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SUMMARY

Lymphocyte emigration from the intestinal wall via lymphatics is necessary to maintain gastrointestinal
immunity and also to connect the different parts of the mucosal immune system. In the present study the
numbers and time kinetics of proliferating lymphocyte subsets leaving the gut wall via intestinal
lymphatics were analysed in mesenteric lymph node adenectomized mimipig) (After cannulation

of the major intestinal lymph duct, afferent lymph was collected under non-restraining conditions. In
four pigs lymphocytes taken from the intestinal lymph and blood were incubatedro with the
thymidine analogue bromodesoxyuridine (BrdU) to label all lymphocytes in the S-phase of the cell
cycle. The other four pigs received a single i.v. injection of BrdU 1 week after cannulation. The initial
percentage of BrdU lymphocyte subsets in the intestinal lymph 15min after BrdU injection was
comparable to that after tha vitro labelling (1-5-0-7% in T cells, 10-6 1-6% in IgM" cells and
30-0+11-9% in IgA" cells). From this level onwards, the percentageirofvivo labelled BrdU
lymphocyte subsets reached a maximum at 12 h after BrdU application. A different pattern of BrdU
subsets was seen in the blood. After an early peak at around 3—4h, the frequency ohBrido
labelled cells decreased. Each subset had a maximum between 12 h and 48 h after BrdU application
(maximum of BrdU" CD2" T cells at 12 h, 4-6& 1-5%; IgM" BrdU™ at 48 h, 8-8+ 3-3%). The present
results provide a basis to determine the time necessary for induction of specific intestinal immunity
during oral vaccination studies.
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INTRODUCTION intestinal mucosa [5,6], where T cells and cytokines regulate
plasma cell differentiation (for review see [3]). This continuous

In the intestine humoral as well as cellular immuni lays an S ) i o
ty play cell traffic is important, especially for those antigen-specific

important role in the defence against harmful antigens and ir] o ; 2
. . ; . mphocytes mediating immunity after oral vaccination [7,8].
inducing oral tolerance. The details of the different processes th he present study focuses on the detailed time kinetics of prolif
regulate immunity, oral tolerance, or inflammation of the host areeratirﬁ) Vmphoc i/es leaving the intestinal wall via lvm hatiEs as
still unknown. Many aspects of intestinal immune reactions have 9 lymphocy 9 S ymp .

. . . an essential aspect for understanding immune responses to enteric
been studied and reviewed recently [1-3], but the local prolifera- athogens as well as for the develobment of oral vaccination
tion of B and T lymphocytes in the compartments of the gut wall P 9 P

(Peyer's patches, lamina propria and epithelium) and especiallgrmocpls‘ In previous vaccma_tlon studies in humans, antibody-
their emigration behaviour have only rarely been studied ecreting cells were detected in the blood about 7 days after oral

So far it is known that an intestinal immune reaction starts'mmun'za}tlon W'Fh cholera_ .toxm [9], bL.‘t It is not C'e‘?r at what
within the organized lymphoid tissues. After controlled antigen point of time antigen-specific cells proliferate and emigrate from

: L the place of antigen contact.
uptake by M cells, which are specialized cells of the dome In this studv all lvmohoid cells in the cell evcle of the whole
epithelium [4], antigen presentation, stimulation and induction of nimal : ) ul)é " é’ p'nl - r'] le iniecti {1 ¢ the th Vrvn'd'n
antigen-specific B and T cells initiate the immune response, mainl)?1 imal were faberled using one singie injection ot the tymidine

in the Peyer’s patches. Many of the induced lymphocytes emigratgﬂalt?lgute br%n;ﬁdfesoxyurldlneh(BLdU). Thel Ia}bellec(ij celllls—lym-
and recirculate preferentially into the lamina propria of the PoPiasts and their progeny, which are newly formed cells—were

followed in the intestinal lymph and in the blood. The incorporated
Correspondence: Hermann J. Ritikn Centre of Anatomy, 4120 BrdU and the subsets were detected by a double-labelling proce-

