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Abstract

Kovara F., H. Kovafa, A. FiSerovia, E. Matalova, P. Zelni¢kova, L. Landa,
M. Palikova: Physiological and Immunological Profilesafter Intrauterine Immunization. Acta
Vet. Brno 2002, 71: 487-493.

Onset of physiological immunocompetence, i.e. ability to respond to antigen by production of
specific antibodies without disturbance of the physiological integrity of the organism was studied
in pig fetuses. Closed surgery technique was used to expose the fetuses. Flagellin in non-complete
adjuvant was used as antigen. Fetuses were immunized on day 54 of gestation, i.e. in the period
when T-B dichotomy in secondary lymphatic organs as principal sign of differentiation is already
present. Besides the specific immunological response the intrauterine immunization resulted in
increased numbers of agranulocytes within secondary lymphatic organs and in circulating blood.
No maturation to their plasma cells but increased activity of gamma-glutamyl transpeptidase
(GGT) was observed. Increased concentration of total proteins with predominant increase of
albumins and gammaglobulins along with adecrease of actual amount of alpha-1-fetoprotein was
found in blood serum of immunized fetuses. Shift of maturation curves of erythroid and myeloid
line to younger developmental forms appeared in haemopoietic organs of these fetuses. In older
fetusesimmunized on day 74 of gestation, i.e. when abasis of follicular organisation of lymphatic
tissue is present, a typical cytological immune reaction “of adult type” was observed. It was
characterized by multiplication of lymphocytes of all size categories and their differentiation to
plasmacells.

Pig fetuses, devel opment of immunocompetence, lymphatic and hemopoietic organs

Developmental immunology has an ideal experimental model in porcine fetuses because
of the character of placentation in this species (placenta epitheliochorialis, diffuse type).
This type of placenta not only prevents transfer of immunoglobulins between mother and
fetus but it also markedly constrains the non-controllable antigenic stimulation during
intrauterinedevelopment (Sterzl and Silverstein 1967; Kovaia etal. 1969). However,
developmental immunology is focused not only on the study of spontaneous devel opment
of effector systems of immunity but it al so takes advantage of possibleinduction of immune
response at particular developmental stages under precisely defined conditions. For this
purpose a unigue ontogenetic model of development of physiological immunocompetence
has been elaborated. It is based on the ability of developing fetuses to respond to specific
antigenic stimulus after intrauterine immunization without affecting their basic
physiological indices and integrity (Kovafu etal. 1971; Kovafa and StoZicky 1986;
Rehdkov4 etal. 1996).

The onset of physiological immunocompetence against sheep erythrocytes (corpuscular
antigen) and @X phage 174 (model of viral antigen) on day 70 of gestation has been
demonstrated (Sterzl and Kovaia 1877). The aim of this experiment was to study the
antigenic stimulation during an earlier prenatal period (from day 54 of gestation), i.e. during
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the key developmental stages of spontaneous maturation of lymphatic and haemopoietic
systems as a morphologica substrate of immune responses. Changes in lymphatic and
haemopoietic organs are reported as well as further basic physiological indices of fetuses
after intrauterine immunization.

Materialsand Methods

We used 8 pregnant minipig (Minnesota) sows in the second half of gestation (a total of 52 fetuses). Surgical
intervention was carried out on days 54 and 74 of gestation. Immunization was carried out using a closed
intrauterine immunization technique (Kovaft et al. 1971; Kovaif and StoZicky 1986; Rehdkova et al.
1996) in halothan-oxygen anesthesia with 50 percent N,O admixture (spontaneous breathing). Basic physiological
indices (mean arterial pressure, respiratory rate, pulmonary ventilation, rectal temperature and values of pH, pO,,
pCO,, and sO,) in maternal and fetal blood were continuously monitored. The above mentioned technique enabled
the surgical intervention on pregnant uterus without disturbing the basic physiological integrity of mother or
fetuses. Flagellin was used as a T-independent antigen (100 pig i.m. per fetus in non-complete adjuvant AL-SPAN-
OIL adjuvans — Sevac, Praha). After intrauterine immunization half of the number of fetuses was kept in uterus
without immunization as controls in each sow (26 fetuses immunized and 26 controls). Besides the classical
haematological and quantitative cytological technique (Kovafa et al. 1995), the following methods were used:
Immunochemical technique for demonstration of immunoglobulins using monospecific anti-, anti-yor anti-o sera
(ProkeSova et al. 1979). Activitiess of Na*K*-ATPase, Ca?*-ATPase, Mg2+—ATPase and gamma-
glutamyltranspeptidase (GGT) were determined in primary and secondary lymphatic organs as a biochemical
criterion of cell membrane maturation (Kovara et al. 1982; Kovara et al. 1992). The techniques of
electrophoresis, immunoelectrophoresis and rocket immunoelectrophoresis were used for analyses of proteins in
serum and other body fluids.

