 

maternal immunoglobulins (Ig), immune cells, and other substances [4]. Colostrum 

components can modulate gastrointestinal tract (GIT) development [11; 58] as well 

as intestinal absorptive capacity [33; 74] and influence the immune systems of the 

GIT [19; 57]. Among bioactive components, LF is present in high concentration in 

milk, especially in colostrum and during involution or inflammation [31; 50]. LF that is 

ingested with colostrum by neonatal calves is absorbed from the digestive tract and 

then appears in blood plasma [20].  

Specific LF receptors were also found to be expressed on the brush border 

membrane vesicles and the epithelium overlying Peyer´s patches (PP) of the bovine 

intestinal tract [89; 90]. They are involved in the uptake of LF [91], suggesting that the 

immunomodulatory properties of LF in the GIT are receptor-mediated [94]. There is 

also some evidence that LF can influence the development of intestinal epithelia [47; 

80] lymphoid tissues in the GIT [23; 82].  
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AIM OF THE STUDY 
 

 

The objective of the present study was to examine the unclear mechanisms of the 

regulatory properties of LF in the immune system through modern molecular 

biological techniques using immuno-magnetic cell separation, histology, ELISA and 

one-step real-time RT-PCR. To gain insight into cellular and molecular mechanism of 

LF, bovine cell culture models were established and stimulated with LPS and 

LF/LFcin, or with a combination of both. Effects on the cytokine mRNA expression of 

various immunological relevant factors in blood and  milk cells were quantified. A 

focus was also laid on a feeding trial to determine the effects of LF on the health 

status of calves. Interactions among LF and the morphological development of the 

GIT villi and PP as well as mRNA gene-expression levels of pro- and anti-

inflammatory markers were investigated to test LF as a preventative supplement in 

calf nutrition. 
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MATERIAL AND METHODS 
 

 

Blood and milk samples 
Fresh milk (2 l) was collected from one quarter of each Brown Swiss dairy cow and 

centrifuged as described by [71]. Blood was taken from a jugular vein of the animals 

and blood lysis procedure was performed as stated in [70] and [71]. Supernatants of 

milk and blood samples were discarded and the bovine WBC and SC suspensions 

were adjusted to 2*107 cell/ml in PBS/0.1% BSA for immuno-magnetic cell separation 

or 4*106 cells/ml in cell culture media for cell culture. To provide an insight into the 

composition of milk cell populations a cell differentiation was performed using a 

panoptic staining method according to Pappenheim [78]. SCC in milk was determined 

at the Milchprüfring Bayern e. V. (Wolnzach, Germany). 

For in vivo investigations 15 ml blood was collected from the jugular vein using a 

EDTA and serum vacutainer tube (Greiner bio-one GmbH, Germany) between day 1 

and 2 and afterwards once a week. Lysis of EDTA blood was performed as described 

above and leukocytes were transferred in 350 µl RNA extraction lysis buffer 

(Macherey-Nagel, Düren, Germany) for RNA isolation. Serum tubes were centrifuged 

and the overlaying serum was collected and stored at –20°C until analyses [69, 72]. 

The bovine IgG content in serum was then measured by sandwich ELISA according 

to Erhard et al. [28]. The serum LF content was measured by ELISA as described 

earlier [69]. Blood samples were collected for haematological analysis from animals 

following euthanasia and forwarded in EDTA vacutainer tubes to a veterinary 

laboratory (Vetmed Labor, Unterhaching, Germany). Hematocrit and haemoglobin 

concentration, erythrocyte, thrombocyte and white blood cell numbers were 

determined with the CELL-DYN 3700SL System (Abbott Diagnostika GmbH, 

Wiesbaden, Germany). Furthermore a blood smear was send to the lab to obtain a 

differential white cell count.  

 

Immuno-magnetic cell separation of mononuclear cells 
Cell separation was carried out as described by [71] using immuno-magnetic beads 

(Dynabeads M-450, Dynal, Inc., Lake Success, N.Y., USA) coated with anti-mouse 

IgG. Dynabeads were washed and incubated with antibody BAQ151A (5µg/107 

beads) (VMRD, Inc., Pullman, Washington, USA, specific for M-M7). To remove 
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unbound antibodies the suspension was washed using a magnet (Dynal magnet 

MPC-L). WBC and SC suspensions (2*107 cells/ml) were incubated with BAQ151A 

coated biomagnetic beads (4*107 beads/ ml cell sample). The supernatant was 

removed gently with a pipette while the mononuclear cells were attached at the tube 

wall using the magnet. The separated mononuclear cells were washed and finally 

resuspended at a concentration of 4*106 cells/ml in cell culture medium. Viability of 

the separated cells was detected by trypan blue staining. To determine the purity of 

isolated monocytes and macrophages a Pappenheim staining [62] was performed. A 

schematic representation of the cell separation procedure is shown in Fig. 2.  

 

 

 

 

Fig. 2. Immuno-magnetic cell separation of monocytes and macrophages using 

BAQ151A coated Dynabeads (Dynal). 