Medical School of Hannover, D-30623 Hannover, Germany. dure. Thus, the appearance of the gut-emigrating proliferating
E-mail: rothkoetter.hermann@mh-hannover.de lymphocytes was analysed and quantified in the intestinal lymph
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using an established pig model [10,11]. The omnivorous pig wa€EDTA + 1-:0g KHCQ and 1l distilled water) for 10 min at room
kept non-restrained under nearly physiological conditions. Usingemperature. The remaining nucleated cells were centrifuged at
this model the data on lymphocyte recirculation from the intestine200g and resuspended in 1 ml RPMI1640. Using a haemocyto-
back to the lamina propria have not only been confirmed, but theneter these cells were counted. Giemsa-stained cytospots were
pool sizes of these cells accumulated in the lamina propria haveased to determine the percentage of lymphoid cells among the
also been quantifieth vivo [12]. To study lymphocyte prolifera- nucleated cells.
tion without the effects of the operation, it was necessary to sustain
the lymph collection for a period of up to 2 weeks. This essentialDetermination of lymphocyte subpopulations
step was made possible by a new cannula. In brief, an indirect immunofluorescence staining was used to
The present results are a basis for experimental strategies in thietermine the lymphocyte subpopulations in the lymph and blood
development of effective vaccination protocols, e.g. using the pigsamples. In a microtitre plate 1x8.0° lymph or blood cells were
model for human rotaviral disease [13] or vaccination protocolsincubated with seven porcine-specific MoAbs against CD2 (pre-
against typhoid fever in humans [14]. ferentially o/8 T cells in the pig), CD4 (T helper cells), CD8
(cytotoxic/suppressor T cells), IgA, IgM, macrophages and Null
cells, which are mainly CD2+/8 T cells in the pig [15,16]. As
a secondary antibody a PE-labelled goat anti-mouse antibody
Surgical techniques (Dianova, Hamburg, Germany) was applied to identify the lym-
The experiments were performed on eight female minipigs of theophocyte subpopulation using a flow cytometric method. Addition-
Gottingen breed. At age 3 months the animals were laparotomizedlly, a double immunofluorescence staining (CD4/CD8) with
under i.v. thiobarbiturate anaesthesia (Trapanal; Byk Guldenisotype-specific secondary antibodies (PE- or FITC-labelled goat
Konstanz, Germany) and all mesenteric lymph nodes draininganti-mouse antibody) was used to determine the CD@8"
the small intestine were removed (animal weight 10.B6kg).  lymphocytes in the intestinal lymph and in the blood. Flow
After the operation the afferent and the efferent lymph vesselgytometric analysis of the cells was performed with a FACScan
reanastomose by physiological regeneration, so that it is possibldP 9000 (Hewlett Packard, Ford Collins, CO). The FACScan
after a few weeks to collect gut-derived lymph directly without program was used for acquisition and the MDI-Software (WinMDI
influence of the mesenteric lymph nodes. At around 8 months ol®.7, facs.scripps.edu) for evaluation of the data.
(animal weight 34-7- 5-1 kg) a venous cannula was established in
the external jugular vein of all animals, before the major intestinalProliferation study
lymph duct was cannulated. Using a midline laparotomy the Invitro labelling. In four animals the lymph and blood samples
peritoneum was opened. The intestinal lymph duct was foundvere taken immediately after the cannulation and on the following
below the pancreas near the confluence of the left renal vein andays and the cells were used for Brifuvitro labelling to charac-
the posterior vena cava. The cannulation was performed with &erize all cells in the S-phase of the cell cycle. With regard to the
special cannula (Teflon TPE Micro Tube; Novodirekt GmbH, intestinal lymph the flasks contained BrdU (@®@ol/l) for a
Kehl/Rhein, Germany) in a silastic leading tube (Silastic; Dow collecting period of 1 h per day. The blood samples were incubated
Corning GmbH, Meerbusch, Germany). The end of the cannuldor 30 min with BrdU in a water bath at 3. Each lymph and
was exteriorized through an incision in the right abdominal wall. blood sample was treated as described.
The intestinal lymph was collected in a 250-ml flask fixed in abag  Invivo labelling. One week after successful cannulation of the
tied on the animal. Afterwards the minipigs were kept under non-intestinal lymph duct four of the minipigs received a single i.v.
restraining conditions with free access to food and water. Theydose of BrdU (20 mg/kg body weight; Sigma, Nehen, Germany).
recovered quickly from the operation and were not affected by therhe lymph and also the blood samples were collected at defined