Resultsand Discussion

As shown earlier, pig fetuses are able to respond to immunization with flagellin by
production of specific antibodies as soon asfrom day 54 of gestation, and they are also able
to recogni ze certain hapten groups(e.g. dinitrophenyl —DNPand fluorescein). Thisfact was
detected at both serological and cellular levels (Tlaskalova-Hogenova et a. 1994). In
this prenatal period T-B dichotomy in primary and secondary lymphatic organsis already
well apparent. However, the numbers of immunocompetent B-cells with IgM receptor are
rather low and they range about 1 x 10° which is 300 times less than in a newborn piglet
(3 x 10%) (Kovait et a. 1995). Neither follicular and periarteriolar organization of
secondary lymphatic organs is yet present in this period, and lymphocytes are loosely
diffused in their histioreticular structure (Kruml et a. 1970). Despite this qualitative and
guantitative handicap porcine fetuses on day 54 of gestation are already ableto respond in
agoal-directed way to antigen. Besidesthe production of specific antibodies (Tl askal ova-
Hogenova et a. 1994) in this study polyclonal activation of synthesis of all
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Fig. 1. Effect of intrauterine immunization in FD54 on  Fig. 2. Effect of intrauterine immunization in FD74 on
immunoglobulin levelsin fetal blood serum seven days immunoglobulin levels in fetal blood serum 12 days
later (FD61) |ater (FD86)



489

35 18
—=- control -=—control
14
25
12
20 10
o 0\0
o 15 8
6
10
4
5 2
0
proerybl. ~ bas. erybl. ~ pol. erybl. ~ ox. erybl. myelobl. prom. myel. metam. staff seg.

Fig. 3. Effect of intrauterine immunization in FD54 on  Fig. 4. Effect of intrauterine immunization in FD54 on
maturation curve of erythroid cellsin fetal liver 7 days maturation curve of myeloid cellsin fetal liver 7 days
later (FD61) later (FD61)
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Fig. 5. Effect of intrauterine immunization in FD54 on  Fig. 6. Effect of intrauterine immunization in FD54 on
mononuclear cell proportion in fetal liver 7 days later mononuclear cell proportion in fetal spleen 7 dayslater
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Fig. 7. Effect of intrauterine immunization in FD54 on  Fig. 8. Effect of intrauterine immunization in FD54 on
mononuclear cell proportion in blood 7 days later mononuclear cell proportion in blood 7 days later
(FD61) - per 1mm? of blood (FD61)

immunoglobulingroups(IgM, 1gG, IgA) inyounger (Fig. 1) and in older fetuses (Fig. 2) was
detected. It is accompanied by expression of 1gG receptors on the surface of lymphocytes,
that are not present in non-stimulated fetuses, and it is also accompanied by distinct
expression of MHC antigen class|l (Trebichavsky 1985).
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Table 1
Initial values of enzyme activities (control activity)
GGT Na*K*-ATPase | Mg?*-ATPase
nmoles pNA/10° cells! nmoles Pi/10° cells@!
Spleen 62+8 48+5 16214
Lymph nodes 45+7 145+ 17
Thymus 41+8 + 38+4
Table 2
Effect of intrauterine immunization on enzyme activity of lymphocytes 7 days later (FD61)
Lymphocytes GGT Na*tK*-ATPase Mg*+-ATPase
from ! % control activity
spleen 10 165+ 15 110+ 12 92+8
1. nodes 8 170+ 18 101 +38 115+13
thymus 10 92+12 104+ 10 12117

Intrauterineimmunization had al so apolyclonal effect on day 54 of gestation onthewhole
system of haemopoiesis and lymphopoiesis. Thisis observed especiadly infeta liver thatis
the major haemopoietic organ in thisperiod (Kovara et al. 1995). Thiswas manifested by
the shift in the peaks of maturation curves of erythroid (Fig. 3) and myeloid (Fig. 4) lines
towards younger developmental forms. Concerning mononuclear cells, cytological
characteristic of immuneresponsein younger fetuses (541" day of gestation) is characterized
by evident increase in actual and relative representation of lymphoblasts and medium
lymphocytes aswell as by various devel oping stages of monocytes. This characteristic was
apparent in both haemopoietic (fetal liver) and secondary lymphatic (spleen) organs (Figs.
5 and 6). This characteristic was also apparent in circulating blood both in relative terms
(Fig. 7) and expressed per 1 mm?3 of blood (Fig. 8). In fetuses immunized on day 74 of
gestation and studied 12 days later, i.e. in the period when follicular and periarterioal
organization of lymphatic tissue was already present, besides increased numbers of
lymphocytes of particular size categories also maturation leading to plasmacells appeared.
Thiswas apparent in both lymph nodes and circulating blood (Fig. 9, 10).