 

 

Cell assay 
WBC, SC and immuno-magnetic separated monocytes and macrophages of three 

different cows were cultured at a cell density of 4*106/ml (WBC and SC) and 2*106/ml 

(monocytes and macrophages) in the first in vitro [71] experiment. After a culture 

period of 24 h the cells were stimulated in duplicates by addition of 10 µg/ml LPS (E. 

Capture target cells Cell  separationCoating Dynabeads

BAQ151ADynabead

Capture target cells Cell  separationCoating Dynabeads

BAQ151ADynabead
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coli O26:B6, Sigma Chemicals, Seelze, Germany) and allowed to incubate for (0, 1, 

2, 3, 4 or 8h). A nontreated group served as negative control.  

In the second in vitro experiment [70] WBC (4*106/ml medium) or immuno-magnetic 

separated monocytes (4*106/ml medium) were treated after a culture period of 24 h 

with LPS, bovine LF (0-2500 µg/ml, Milei, Leutkirch, Germany), bovine LFcin (0-500 

µg/ml, Morinaga Milk Industry, Zama, Kanagawa, Japan) or combinations of these 

agents (3 µg/ml LPS + 200 µg/ml LF or 3 µg/ml LPS + 500 µg/ml LFcin). 

Concentration test series were incubated for another 2 h. Time test series (3 µg/ml 

LPS; 200 µg/ml LF; 500 µg/ml LFcin) were incubated for the increasing length of time 

(0, 1, 2, 6 and 8 h). Nontreated groups served as negative controls. In both in vitro 

experiments cells were stored in lysis buffer for RNA isolation. 

 

Animals, Husbandry, Feeding and Experimental Procedures 
Forty calves, crossbreds of Red-Holstein-Friesian x Fleckvieh, were divided into two 

groups (LF group and negative control) according to their dates of birth, sex, and 

weight as described by [69]. The calves were placed into the experiment beginning 

on the day of their birth, separated immediately after birth from their dam and kept in 

individual compartments during the colostral phase until the 6th day of live. The newly 

born calves were given as soon as possible post natum 2 up to 3 litres of colostrum 

per meal (2 times per day) until the 6th (± 1) day. Starting at day 3 the animals in the 

LF group received colostrum mixed with 0.54 g LF (DSM Nutritional Products Ltd, 

Basel, Switzerland) at each feeding. After colostral phase (day 6 ± 1) calves received 

a nonmedicated milk replacer (KALBI MILCH, Schaumann GmbH), water and hay 

and concentrate. The LF group was given the milk replacer supplemented with 0.16 

% LF, the other group served as control. Starting on week 2 to 3 also maize silage 

was fed. Disease problems that occurred during the experimental periods (respiratory 

disorders, influenza and diarrhoea) were treated by a veterinarian. 

 
Collection of tissue samples 

After slaughtering 10 calves (5 from each group), the GIT was removed and a 1- to 2-

cm-long cross-section was taken from the small intestine (mid jejunum, mid ileum), 

large intestine (caecum, colon), ventral rumen and reticulum, abomasum and 

omasum. Immediately after collection the tissue pieces were washed twice in 

physiological 0.9% NaCl solution and the tissue sections were embedded and 
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transferred in 3.7% buffered formalin (Carl Roth GmbH, Karlsruhe) for 24h as 

described previously [72]. Tissue samples for RNA extraction collected from the four 

compartments of the cattle stomach, GIT, liver and mesenterial lymph nodes (mLN) 

were placed in individually labeled cryotubes and frozen in liquid nitrogen. Cryotubes 

were stored at -80°C until RNA extraction. 

 

Histology and Histomorphometry 
After fixation in formalin the specimen were dehydrated through a graded series of 

alcohols and embedded in a paraffin. 10 to 15 cuts of 6 μm thickness were made 

from different regions of each block using a microtom (LEICA RM2145). Paraffin was 

removed by xylol (Carl Roth GmbH, Karlsruhe), sections were hydrated and stained 

with hematoxylin and eosin (HE), following the standard protocol [72]. 

Quantitative measurements were made in at least 30 well-oriented crypt-villus 

systems for jejunum, ileum, caecum and colon as described earlier [72]. Analysis of 

villus heights and widths and crypt depths were done on at least 15 well-oriented 

crypt-villus systems for each intestinal sampling site (Fig. 9), and the ratios of villus 

heights to crypt depths were calculated. Furthermore, areas of at least 10 Peyer`s 

patches per slide were evaluated. 

 

Analysis in faeces 
Analysis of bacterial communities in chyme samples taken from the colon after 

slaughtering was made at the Tiergesundheitsdienst Bayern e.V. Grub. The total 

number of aerobe and anaerobe microbial counts as well as some selected indicator 

counts of the diverse bacterial strains were analysed [72]. 

 

Total RNA extraction and quantification 
Total RNA was extracted as described by [71] using the Macherey-Nagel NucleoSpin 

RNAII kit (Düren, Germany). Tissue were homogenized in the RA1 lysis buffer with 

the FastPrep extraction system FP120 (Savant Instruments, Holbrook, NY, USA). To 

quantify the extracted RNA, all spectro-photometric measurements were taken in a 

photometer using UV-transparent UVette (Eppendorf, Hamburg, Germany). Integrity 

of the extracted total RNA was verified by optical density OD260nm/OD280nm absorption 

ratio. 
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Table 1. Primers sequences used for one-step real-time RT-PCR.  
 