MATERIALS AND METHODS

surgery. intervals after the injection. The first samples were obtained at 5,
10, 15 and 30 min, hourly from 1 h to 6 h after injection, then at 9h
Collecting and handling the samples and 12 h, and during the next 3 days at 12-h intervals.

During the experiment the intestinal lymph was collected con-  Markers for porcine lymphocytes (CD2, CD4, CD8, IgM, IgA
tinuously, the flasks being changed twice a day, on average aboand Null cells [15]) were used in an immunocytochemical stain
every 12h. The lymph flasks contained 5ml sterile RPMI1640(bridging antibody, alkaline phosphatase—anti-alkaline phosphatase
(Seromed Biochrom KG, Berlin, Germany) supplemented with(APAAP) complex (Dako, Hamburg, Germany) and fast blue salt
antibiotics (6000 U penicillin, 6 mg streptomycin, g§ ampho-  (Sigma)). After fixing and denaturation of the DNA the incorporated
tericin, 3mg gentamycin; Seromed) and 1500 IE heparin to preBrdU was detected by an immunoperoxidase method [10,11].
vent clotting (Liguemin N 250000; Roche, Grenzach-Wyhlen,

Germany). For each lymph sample the volume and the time oftatistical analysis

the collecting period were determined, before the cells wereThe percentage of BrdU lymphoid cells was determined by
centrifuged at 40@ for 10min and resuspended in RPMI1640. analysing at least 500 subset positive cells for incorporated BrdU.
This step was repeated with a defined volume of RPMI 1640. UsindMeans and s.d. were calculated. Differences were taken as signifi-
a phase contrast microscopexd800 magnification the nucleated cant when they reached at led&st 0-05 in the Wilcoxon Mann—
cells, lymphocytes and erythrocytes were counted in a Neubauer#/hitney test.
counting chamber. Based on the data obtained, the lymph flow/h

and the hourly output of lymphocytes were calculated. In addition,

blood samples were taken from the external jugular vein. ToAfter the cannulation of the intestinal lymph duct the minipigs
remove the erythrocytes by osmotic shock, 1 ml EDTA bloodshowed no clinical problems, and they had normal food intake
was incubated with 10ml lysis solution (8-3g ME+0-1g and bowel movements during the whole observation period

RESULTS
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(12-1+ 3-5 days (mear: s.d.)). The lymph flow was relatively evidence of identification of all lymphocyte subsets in the intesti-
constant (17-& 7-1 ml/h) and the hourly lymphocyte yield ranged nal lymph and in the blood. Among all nucleated cells of intestinal
between 8.1 2.7x 1(° (animal 1) and 43-4 12-2x 10° (animal lymph there was a proportion of up to approx. 4% dendritic cells,
8), so that on average 27+518-0x 10° lymphocytes/h left the as revealed by microscopic analysis of Giemsa-stained cytospin
intestinal wall via lymphatics. The lymph flow remained stable, butpreparations.

the lymphocyte output decreased within the first 24 h after the

operation. From the second post-operative day onwards the lymProportion of BrdU' cells in the intestinal lymph

phocyte yield increased again and remained at a comparable highising a double-labelling technique the proliferative behaviour of

level until the end of the experiments. lymphocyte subsets was determined afiervitro and in vivo
labelling with the thymidine analogue bromodesoxyuridine. The
Lymphocyte subset distribution indices, which were obtained aftér vitro labelling (Fig. 1) of

Using flow cytometry the lymphocyte composition was analysed inlymphocytes §=4), showed no variation at the different time
the intestinal lymph and in the circulating blood in parallel. The points after the cannulation (CD2 2-1+ 0-4%; IgM', 9-1+
percentages of immunoglobulin-positive, CDand Null cell sub-  2.4%; IgA", 29-6+ 7-3%). Furthermore, the number of Brdu
sets were comparable over the whole experimental period with ngubsets was lower in blood lymphocytes, but remained stable over
influence of the i.v. BrdU application. In the intestinal lymph the whole observation period.

