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10. Streszczenie

W obronie organizmu przed bakteriami, wirusami i grzybami bior4 udzial liczne bialka

i peptydy przeciwdrobnoustrojowe, takie jak bialka ostrej fazy (BOF) i katelicydyny. Jednym

z gl6wnych patogen6w k6z i owiec jest lentiwirus matrych prze2uwaczy (SRLV), wywoluj4cy

wirusowe zapalenie staw6w i m6zgu (CAE). Zakahenie nim powoduje duze straty

ekonomiczne i obniZa dobrostan zwierzqt. Do tej pory brak jest skutecznych metod leczenia.

Poznanie szerokiego spektrum dzialania ukladu odpornoSciowego, w tym mechanizm6w

epigenetycznych mo2e dostarczy6 wiedzy ug.ecznej w pracach nad skutecznymi metodami

zwalczania CAE.

Celem prowadzonych badari bylo okreSlenie wplywu zakazenia SRLV k6zmlecznych na

ekspresjg gen6w bialek ostrej fazy oraz katelicydyn na poziomie mRNA w kom6rkach

somatycznych mleka i leukocytach krwi oraz na poziomie bialka w mleku i surowicy krwi,

aby zidentyfikowad dodatkowy wskaZnik zakahenia, jak r6wnie? przeanalizowanie poziomu

ekspresji wybranych gen6w miRNA, mog4cych mie6 wplyw na ekspresjg gen6w bialek ostrej

fazy ikatelicydyn.

Badanie przeprowadzono na 24 kozach rasy polskiej bialej uszlachetnionej i polskiej

barwnej uszlachetnionej. Pr6bki mleka i krwi pobrano pigf razy podczas laktacji (w 1., 30.,

60., 140. i 200. dniu laktacji). Poziom ekspresji gen6w BOF i katelicydyn oraz wybranych

miRNA w kom6rkach somatycznych mleka (KSM) i leukocytach krwi (S/BC) ustalono za

pomoc4 metody Real Time PCR, zaS poziom bialka w mleku i surowicy krwi przy uzyciu

test6w ELISA.

W niniejszych badaniach u k6z wolnych od zakalenia i zaka2onych SRLV odnotowano

vty2sz1 ekspresjg Cp i niZsz4 Fby w WBC, a tak2e v,yZsze stgzenie SAA, Hp i CRP w mleku

w por6wnaniu do surowicy krwi. Ponadto u k6z zakahonych SRLV stwierdzono nusz4

ekspresjg MAP28 (mRNA i bialko) w WBC/ surowicy krwi.

Wykazano wzrost ekspresji dw6ch gen6w dodatnich BOF - SAA i Hp w KSM mleka oraz

Hp w WBC k6z zakaaonych SRLV w por6wnaniu do wolnych od zakazenia. Nie odnotowano

natomiast zmian zachodzqcych pod wplywem lentiwirusa w przypadku innych BOF

i katelicydyn na poziomie mRNA. W mleku k6z zakalonych SRLV wykazano nizsze stgZenie

bialka SAA, Cp, MAP28 oraz vryzsze MAP34 w por6wnaniu do k6z wolnych od zakahenia.

Wyasz4 ekspresjg bialka SAA stwierdzono w surowicy krwi k6z zakahonych SRLV

w por6wnaniu do k6z wolnych odzakazenia.
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Odnotowano r62nice w ekspresji BOF i katelicydyn w przebiegu laktacji w KSM k6z

zakahonych SRLV. W okresie okoloporodowym i na poczEtku laktacji wykazano najni?szq

ekspresjg Sll i MAP34. Ponadto okres ten charakteryzowal sig wy2szym poziomem

transkrlpt6w Cp.W szczycie i pelnej laktacji obserwowano najvtyhsz4 ekspresjg genow Cp,

Fba, Fby, AGP, CRP oraz LALBA w WBC koz zakuhonych, przy czym w-tym okresie

obserwowano najni2szlt poziom transkrypt6w SAA. Pod koniec laktacji u k6z zakahonych

SRLV obserwowano wzrost stgZenia Cp i AGP w mleku orazHp w surowicy krwi, podczas

gdy poziom SAA w mleku, atakae AGP i MAP34 w surowicy krwi obni2yl sig.

NajwyZszq ekspresjg Cp odnotowano w okresie okoloporodowym (1. dzief) w KSM

(mRNA) i pod koniec laktacji (200. dziefr) w mleku (bialko) k6z wolnych od zakahenia.

W WBC k6z wolnych od zaka2enia najv,ryZszy poziom transkrypt6w SAA stwierdzono na

pocz4tku laktacji, zaS Cp, Fba, Fby, AGP, CRP, LALBA i BAC7.5 w szczycie i pelnej laktacji.