Gene 
 
Primer 

 
Sequence 5’  3’ 

EMBL 
Accession 

number 

Product 
length 

TNFα Sense 
Antisense 

TAA CAA GCC GGT AGC CCA CG 
GCA AGG GCT CTT GAT GGC AGA AF011926 256 bp 

IL-1β Sense 
Antisense 

TTC TCT CCA GCC AAC CTT CAT T 
ATC TGC AGC TGG ATG TTT CCA T M37211 198 bp 

IL-6 Sense 
Antisense 

GCT GAA TCT TCC AAA AAT GGA GG 
GCT TCA GGA TCT GGA TCA GTG NM173923 200 bp 

IL-8 Sense 
Antisense 

ATG ACT TCC AAG CTG GCT GTT G 
TTG ATA AAT TTG GGG TGG AAA G AF232704 149 bp 

IL-10 Sense 
Antisense 

ACT TTA AGG GTT ACC TGG GTT G 
CTT CTC CAC CGC CTT GCT CTT U00799 206 bp 

INFγ Sense 
Antisense 

TAA GGG TGG GCC TCT CTT C 
CCA TGC TCC TTT GAA TGA CC M29867 143 bp 

Caspase 6 Sense 
Antisense 

TGT TCA AAG GAG ACA AGT GTC AG 
CAG AGT AGC ACA TGA GGA AGT C BC078785 210 bp 

TGFß1 Sense 
Antisense 

AAG GAC CTG GGC TGG AAG TG 
TCA TGT TGG ACA ACT GCT CCA C XM592497 239 bp 

TGFα Sense 
Antisense 

TGA CTG CCC AGA TTC CCA CA 
GCA GCA GTG TAT CAG CAC ACA M36271 238 bp 

IGF-1 Sense 
Antisense 

CGC ATC TCT TCT ATC TGG CC 
CTG AGC CTT GGG CAT GTC X15726 311 bp 

Cyclin D1 Sense 
Antisense 

TCC TGT GCT GCG AAG TGG A 
GGT CCA GGT AGT TCA TGG C BC014078 246 bp 

LF Sense 
Antisense 

GGC CTT TGC CTT GGA ATG TAT C 
ATT TAG CCA CAG CTC CCT GGA G AB046664 338 bp 

histone 3 Sense 
Antisense 

ACT CGC TAC AAA AGC CGC TC  
ACT TGC CTC CTG CAA AGC AC BT020962 232 bp 

GAPDH Sense 
Antisense 

GTC TTC ACT ACC ATG GAG AAG G 
TCA TGG ATG ACC TTG GCC AG U85042 197 bp 

β-Actin Sense 
Antisense 

AAC TCC ATC ATG AAG TGT GAC 
GAT CCA CAT CTG CTG GAA GG AY141970 202 bp 
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One-step real-time RT-PCR 
Quantitative real-time RT-PCR was performed using the QuantiTect SYBR Green 

RT-PCR (Qiagen, Hilden, Germany) by a standard protocol RNA in a LightCycler 

(Roche Diagnostics, Mannheim, Germany) as previously described [71] or in a Rotor-

Gene 3000 (Corbett Research, Sydney, Australia) [70; 72]. PCR Primers were 

introduced as depicted in table 1. Crossing point (CP) values were acquired by using 

the “second derivate maximum method” of the LightCycler software 3.5 (Roche 

Diagnostics). Crossing point (CP) values in the Rotor-Gene 3000 were achieved 

using the Rotor-Gene software version 5.0 (Corbett Research). Relative mRNA levels 

were calculated by normalization of the CP (= ΔCP) [48] of the target gene to a single 

reference gene [71] or the arithmetic mean of the CP of several reference genes [70; 

72]. To ensure the stability of standard gene expression for internal standardization of 

target standardization of target gene expression data, determination of stable 

reference genes was performed for the in vivo investigation [72]. Therefore, a 

BestKeeper Index [65] was used, based on the expression data of at least three 

reference genes (GAPDH, β-Actin and histone 3). In some cases the cytokine mRNA 

expression was presented as ΔΔCP increase evaluated in relation to each single 

time point and compared to un-stimulated control cells. 
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RESULTS AND DISCUSSION 
 

 

The present results demonstrate the short term effects of LPS on pro-inflammatory 

cytokine, LF and CD14 mRNA expression levels in bovine milk and blood cells [71]. 

Moreover, the influence of bovine LF and LFcin on the cytokine mRNA expression in 

untreated or LPS stimulated leukocytes and macrophages was shown [70]. During 

the course of the experiment the separated cells were in vital condition as determined 

by trypan blue staining. As revealed by Pappenheim staining, the immuno-

magnetically isolated blood monocytes and milk macrophages were almost 

homogeneous, with very little contamination by neutrophils or lymphocytes. Since 

distribution of SC population was dominated by neutrophils (72%), it can be assumed 

that the milk samples were taken from cows with infected udders [78]. Next to the in 

vitro investigations the influence of oral administered LF on the morphology of the 

intestine and on the expression of apoptosis and cell proliferation markers in the GIT 

was demonstrated in calves. In addition, the results show mRNA expression changes 

of various cytokines in the GIT and blood in response to LF, as well as altered serum 

IgG levels and number of peripheral blood leucocytes [72]. 