83.2+6-9% and in the blood 5468-7% CDZ T cells were The BrdUin vivo application at a defined time point (pulse
detected. The CD4T helper cells (39-5 3-4%) outnumbered the label) was necessary to examine the emigration of proliferating or
CD8" T cytotoxic/suppressor cells (30:25-5%) in the lymph, already newly formed lymphocytes. In the intestinal lymph 15 min
whereas in the blood more CD&sells (31-1*+ 6-6%) than CD% after BrdU injection 1-5- 0-7% CDZ T cells had incorporated the
cells (25-8+ 3-8%) were found. The double immunofluorescencelabel (CD8", 0-7+ 0-1%; CD4, 2-2+ 0-6%). However, a higher
staining showed a simultaneous expression of CD4 and CD®rdU labelling index was found for the immunoglobulin-positive
antigens on lymphocytes in the intestinal lymph (#6-7%) lymphocyte subsets (Igh 10-6+ 1-6%; IgA", 30-0= 11-9%).
and in the blood (8-& 2-0%). About 10% of all lymphocytes in These indices obtained after 15 miim vivo were comparable to
the lymph were Null cells (10-3 4-3%). In contrast, the blood those afterin vitro labelling. During the following collection
contained approximately three times more Null cells (2789%).  periods the amount of BrdUlymphocytes increased and reached
The frequency of immunoglobulin-positive lymphocytes in the a maximum at 12 h after BrdU application. In Fig. 2a the emigra-
intestinal lymph (IgM, 9-2- 3-4%; IgA, 1-2+ 0-5%) and in the tion behaviour of BrdU-labelled IgA cells is shown for each of
blood (IgM, 8-6+ 2-9%; IgA, 1-9*+ 2-1%) was similar. The sum of the four animals. At the maximum a mean of 5%-8-7% IgA"
CD2" cells, immunoglobulin-positive cells and Null cells, includ- lymphocytes had incorporated the label. The frequency of BrdU
ing cells identified as macrophages (lymph, 1-@-9%; blood, cells leaving the gut wall 12 h after the application was860%
12-8+ 8-9%), was approx. 100%. These calculations providein the CD2 subset and 17#13-0% in the IgM subset (Fig. 2b). In
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Fig. 1.In vitro bromodesoxyuridine (BrdU) labelling of lymphocytes taken from the intestinal lymph and the blood. The relative proportions
of cells, which were in the S-phase of the cell cycle, are given as mesad.[], IgA™ BrdU*t; O, IgM* BrdU™; A, CD2" BrdU™.
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Fig. 2. (a) Frequency of proliferating or already newly formed Iglkmphocytes in the intestinal lymph for each of the four animals after
bromodesoxyuridine (BrdU) injection. For clarity, only results of selected time points during the first 12 h after BrdU application were
included in this and the following figure®, Animal 5; W, animal 6;A, animal 7;V, animal 8. (b) Detailed time kinetics @i vivo BrdU-

labelled IgM" and CD2" lymphocytes in the intestinal lymph (pooled results of four minipigs, meaid.). Additionally the appearance of

only dull-labelled BrdU lymphocytes, which were detected from 12 h after BrdU injection onwards, are shown. Note that the scale of the
ordinate is different from that in (a®, IgM™ BrdU*; O, IgM™* BrdU" dull; A, CD2" BrdU*; A, CD2" BrdU" dull.