W surowicy krwi k6z wolnych od zakahenia najv'rylsze stgZenie Cp stwierdzono w okresie

okoloporodowym, zaS najmniejsze pod koniec laktacji.

Wylsz4 ekspresjg miR-214-3p i tendencjE do wyZszej ekspresji mrR-221-5p odnotowano

w KSM w por6wnaniu do WBC k6z zakahonych SRLV. W okresie okoloporodowym (1.

dziefr) w WBC zar6wno k6z wolnych jak i zakaZonych SRLV zaobserwowano najwyLszy

poziom transkrypt6w miR-30e-5p. Ponadto w WBC k6z wolnych od zakahenia w okresie

okoloporodowym i w szczycie laktacji (60. dziefl) stwierdzono wyZszy poziom tranksrypt6w

miR-93-5p w por6wnaiu do pocz4tku laktacji (30. dziefi).

Zwigkszonemu stgZeniu SAA w surowicy krwi towarzyszy obnizone stgzenie SAA i Cp

w mleku zakahonych k6z. SAA hamuje v,r54warzarrie przeciwcial i reakcjg zapalnE orcz

prawdopodobnie pobudza r62nicowanie sig monoclt6w do makro fa g6w, zatem podwyZszona

ekspresja tego bialka we krwi ,pomaga" wirusowi w namna2aniu sig i zakazaniu kolejnych

kom6rek (monocyt6w i makrofag6w) w spos6b ci1g\y. Natomiast obniZone stgZenie SAA

w mleku moae Swiadczyi o hamowaniu namnalania sig wirusa. Ponadto, obniZenie stEhenia

Cp w mleku prawdopodobnie powoduje zwigkszenie stg2enia wolnych rodnik6w

i reaktywnych form tlenu, niszczqcych czynniki chorobotw6rcze. Zatem, obnizone stgZenie

tych dw6ch BOF moze wskazywai, rZ w tkankach wymienia, w przeciwieristwie do calego

organizmu, pobudzone sq niekt6re mechanizmy odpornoSciowe. Jednak niski wrost lub

spadek stgzenia SAA, Hp i Cp wskazuje, 12 bia\ka te w przebiegu zakazenia SRLV u k6z

naleL4 do grupy ,,minor acute phase proteins".

Brak r62nic migdzy stgZeniami innych BOF w mleku i surowicy krwi moZe r6wnie2

oznacza{ ze SRLV ma zdolnoSd do niewzbudzania produkcji wigkszoSci BOF.
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Wylsza ekspresja miR2l4-3p i tendencja do wyZszej ekspresji miR-221-5p w KSM

w por6wnaniu do WBC r6wnie2 wskazuje na odmienn4 odpowiedZ immunologiczn1 calego

organizmu w stosunku do tkanek wymienia w odpowiedzi na zaka2enie SRLV. Wy2szy

poziom transkrypt6w miR-214 i miR-221 w KSM k6z zaka2onych moae Swiadczyi

o podjgciu obrony przez uklad immunologiczny na poziomie lokalnym. Natomiast ni2szy

poziom ekspresji w WBC zwierz4t zakahonych moze Swiadczy6, 2e SRLV ma zdolno66 do

wyciszania ekspresji genu miR-2I4 w tym materiale biologicznym, co by6 mo2e r6wnie2

porwala wirusowi nanamna2anie sig izakahanie kolejnych kom6rek.

miR-93-5p jest zaangahowane w regulacjg proces6w zachodzEcych podczas laktacji

w KSM, jednak jego ekspresja nie ulega zmiarie pod wplywem zaka2enia SRLV. Konieczne

sE jednak dalsze badania nad miRNA w celu wyjaSnienia proces6w zachodzqcych w calym

organizmie, aw szczeg6lnoSci w wymieniukoz zaku2onych SRLV.
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11. Summary

Many proteins and peptides, such as acute phase proteins (APP) and cathelicidins

participate in the immune response against bacterial, viral or fungal infections. One of the

major pathogens in goats and sheep is small ruminant lentivirus (SRLV) which causes

considerable economic losses and negatively affects animal welfare. So far there is no

effective treatment available. The knowledge of the broad spectrum of activity of the immune

system, including epigenetic mechanisms, could be used to develop the effective

pharmaceuticals against SRLV infection.

The aim of the study was to determine of the effect of SRLV infection of dairy goats on

the acute phase protein and cathelicidin genes expression at mRNA level in milk somatic cells

(MSC) and blood leucocltes (WBC) as well as at the protein level in milk and blood serum to

indetified additive biomarker of SRLV infection as well as to analysis of selected miRNA

gene expressions.