In all four described cell culture types significant mRNA increases for the pro-

inflammatory cytokines TNFα, IL-1β, IL-6 were found in response to LPS (Fig. 3), 

with peaks after 1 to 3 h (TNFα>IL-6 >IL-1β). This is in agreement with other studies, 

showing that mRNAs of these cytokines were immediately transcribed in monocyte-

derived macrophages [98] and Kupffer cells [103] after exposure to E. coli endotoxin. 

Intramammary infusion of LPS in bovine led to an increase of TNFα and IL-1 

concentration in milk between 2 and 4 h after LPS treatment [85; 64]. 

Results also indicate that LPS-induced mRNA expression levels of all analysed 

cytokines were significantly lower (p<0.001) in SC and milk macrophages than 

corresponding blood cells. Besides, a longer persistence of cytokine gene expression 

could be measured in WBC and monocytes. This is supported by the observation that 

bovine milk macrophages stimulated by E. coli secrete limited amounts of IL-1ß in 

comparison with adequate blood monocytes [67; 68]. Hawkes et al. [35] reported 

increased cytokine production by approximately 40-50% in human milk cells 

stimulated with LPS for 24h, whereas peripheral blood mononuclear cells responded 

to LPS with TNFα, IL-1ß and IL-6 production increased by 350%, 135% and 30%,
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Fig. 3. Kinetics of cytokine mRNA expression in LPS (10µg/ml) induced WBC and 

SC (a, b, c) or monocytes and macrophages (d, e, f). The TNFα (a, d), IL-1β (b, e) 

and IL-6 (c, f). The mean ± SEM from three separate experiments are indicated 

(n=6). The cytokine mRNA expressions are presented as ΔΔCP increase calculated 

in relation to time point zero and compared to un-stimulated cells (asterisk), 

normalised within any single time point [ *p<0.05, **p<0.01, ***p<0.001 ]. Significant 

changes between the single time points are shown by plus [ +p<0.05, ++p<0.01, 

+++p<0.001 ]. 
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respectively. Our hypothesis therefore is that the lower responsiveness of milk cells 

to stimulating agents is on the one hand caused by the blood-to-milk diapedesis, 

which utilizes energy reserves of PMN and monocytes [55], and by the interference 

from milk components [61]. Then again a reduced efficiency may also be attributed to 

the role of CD14 and LF in mediating initiate immune responses to LPS. 

In the present work, transcription of CD14 mRNA was found to be significantly lower 

in untreated SC and macrophages compared to corresponding blood cells. Paape et 

al. [60] found evidence that differentiation of monocytes into macrophages is 

accompanied by a decrease in membrane CD14 numbers. This kind of down-

regulation of LPS receptors at the surface of immune cells could be important for 

prevention of an overwhelming release of proinflammatory cytokines thus preventing 

development of septic shock [24]. The results of this investigation show a significant 

change in the pattern of CD14 mRNA expression in monocytes and macrophages 

after in vitro incubation with LPS (Fig. 4). In monocytes CD14 mRNA was found to be 

slightly up-regulated, whereas transcriptional levels for CD14 was down-regulated in 

LPS treated macrophages. This discrepancy of CD14 gene expression among 

monocytes and macrophages in response to LPS may be part of an endotoxin 

tolerance of milk macrophages, caused through previous stimulation of SC with E. 

coli endotoxin in the mastitis infected udders. Furthermore, Lee et al. [45] found 

evidence for elevated release of sCD14 from CD14-positive cells in bovine milk 

during intramammary E. coli infection. Soluble CD14 is known to bind free LPS and 

inhibit its interaction with mCD14, thus preventing LPS-induced septic shock and 

cytokine release [36; 37; 45]. 

LPS-neutralizing effects were also reported for LF and its peptide [53; 104]. This 

effects are generated by high affinity binding through the LFcin domain of LF to the 

lipid-A of bacterial LPS [2]. Additionally, it was demonstrated that LF may down-

regulate LPS induced cytokines in mononuclear cells through a mechanism involving 

LF internalisation, nuclear localization and interference with NF-κB activation [34]. In 

this study mRNA expression levels for LF in SC were strongly up-regulated 

compared to the other cell culture types (Fig. 4). These findings are independent of 

LPS treatment and culture period, suggesting that transcriptional activity of LF in the 

SC was similar in the infected mammary glands before cell culture. Our results are 

consistent with those of other investigators, showing that LF is produced and 

excreted by stimulated PMN in inflamed tissues [25]. Moreover, the hypothesis that 
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LPS might trigger LF gene expression in neutrophils is supported by the observation 

that LPS induced slight but significant LF mRNA increases in SC (p<0.05). The LPS-

neutralizing effect of LF could also have consequences for the sCD14-LPS induced 

activation of endothelial cells. LF was shown to inhibit the LPS stimulated expression 

 

 
 