Gamma-glutamyl transferase (GGT) activity was significantly higher (Tab. 1, 2), in
immunized fetuses (54! day of gestation) in lymphocytes of secondary lymphatic organs.
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Table 3
Effect of intrauterine immunization in FD54 on AFP levels in fetal body fluids 7 days later (FD61)
control immunized
sample No exp A % of control range (%)
mg AFP/ml
blood serum 7 24 3.6 2.7 75 60-78
amniotic fluid 4 15 0.52 0.33 64 52-70
allantoic fluid 4 15 0.61 0.38 63 30-75

This corresponds with our previous conclusions, namely, a decreased degree of lipid
fluidity (lipid microviscosity) in plasma membranes in lymphocytes of secondary
lymphatic organsinimmunized fetuses. Thisisin direct correlation with increased activity
of GGT asmarkers of maturation of plasmamembraneinthesecells(Kovaiua etal. 1979).
These findings are in agreement with our earlier results obtained in postnatal period in
piglets kept under germ-free conditions or kept on a non-antigenic diet. Activity of GGT
was significantly lower in lymphocytes of primary lymphatic organs in these piglets than
in piglets kept under conventional conditions and exposed to antigenic pressure of
microbial flora. On the other hand, GGT activity was highly increased in lymph node
lymphocytes of immunized piglets.
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immunized fetusesis of particular interest. Thisis apparent not only in fetal serum but also
inamnioticand allantoid fluid (Tab. 3). Sincethisoncofetal glycoprotein showsasignificant
immunosuppressive effect invitro (Kovaia etal. 1978; Kovaru etal. 1976), itsdecrease
in body fluids in vivo during immune response suggests its possible participation in the
regulation of development of immunocompetence during ontogenesis.

Our resultsindicate that the consegquences of intrauterineimmunization are manifested not
only by production of specific antibodies but they are aso reflected in other organ systems
due to the complicated compensatory mechanisms of neuroimmunoendocrine regulation
(Kovaiu etal.1997). In order to eliminate the stress effect of intrauterine immunization in
the devel oping fetuses we determined their serum cortisol concentrations on days 7 and 14
after immunization. In stimulated fetusesitsincrease wasnot significant, and itsactual values
did not indicate the presence of the classica stress reaction in the cascade of
immunomorphological and physiological changesfollowing intrauterineimmunization (Fig.
12). Study of possible late consequences of intrauterine immunization in the early postnatal
period based on changes in physiological and immunological indices in stress-affected
animals (asamodel of intrauterine infection) will be the aim of our further research.

Zmény fyziologickych a imunologickych ukazateli po intrauterinni imunizaci

Metodou uzaviené operacni techniky intrauterinni adjuvantni imunizace byl u prasecich féta
sledovén nastup fyziologické imunokompetence, tj. schopnosti reagovat na podani antigenu
tvorbou specifickych protilatek bez naruSeni fyziologické integrity féti. Jako antigen byl
v naSich pokusech pouZit flagellin v inkompletnim adjuvans. Féty byly imunizovany 54. den
gestace, tj. v obdobf, kdy je jiZz patrna T-B dichotomie v sekundarnich lymfatickych organech
jako principidlni znak diferenciace. Praseci féty jsou schopny reagovat jiz v tomto obdobi na
podani antigenu tvorbou specifickych protilatek. Kromé specifické imunitni odpovédi méa
intrauterinni imunizace v tomto obdobi za nasledek nérist poctu agranulocytli v sekundérnich
lymfatickych orgdnech a cirkulujici krvi bez maturace aZ do jejich plazmatickych bunék
a zvySeni jejich aktivity gama-glutamyl-transpeptiddzy. Krevni sérum imunizovanych féti je
charakteristické zvySenim koncentrace celkovych proteinti s dominantnim naristem hladiny
albumind a gamaglobulinii spolu se sniZenim absolutniho mnozstvi alfa-1 fetoproteinu.
V hemopoetickych orgdnech takto ovlivnénych fétt dochdzi k presunu maturacnich kiivek
erytroidni a myeloidni fady smérem k mlad$im vyvojovym formam.

U starSich fétl imunizovanych 74. den gestace, kdy jsou jiz vytvoreny zaklady folikularné
organizované lymfatické tkané miiZeme pozorovat typickou cytologickou imunitni reakci
»dospélého typu“ charakteristickou zmnoZenim lymfocytl vSech velikostnich kategorii
a jejich diferenciaci aZ do bunék plazmatickych.

Acknowledgement

This work was supported by the Grant Agency of the Czech Republic (304/01/0850), International Scientific
Program CEZ: J 16/98: 161700001 FVL VFU Brno and MSMT 111100001.