the later sampling periods the frequency of Bfdtklls decreased intestinal wall were calculated based on the lymphocyte yield/h,
in all subsets. About 12 h after BrdU application, lymphocytesthe lymphocyte subset evaluation by flow cytometry and the counts
which showed only a dull labelling of BrdU were observed in eachperformed using the double-stained subset/BrdU cytospot. The
subset. The time kinetics of these populations was determinechaximum output per hour was 0250-2x 10° CD2" BrdU™ cells,
separately (Fig. 2b). 0-3+0-1x10° IgM* BrdU* and 0.1+ 0-1x10° IgA* Brdu* B

The total numbers of Brdt lymphocyte subsets leaving the lymphocytes 12 h after Brdih vivo labelling.
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Fig. 3. Comparison of the bromodesoxyuridine (Brlymphocytes within the CD2, IgM and IgA subsets in the circulating blood after i.v.
BrdU application (meart s.d.).H, IgA™ BrdU*; v, IgM* BrdU*; A, CD2" BrdU™.

Time kinetics of BrdU cells in the circulating blood vascular exit of lymphocytes [18,19], with only a few lymphocytes
The kinetics of BrdU lymphocytes in the circulating blood was leaving the mesenteric lymph nodes via lymphatics to reach the
different from that observed in the intestinal lymph. Moreover, thoracic duct. After mesenteric lymph node adenectomy it was
differences could also be seen between the B and T cells. Thpossible to obtain afferent intestinal lymph almost exclusively. The
percentage of BrdU-labelled CD2cells in the blood increased use of a new Teflon cannula allowed the cannulation of the major
from 0.8+ 0-2% at 15 min, which was comparable to the results ofintestinal lymph duct in the pig model for up to approx. 2 weeks.
in vitro labelling (Fig. 1), to an early peak at 3 h (2:@-9%) after In our investigations the lymph flow (17297-1 ml/h) and the
BrdU application (Fig. 3). During the following hour the BrdU  lymphocyte yield (27-5 18-0x 10°h) were comparable to those
CD2" subset decreased (1+5)-8%). Then the maximum per- reported in earlier studies [10,15]. In total these pigs lose only
centage of Brdt) CD2" lymphocytes was achieved 12 h after the 0-2% of their total lymphocyte pool per day [20] through the
injection (4-6+ 1-5%). The proportions of BrdU-labelled CD4 and cannulation of intestinal lymph. There is no evidence that this
CD8 subsets were similar to the CD2 subset (peak at 3h andmount of lymphocyte loss has any relevance for the results of
maximum at 12 h after BrdU injection). The frequency of BfdU lymphocyte proliferation.
immunoglobulin-positive cells rose from the initial value (IgM The addition of the percentages of CQ2Zmmunoglobulin-
1.3+ 0-6%; IgA", 21-7+ 4-1%) to a peak at 4 h and then decreasedpositive and Null cells, which are preferentially CD2/6 T cells
over the next 2 h (Fig. 3). From 6 h onwards the immunoglobulin-in the pig [16], resulted in approx. 100%. Under the supposition
positive subset increased again and reached a maximum betwe#imat the three populations were different and effectively non-
24 h and 48 h after the injection (Ig\18-8+ 3-3% at 48 h; IgA, overlapping [21], all lymphocytes in the intestinal lymph were
54.-5+ 16-5% at 24 h). Based on the small numbers in the circulatcharacterized by flow cytometric analysis. A significant population
ing blood it was not possible to determine dull-labelled BfdU of CD4"CD8" T cells was present among the gut-emigrant
cells separately. lymphocytes. The frequency of these CDED8" lymphocytes
in the circulating blood was approximately double that in the
intestinal lymph. Other investigators showed that in the pig
DISCUSSION CD4"CD8" T cells are memory T helper cells [22], which can
In this study the appearance, numbers and subset composition b& induced by vaccination [23]. A double expression of CD4/CD8
stimulated B and T cells in the intestinal lymph and in the bloodby rat T lymphocytes was also linked to activation [24]. These
were studied under physiological conditiadns/ivo. Analysing the  results are in accordance with results in humans, where some
kinetics of lymphocyte emigration from the gut in detail will help CD4*CD8™ T lymphocytes express CD8 aftir vitro activation
to understand the time schedule of an intestinal immune reactiorj25].
The omnivorous, monogastric pig was used as model because its The main objective of the present study was to determine the