 
Fig. 4. Kinetics of CD14 and LF mRNA expression in LPS (10µg/ml) induced WBC 

and SC (a, c) or monocytes and macrophages (b, d). The CD14 (a, b), LF (c, d) 

mRNA expression was assessed by real time one-step RT-PCR using GAPDH as a 

reference gene. To show high expression differences between WBC and SC the LF 

and CD14 mRNA expressions graphs were only normalised against the GAPDH 

mRNA expression (=ΔCP).The mean ± SEM from three separate experiments are 

indicated (n=6). *p<0.05, **p<0.01, ***p<0.001. 
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of E-selectins, ICAM-1 and IL-8 necessary for the local recruitment of immune cell  at 

inflammatory sites [5]. It can be concluded that the poor response of milk cells to 

bacterial endotoxins in the present study was probably initiated by the complex 

immune regulatory properties of LF following release from neutrophils. 

In a second approach therefore the role of LF and LFcin governing the regulatory 

functions in the immune system was enlightened. LF and LFcin effected a significant 

up-regulation of TNFα, IL-1β, IL-6 and IL-10 gene expression in WBC after 2h of 

stimulation (p<0.001). The maximum response was attained at a LF concentration of 

200 μg/ml, while 200-500 μg/ml LFcin were necessary to obtain similar cytokine 

mRNA levels. A combined LF/LFcin and LPS (10 μg/ml) treatment showed no 

significant changes of cytokine mRNA expression levels in those cells, except IL-6 

and TNFα, which were shown to be further stimulated at high LFcin concentrations 

(500 μg/ml). Moreover, the results demonstrated that an addition of LF (200 μg/ml) 

and LFcin (500 μg/ml) did not affect transcriptional activity of TNFα at various LPS-

concentrations (Fig. 5). An increase of TNFα mRNA expression in WBC could only 

be prevented in the presence of LF in combination with 0.3 μg/ml LPS. This was  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Fig. 5. TNFα mRNA expression in bovine leukocytes treated with LPS or LPS+LF for 

2h. Data are presented as means ± STDV (n=2). 
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found to be independent of the different approaches (experiment A: addition of a 

mixture of LF/LFcin and LPS to the cell culture; experiment B: treatment of cell 

cultures with LF/LFcin 30 min after LPS stimulation). 

Thus, an inhibition of the cytokine gene expression through LPS-neutralizing effects 

of LF and LFcin seems to be dependent on a defined [LF/LFcin]:[LPS] molar ratio. 

Since LF and its peptide were able to stimulate cytokine expressions in bovine 

leukocytes and monocytes in a time-dependent manner, these data suggests that 

those molecules comprise a dual protective role, one that activates the innate 

immune response and one that moderates this response from becoming excessive 

and harmful to the host itself.  

Stimulation with LF showed a rapid increase of TNFα (Fig. 6) and IL-10 gene 

expressions in both cell culture types with maximum accumulation after 1h or 2h of 

treatment (p<0.001). In contrast to LF treatment, stimulation with LFcin induced 

slighter increases of TNFα and IL-10 mRNA in both cell culture types, which 

continued to be expressed at a significant higher level to the end of culture period 

(p<0.001). The magnitude of increase of all investigated cytokines varied from 

modest (6-fold) to dramatic (64-fold). A combination of LF and LPS showed no 

serious effects on the expression of these cytokines in WBC compared to LPS 

stimulated cells, whereas in monocytes significant higher levels of IL-10 mRNA 

expression were noticed after 4h of treatment by the additive use of LF (p<0.001). 

Also a combined addition of LFcin and LPS resulted in elevated TNFα- and IL-10 

mRNA expression levels after 1h-2h and 4h of treatment (p<0.001). These results 

suggest that NF-κB might be a limiting factor. This transcriptional factor was found to 

be uniformly expressed over the entire culture period of 8h, independent of the form 

of stimulation. 

Yamaguchi et al. [102] demonstrated that an injection of LF 8 h before LPS 

administration of mice suppressed the LPS-induced TNFα production. LF was also 

reported to down-regulate serum cytokine levels of TNFα, IL-1β, IL-6, induced by 

lipopolysaccharide in mice, thus providing a natural feedback mechanism and 

preventing septic shock [42; 49]. Others suggested that LF and LFcin act indirectly by 

stimulating inhibitors like IL-10 [21]. In comparison to these findings our results 

couldn’t point out remarkable anti-inflammatory activities for LF or LFcin, but showed 

significant mRNA increases for IL-10 in LF and LFcin treated cells. Likewise, the in 

vivo study demonstrated enhanced cytokine mRNA expressions in WBC for IL-1ß, 
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Fig. 6. Time-dependent TNFα mRNA expression in bovine WBC (6a+6b) and 

monocytes (6c+6d) treated with LPS, LF, LFcin, LPS+LF and LPS+ LFcin. Data are 

presented as means ± standard deviation (n=4). The cytokine mRNA expressions are 

presented as ΔΔCP increase calculated in relation to time point zero and compared 

to un-stimulated cells (asterisk), normalised within any single time point [ *p<0.05, 

**p<0.01, ***p<0.001 ]. 
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IL-10 and INFγ after 1 week of LF administration (p<0.05; p<0.001; P<0.05), while a 

significant up-regulation of IL-8 expression was observed after 3 weeks (p<0.05). 