References

KOVARU, F, KOVARU, H, HALOUZKA, R, SPANOVA, A, PALIKOVA, M, DRABEK, J 1995: Ontogenetic
changes in immunophenotypic markers on pig lymphocytes. Proc Royal Micr Soc 30, Pt2: 122-123

KOVARU, F, KRUML, J, MANDEL, L 1969: The development of lymphatic and hemopoetic tissues in pig
fetuses. Int Pig Vet Soc Congress, Proc, Cambridge 84 pages

KOVARU, F, POSPISIL, M, TREBICHAVSKY, I, HOFMAN, J, KOSTKA, M 1978: Localisation and some
biological properties of pig alphafetoprotein. Scand J Immunol 7: Suppl 8: 103-113

KOVARU, F, STOZICKY, V 1986: Techniques of the experimental surgery in pig fetus. Proc of Int Pig Vet Soc
Ith Congress, Barcelona, p. 110

KOVARU, F, STOZICKY, V, KRUML, J, DLABAC, V, DONAT, J, NOVOTNA J 1971: Experimental surgery
in the fetal period of mammals. Acta Vet Brno, Suppl. 3, 40: 1-68



493

KOVARU, H, KOVARU, F,HASKOVA, V 1997: Cell surface enzymes of brain cortex cell or lymphocytes during
early . allogenelc reaction. Physiol Res 46: 137-144

KOVARU, H, KOVARU, F, KOZAKOVA, H, FISAR, Z, KNOTEK, Z, VOIJTIEK, P 1992: Lymphocyte cell
surface events and regulation of cell maturation and proliferation. Proc 12lh IPVS Cong, Hague, Vol. II., p 416

KOVARU, H, KOVARU, F, MANDEL, L 1979: Membrane-bound enzymes of lymphoid tissues. . ATPase and
gammaglutamyltranspeptidase activities of intact cells during ontogenetic development of germfree and
conventional pigs. Folia Microbiol 24: 51-52

KOVARU, H, KOVARU, F, PLASEK, J, FISAR, Z, MANDEL, L 1982: Lectin-induced surface changes in
lymphocytes of gnotobiotic pigs. Lectins-Biology, Biochemistry and Clinical Biochemistry, Ed. T.C.Bog-
Hansen, W.Da Grzuter, Berlin, N.York, VoL.II, pp. 315-323

KOVARU, H, KOVARU, F, ZAHRADNICKOVA, M, SIMAN, P 1986: Immunomodulatory activity of
glycosylated pig albumin in comparison with carbohydrate AFP isoform. Tumor Biol 7: 304

KRUML, J, KOVARU, F, LUDVIK, J, TREBICHAVSKY, I 1970: The development of lymphoid and
hemopoietic tissues in pig fetuses. Folia Microbiol 15: 17-22

KRUML, J, KOVARU, F, POSPISIL, M, TREBICHAVSKY, 1 1970: The development of lymphatic tissues during
ontogeny. Developmental aspects of antibody formation and structure, Academia, Praha, vol. 1: 35-54

PROKESOVA, L, KOVARU, F, JAROSKOVA, L, KOSTKA, J, HAVRANEK, T, REJNEK, J 1979: Ontogeny
of immunoglobulin synthesis of IgM, IgG and IgA in newborn piglets. Dev Comp Immunol 3: 127-138

REHAKOVA, Z, KOVARU, F, SPLICHAL, I 1996: Intrauterine immunization. Immunology Methods Manual —
the Comprehensive Sourcebook of Techniques. Edited by I. Lefkovits, Academic Press, Vol. 3, pp. 1547-1549

STERZL, J, KOVARU, F 1977: Development of lymphatic tissue and immunocompetency in pig fetuses and
germfree piglets. Acta Vet Brno 46: 13-53

STERZL, J, SILVERSTEIN, AM 1967: Developmental aspects of immunity. Advances in Immunology. Dixon,
FJ, Humphrey, JH, eds, Academic Press, New York/London, 6: 337-459

TLASKALOVA.HOGENOVA, H, MANDEL, L, TREBICHAVSKY, I, KOVARU, F, BAROT, R, STERZL,
J 1994: Development of immune responses in early pig ontogeny. Vet Immunol Immunop 43: 135-142

TREBICHAVSKY, I, KOVARU, F, NEMEC, M 1988: Expression of MHC Class antigens and Ig in immunized
pig fetuses. Folia Biol 34: 53-57



Plate III
Kovéra F. et al.: Foetal... pp. 495-502

Fig. 1. Immunohistochemica localization of 1gG in maternal part of intact pig placenta (indirect
immunofluorescence antiserum labeled with FITC). No transfer of immunoglobulin from mother to fetuses.



Plate IV

Fig. 2. Immunohistochemical localization of 1gG in materna part of pig placenta seven days after surgical
intervention (indirect immunofluorescence antiserum labeled with FITC). No transfer of immunoglobulin
from mother to fetuses.