The experiment was conducted on 24 dairy goats of Polish White and Polish Fawn

Improved breeds. The samples of milk and blood were collected five times during lactation

(at 1't, 30'h, 60'h, 160th, 200th day of lactation). The levels of APP, cathelicidin and miRNA

genes in MSC and blood leukocytes were established using Real Time PCR method, while the

protein levels in milk and blood serum were measured using ELISA tests.

This study showed higher expression of Cp and lower expression of Fby in WBC in both

SRLV-free and infected goats and also, the higher level of SAA, Hp, and CRP in milk

compared to blood serum. Moreover, there was a lower expression of MAP28 (at mRNA and

protein levels) in WBC/blood serum of SRlV-infected goats.

There was higher expression of two positive APP genes - SAA and Hp in milk somatic

cells and, additionally, higher level of Hp in WBC of infected goats than in the samples from

SRLV-free goats. However, there were no changes in the expression of other APP and

cathelicidin genes at the mRNA level in SRlV-infected goats. A lower level of SAA, Cp,

MAP28 and a higher level of MAP34 were found in the milk of SRlV-infected goats

compared to the milk of non-infected ones. A higher expression of SAA was identified in the

blood serum of SRlV-infected goats at the protein level as compared to non-infected animals.

During lactation, the lowest expressions of SAA and MAP34 werc found in the perinatal

period and at the beginning of lactation in MSC of SRlV-infected goats. Moreover, a higher

level of Cp transcripts was observed in these stages of lactation. At the peak and full lactation,
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the highest expression of Cp, Fba, Fby, AGP, CRP and LALBA genes in WBC of infected

goats, while the lowest level of SAA transcripts was recorded. At the end of lactation, the

increased concentration of Cp and AGP in milk and Hp in blood serum was observed in

SRlV-infected goats, while the concentration of SAA in milk as well as AGP and MAP34 in

their blood serum decreased.

In the milk from goats free from SRLV infection, the highest expression of Cp (mRNA

and protein levels) was identified in MSC in the perinatal period (first day after parturition)

and at the end of lactation (at day 200). In blood leukocltes of goats free from SRLV

infection, the highest level of SAA transcripts was found at the early stage of lactation (day

30), while the lowest levels of Cp, Fba, Fby, AGP, CRP, LALBA and BAC7.5 were observed

at the peak lactation and full lactation. Blood serum samples of goats free from SRLV

infection had the highest concentration of Cp in the perinatal period. Cp reached its lowest

level at the end of lactation.

In SRlV-infected goats, a higher expression of miR-214-3p and a tendency for higher

expression of miR-221-5p were recorded in MSC compared to the blood leukocytes. In the

perinatal period (on day 1 after kidding), the highest level of miR-30e-5p transcripts was

observed in the blood leukocytes from non-infected goats as well as in the ones from SRLV-

infected goats. In addition, a higher transcripts level of miR-93-5p was found at the perinatal

period (on day 1) and at the peak of lactation (on day 60) in blood leukocl'tes of non-infected

goats than the one observed in the early stage oflactation (at day 30).

The higher concentration of SAA in WBC is accompanied by the reduced concentration

of SAA and Cp in the milk of SRlV-infected goats. Since SAA inhibits production of

antibodies and inflammatory reaction as well as probably activates the differentiation of

monocytes to macrophages, its elevated expression in the blood may facilitate the virus

multiplication and infection of next cells. Whereas, decreased concentration of SAA in the

milk may indicate the inhibition of the virus multiplying process. Simultaneously, increased

concentration of Cp in milk is probably connected with increased concentration of free

radicals and reactive oxygen species which destroy pathogens. Thus, the reduced

concentration of those two APPs may indicate that the udder, in contrast to the whole

organism, fights the virus. The lack of the differences in other APP concentrations between

infected and non-infected goats both in milk and blood serum may also mean that the SRLV

is able to be neutral to most of the APPs, without inducing the immune response of the host.

However, low level of fluctuation of SAA, Hp and Cp concentrations indicate the

appurtenance of these proteins to minor acute phase proteins group.
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The higher expression of miR2l4-3p and a tendency for higher expression of miR-221-5p

in milk somatic cells compared to WBC also indicates that the udder defends itself against the

virus. However, a lower level of expression in WBC of SRLV infected animals may indicate

that SRLV has the ability to silence the expression of the miR-214 gene in this biological

material. miR-93-5p is also involved in the regulation of processes occurring during lactation

in milk somatic cells, however, its expression under the influence of SRLV infection remains

unchanged.
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