Over the entire administration period the trend of mRNA gene expression of the 

immune markers IL-1ß, Il-8, IL-10 and INFγ decreased significantly, this was justified 

by applying a Person correlation analysis (r = 0.46, p < 0.001; r = 0.46, p<0.05; r = 

0.37, p < 0.05; r = 0.37, p = 0.05, respectively). IL-10 continued to be expressed at a 

higher level until week 6 and diminished rapidly until week 7, whereas the expression 

for IL-1ß, IL-8 and INFγ began to diminish progressively after 1 to 4 weeks 

respectively (Fig. 7). TNFα and IL-6 mRNA expression levels were not affected by 

LF. The modest increase of gene expression for the pro-inflammatory cytokines could 

be explained by the rapid activation of IL-10 mRNA, which was shown to be elevated 

over a long period of time.  

 

 
 
Fig. 7. Effect of  LF on the kinetics of cytokine mRNA expression in WBC. Data are 

presented as means ± SEM (n=5) [ *p<0.05, **p<0.01, ***p<0.001 ]. 
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Both in vitro and in vivo data therefore give evidence that LF or LFcin might induce 

the up-regulation of IL-10 to inhibit the production of pro-inflammatory cytokines to a 

later point in time. It is well known that IL-10 provides a negative feedback control of 

inflammatory processes, strongly inhibits antigen-specific proliferation of T cells and 

decreases the production of pro-inflammatory cytokines like IL-1 and TNFα [22]. 

Moreover the results of both studies suggests that LF and LFcin directly stimulate the 

activity of antigen-presenting cells by specific binding to receptor. 

Next to enhanced cytokine mRNA expressions levels the results of the in vivo 

investigation show a significant increase in a number of peripheral blood leukocytes 

(p<0.05), but also significant higher serum IgG levels in LF treated calves (Fig. 7). 

Furthermore, it could be demonstrated that oral administration of LF enhanced sizes 

of Peyer´s patches in the ileum of calves (p<0.05). The ileal PP are lymphoid follicles, 

located in the mucosa and extending into the submucosa, that produces immature B-

lymphocytes [14; 19]. It is now well established that naturally ingested food 

components can potentially interact with secondary lymphoid organs along the GIT, 

developing a specific immune response to the antigens [54]. Ingestion of colostrum 

rises the proliferation rate of lymphocytes in PP in normal-term calves immediately 

after birth [19]. LF given orally as an antigen was shown to act as an 

immunomodulatory agent by increasing the biosynthesis of IgA and IgG in intestinal 

secretions and in the serum of mice as well as the proliferation of PP cells and 

splenocytes [23;  82] 

In the present study IgG serum concentrations in both groups changed similarly in 

the course of time, whereas lowest IgG concentrations were already reached around 

day 21 post natum [69]. Furthermore, a substantial stronger decrease of IgG content 

was noticed in the control group in contrast to the LF group (Fig. 8). Beginning on the 

21th day of life until the 35th day of life, the IgG content of the LF group was 

significantly higher than that of the control calves (p<0.05). As from the 6th week on, 

the IgG content increased for both groups. This is in agreement with Erhard et al. 

[28], who showed that low point of serum IgG content is reached on day 28 post 

natum and subsequently accelerates to similar levels of adult animals at the age of 

12 weeks. 

Serum LF concentrations remained similar, independent of treatment and age of the 

calves. A possible explanation for the missing significance is the high inter-individual 

variability in LF-absorption. Since in adult animals very little of an ingested dose of LF  
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Fig. 8. Time dependent calf serum IgG contents [69]. Data are presented as means ± 

SEM (n=20) [ *p<0.05].  

 

is absorbed in the intestinal tract, the immunomodulatory properties of LF in the GIT 

seems to be predominantly receptor-mediated. Ingested LF is thought to act on 

intestinal epithelial cells (IEC) and gut-associated lymphoid tissue (GALT) [94; 99] 

documented as a markedly increase of CD4+ and CD8+ T cells in lymphoid tissues 

and lamina propria and of IgM+ and IgA+ B cells in lamina propria of the small 

intestine in LF treated mice. This suggests, that LF is first of all able to facilitate the 

generation of an immune response within the Peyer's Patches. In consequence of 

activation, lymphocytes pass to the mLN and finally into the blood stream, where they 

carry out their final effector functions [41; 94]. This is, as observed in the in vivo 

study, accompanied by an increase in leukocyte numbers, serum IgG and cytokine 

gene expression levels. Moreover cytokines and chemokines produced by IEC or 

GALT cells in response to LF intake are released into the blood and may directly 

influence circulating leukocytes [94]. Our results could not give evidence for a LF 

induced up-regulation of cytokine gene expression in the intestine and mLN.
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Fig. 9. Determination of villus length and width, and crypt depth of the jejunum. 

 

Based on histomorphological analyses, Lf treatment was shown to decrease villus 

sizes and areas in jejunum (p<0.05). In contrast, Schottstedt et al. [80] reported that 

LF supplementation did not influence histomorphometrical parameters of the 

intestinal epithelium, but negatively affected crypt cell proliferation in the colon of 

neonatal calves. This may be in part due to the short duration of the experiment. 