gastrointestinal tract is comparable to that of humans, e.g. the posémigration behaviour of gut-derived lymphocyte subsets. The time
natal, antigen-dependent development of the Peyer’s patches [1Hinetics was analysed in detail using the thymidine analogue BrdU,
The mesenteric lymph nodes of the pig are unique in their directvhich is incorporated in proliferating cells during the S-phase of
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the cell cycle and can be revealed by immunocytology. Ancells reached peak levels in various lymph samples 20—30 h after
interesting aspect of thimm vivo study was the high initial value retransfusion [30,31]. In those experiments only a few labelled
of BrdU" cells observed within the first samples. The indices cells were detected in the gut lymph within the first few hours after
obtained after BrdUn vitro labelling, which were comparable to reinjection. Most of these cells were large lymphocytes or lym-
those after 15 mirin vivo, suggest that these lymphocytes prolif- phoblasts, which showed that they were in the S-phase of the cell
erate while leaving the intestinal wall, which has also been showrycle, a process that was presumably initiated by antigenic stimu-
in other species [26,27]. Moreover, o vivo results showed a lation [32]. In the pig the majority of fluorescein-labelled lympho-
maximum emigration of newly formed B as well as T cell subsetscytes taken from the intestinal lymph need at least 12 h to migrate
12 h after injection of the DNA precursor. Due to the high absolutefrom the blood through the gut wall back to the intestinal lymph
numbers of T cells, more BrdU-labelled T than B lymphocytes[10]. Therefore, most BrdU-labelled lymphocytes that emigrate
emigrate from the intestinal wall in total numbers. This is in from the intestine within the period up to 12 h after BrdU applica-
accordance with the results of earlier studies [10,11]. The appeation will have their origin in the compartments of the gut wall.
ance of only dull-labelled lymphocytes in the intestinal lymph Moreover, earlier studies pointed out that these lymphocytes with
from 12 h after BrdU injection onwards provides evidence thatthe described time kinetics have their origin mainly in the Peyer’s
these lymphocytes were daughter cells from compartments of thpatches. The metaphase-arrest technique using vincristine demon-
gut wall. The concept of semiconservative replication accounts fostrated a large quantity of proliferating cells not only in the follicles
the low colour reaction of these cells. However, the presenbut also in the corona and interfollicular area [33]. These results
experimental arrangement did not allow the origin of the brightsuggest that the BrdU-labelled cells have their origin mainly in
and dull BrdU" gut-emigrating lymphocytes or the contribution of the interfollicular area (T cell area) and the follicles (B cell area) of
fast recirculating lymphocytes to the pool of Brilgémigrants to  the Peyer’s patches. In mice it was demonstrated that Peyer’s patch
be clarified. cells possess an inherent capacity to continue dividiingitro,
Regarding the recirculating lymphocyte pool, earlier studieswhereas most lymphoid cell populations do not exhibit strong
were based on the use of only thoracic duct lymphocytes from ratproliferative reactions in culture under normal circumstances [34].
[28] and mice [29], which represented a balance of lymphocytedProliferating cells were observed in the lamina propria [35], and
from different sources including the gut. Recent studies, especiallyn the epithelium cells were detected 1h after BrdU injection,
in sheep, in which lymph-derived lymphocytes were labelled andvhich had incorporated the label in the S-phase of the cell cycle
retransfused intravenously, showed that these actively recirculatinfB6]. The frequency of these proliferating lymphocytes in both
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Fig. 4. Schematic summary of the appearance of proliferating cells in the intestinal lymph after labelling all cells in the cell cycle by
bromodesoxyuridine (BrdU) at a defined time point (pulse label). The continuous line ( ) shows the typical appearance of bright and
only dull BrdU-labelled lymphocytes for the BrdUgM™ cells in the lymph (see Fig. 2b). Based on the patterns described the distribution of
the BrdU" lymphocytes was estimated in relation to the cell cycle. Left of the dashedHine-(—) thecells have entered the cell cycle but not