However, our data demonstrate significant caspase-6 mRNA increases (p<0.05) in 

the jejunum of LF treated calves, while diverse cell proliferation markers (TGFα, IGF-

1 and cyclin D1) and TGFß1 were not affected by the treatment. Caspases are the 

final executioners of apoptosis, activated during a signalling cascade in almost all cell 

types [39]. Apoptosis is especially relevant in the GIT, since it is an important process 

responsible for maintenance of the cellular balance between proliferation and death 

and crucial for normal morphology and function [32]. Therefore, an enhanced 

apoptotic rate seems to be associated with a decrease in villus heights in the jejunum 

of LF treated calves. Possible mediators for the induction of caspase activity and 
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epithelial cell apoptosis in the GIT, TNFα and INFγ, were not found to be regulated at 

the mRNA level in this tissue. These cytokines, which are released in large quantities 

upon activation of intra-epithelial lymphocytes, have been shown to play a dynamic 

role in the homeostasis of the villus epithelial barrier [30; 40; 14]. 

Finally, examination of bacterial communities in chyme was performed to investigate 

the influence of LF on pathogenic and constitutional germs. The development of the 

GIT and the immune system is highly influenced by the intestinal flora. Imbalances in 

micro flora or overgrowth of one bacterial species can alter immunological function 

[97]. Variation in total number of aerobe and anaerobe microorganisms and Entero-

/Streptococcus was immense within the groups, whereas microbial counts were 

numerically lower in the LF treated group. This findings may possibly result from the 

often described bacteriostatic and bactericidal activities of LF. Additionally, 

administration of LF tended to reduce the percentage of E. coli on aerobe total 

microbial count. A positive effect of LF on Lactobacilli, by enhancing the proportion of 

those bacteria, could not be demonstrated in this study. Lactic acid bacteria are 

required for the maintenance of animal health and have been shown to prevent 

overgrowth and adhesion of various pathogenic bacteria, e.g. Clostridium 

perfringens, to the intestinal wall [75]. Natural individual fluctuation of the intestinal 

flora and health status of each animal may have covered the effects of LF on the 

composition of bacterial populations. 
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Fig. 10. In vitro and in vivo effects of LF on the immune system and its influence on 

the development of the intestinal epithelia. 
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CONCLUSIONS 
 

 

LF was observed to play a key role in host defense of the bovine mammary gland, 

which acts in a complex mechanism. This includes high transcriptional activity for LF 

in the inflamed tissues, increase of LF gene expression in SC in response to LPS and 

intricate immune regulatory properties. Time and concentration-dependent effects for 

LF and its peptide LFcin on the cytokine mRNA expression in WBC and monocytes 

were shown in vitro. In addition, suppression of LPS-induced cytokine mRNA 

response through LPS-neutralizing properties of LF and LFcin could not be confirmed 

in those cells or appeared to be marginal.  

The in vivo study demonstrates effects of oral administered LF on the systemic 

immune response as well as mucosal immunity in the intestine of calves. These 

enhanced immune responses may contribute to the eradication of pathogens, 

reduction of symptoms, and maintenance of homeostasis during infectious disease. 

Both in vivo and in vitro data therefore provide evidence that beside the iron-binding 

and antimicrobial properties, the overall immune response is clearly regulated by LF. 

These findings also suggest that LF receptors are involved in mediating its 

multifunctional physiological roles in the body.  

In conclusion, LF must be considered in general as a polyvalent regulator, which 

accomplishes its task by interacting with several components involved in infectious or 

inflammatory processes. Due to the increasing relevance for immunological active 

food and feed proteins, LF may play an important role in future medication as a 

preventive supplement and will possibly be used as a replacement for traditional 

antibiotics against infection and inflammation. 
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 Effect of lactoferrin on cytokine mRNA expression 

 TNFα SEM IL-1ß SEM IL-6 SEM IL-10 SEM INFγ SEM Casp-6 SEM Cyc-
D1 SEM TGFß1 SEM TGFα SEM IGF-1 SEM 

rumen 0.08 0.29 -1.05 0.44 -0.74 0.20 0.18 0.24 -1.5 0.52 0.39 0.23 0.01 0.09 ND ND ND ND ND ND 

reticulum 0.06 0.22 1.08 0.65 0.22 0.24 0.26 0.30 -0.18 1.14 -0.02 0.3 0.18 0.22 ND ND ND ND ND ND 

omasum -0.08 0.36 0.72 0.56 0.86* 0.29 0.74* 0.25 -2.14 0.83 -0.53 0.53 -0.46 0.25 ND ND ND ND ND ND 

abomasum 0.09 0.16 -0.68 0.56 -0.64 0.50 -0.54 0.48 2.72* 0.62 -0.22 0.53 0.16 0.22 ND ND ND ND ND ND 

jejunum 0.04 0.16 0.34 0.39 0.12 0.23 0.08 0.2 0.46 0.39 -1.18* 0.25 -0.46 0.43 -0.24 0.19 -0.12 0.25 -0.1 0.27 

ileum 0.21 0.08 -0.77 0.26 -0.91* 0.18 0.17 0.11 0.43 0.40 -0.3 0.47 0.54 0.2 -0.09 0.10 -0.03 0.37 -0.49 0.23 

mes. lymph. -0.02 0.19 0.24 0.36 -0.24 0.32 -0.08 0.13 0.26 0.65 -0.16 0.27 -0.06 0.19 ND ND ND ND ND ND 

caecum 0.23 0.31 -0.47 0.16 0.15 0.31 0.23 0.26 -0.09 0.76 -0.03 0.47 0.03 0.49 -0.06 0.34 0.02 0.17 0.12 0.33 

colon 0.12 0.21 -0.50 0.25 -0.72 0.19 -0.44 0.21 1.98 1.40 0.27 0.27 0.62 0.36 -0.20 0.19 -0.30 0.21 -0.62 0.39 

liver -0.48 0.15 0.02 0.19 0.46 0.35 -0.22 0.17 -2.8* 0.69 1.08 0.47 0.34 0.58 ND ND ND ND ND ND 
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( EIMPDH 1 )
ΔCPIMPDH 1 (mean Control – mean  MPA )

ratio =
( Ebeta-actin)

ΔCPbeta-actin ( mean Control – mean MPA )

expression level was normalized via the β-actin 
expression level (see displayed equation). The individual 
CP means and corresponding real-time PCR efficiencies 
were calculated with REST-XL software (Pfaffl et al., 
2002). 
 

 
 

 

 

 

 
Determination of real-time PCR efficiency 

The corresponding real-time PCR efficiency (E) of one 
cycle in the exponential phase was calculated according 
to the equation (Rasmussen, 2001): E = 10 [–1/slope], using 
a pooled total RNA dilution row (each tissue n = 18 
animals) ranging from 0.40 pg to 50 ng cDNA input, 
performed in triplicates.  
 
Statistical evaluation 
 
Statistical analysis of relative expression levels in real-
time PCR was calculated by the relative expression 
software REST-XL using Pair wise Fixed Reallocation 
Randomisation Test (Pfaffl et al., 2002). The used 
mathematical model is based on the PCR efficiency and 
the mean CPs deviation between the MPA treatment 
group and control group, normalized via the 
housekeeping gene expression (herein β-actin ) as a 
reference. Statistical evaluation of the linear regression of 
the β-actin reference gene CP over nine week in WBC 
was performed using SAS (SAS Institute, 1999). 

Results 
Extracted total RNA contents showed no significant 
variations during MPA treatment period and compared to 
control groups (data not shown). In all investigated 
tissues (WBC, spleen, thymus, liver, kidney, jejunum, 
ileum, pharyngeal- and mesenterial lymph node) the 
IMPDH I, IMPDH II and β-actin mRNA was abundant. 
Real-time RT-PCR products showed the expected length 
of 307 bp, 191 bp and 234 bp, respectively and a single 
peak in the melting curve analysis. Sequences were 
additionally verified by sequence analysis 
(Medigenomics, Martinsried, Germany). Newly 
elucidated ovine IMPDH I sequence was published 
(NCBI Acc. No. AJ535327) in sequence databases      
EMBL (European Molecular Biology Library; 
http://www.ebi.ac.uk/) and GenBank (http://www. 
ncbi.nlm.nih.gov/Entrez/index.html). Homology on 
mRNA level resulted in 92.8% and 79.8%; homology on 
protein level 91.2% and 75.4%, compared to the 
published human and mouse sequences (XM-093044, 
BG276942), respectively. All investigated tissues and 
WBC showed tissue specific real-time PCR efficiencies 
for the mRNA quantification assays (Table 1).  
 
β-actin housekeeping gene expression 

β-actin mRNA expression data showed constancy in the 
regulation in WBC (Table 2) as well as in the 
investigated tissues (Table 3). β-actin was justified as a 
proper choice for a non-regulated housekeeping gene and 
optimal reference gene. A linear regression (Figure 1) 
over nine weeks of MPA treatment was plotted for each 
experimental group (n = 66/67). The mean CP value was 
18.5 ± 1.8 for control (n = 67) and 19.1 ± 2.6 for MPA 
group (n = 66). Linear and non significant regressions 
reflected the constant and not regulated β-actin 
expression and showed no significances between the 
groups and treatment duration. 
 

 
 
 
 
 
 

Table 1. Tissue specific real-time PCR efficiencies of β-actin (reference gene), IMPDH I and IMPDH II (target genes)
assays in ovine tissues (each n = 18). 

Target β-actin 
PCR efficiency 

IMPDH I 
PCR efficiency 

IMPDH II 
PCR efficiency 

White blood cells (WBC) 1.66 2.14 1.77 

Mesenterial lymph node 1.55 1.97 1.66 

Pharyngeal lymph node 1.56 1.81 1.81 

Spleen 1.74 1.94 1.81 

Thymus 1.56 1.99 1.66 

Liver 1.80 1.96 1.72 

Kidney 1.63 2.05 1.87 

Jejunum 1.63 2.08 1.68 

Ileum 1.70 1.95 1.66 
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