yet completed mitosis. With regard to the results of the Biridtro labelling, the lymphocytes emigrating within the first hour after BidU

vivo labelling proliferate while leaving the intestinal wall. On the right side preferentially post-mitotic cells are present (see Discussion). The
proportion of fast recirculating lymphocytes (- - - - - ) is based on data from the literature [37]. The daughter cells represent the only dull-
labelled BrdU cell population (see Discussion).
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compartments is not high enough to contribute in marked number$0 RothKdater HJ, Huber T, Barman NN, Pabst R. Lymphoid cells in

to the newly formed cell pool observed in the gut lymph. afferent and efferent intestinal lymph: lymphocyte subpopulations and
A different migratory pattern of BrdU-labelled B and T  cell migration. Clin Exp Immunol 19932:317-22.

lymphocytes was observed in the blood. In the present study thél RothKater HJ, Hriesik C, Pabst R. More newly formed T than B

early peak at 3h for T and at 4h for B cell subsets after BrdU Ilyls;gr;h;);)ggglzave the intestinal mucosa via lymphatics. Eur J Immunol

application may be explained by an early emigra_tion of stimulatc_ed12 RothKdter HJ, Hriesik C, Barman NN, Pabst R. B and also T

lymphocyte subsets, not from the gut but from different lymphoid v 5hocytes migrate via gut lymph to all lymphoid organs and the

or non-lymphoid tissues, e.g. the thymus, spleen, bone marrow, jntestinal wall, but only IgA cells accumulate in the lamina propria of

and other sources [33]. Because the blood lymphocyte pool is kept the intestinal mucosa. Eur J Immunol 199%327—33.

in equilibrium with its large reservoirs of migrating cells, lympho- 13 Yuan L, Kang SY, Ward LA, To TL, Saif LJ. Antibody-secreting cell

cyte recirculation experiments are now necessary to clarify the responses and protective immunity assessed in gnotobiotic pigs inocu-

early peak of BrdJ cells in the blood. lated orally or intramuscularly with inactivated human rotavirus. J Virol
In conclusion, our results provide evidence that in the intestinal ~ 1998;72:330-8. o , ,

lymph most newly formed lymphocytes 12 h after BrdU injection 14 Ivanoff B, Levine MM, Lambert PH. Vaccination against typhoid fever:

. . . C present status. Bull World Health Organ 1992;957-71.
predominantly comprise lymphocytes, which have their origin in 15 Davis WC, Zuckermann FA, Hamilton Mt al Analysis of mono-

the Peyer's patches a_nd are dev_eloped during intestinal |mmune clonal antibodies that recognizé T/null cells. Vet Immunol Immuno-
responses. Moreover, it was possible tolpropo.se a hypothesis about pathol 199860:305—16.
the appearance of BrdUlymphocytes, including the only dull- 16 saalniier A, Pauly T, Lunney JKet al. Overview of the Second
labelled cells in the intestinal lymph (Fig. 4). Based on these International Workshop to define swine cluster of differentiation (CD)
results, it has to be investigated whether this pattern is also typical antigens. Vet Immunol Immunopathol 1998)207—-28.
of the appearance of specific cells after antigen exposition. So fat7 Barman NN, Bianchi ATJ, Zwart RJ, Pabst R, RétitéoHJ. Jejunal
the parameters of a successful oral vaccination, e.g. dose, single or and ileal Peyer's patches in pigs differ in their postnatal development.
repetitive application, and in particular the time intervals, have Anat Embryol 199719541-50. _
been arrived at by trial and error and not because the different steg$ Binns RM, Hall JG. The paucity of lymphocytes in the lymph of
of the pathomechanisms are really understood. Thus, the prese% lénanaeSthet'SEd pigs. Br J Exp Pathol 19%275_89' N
. . f . ennell MA, Husband AJ. Route of lymphocyte migration in pigs. |.
data provide th? bas.|s to, determine the time necessary for the Lymphocyte circulation in gut-associated lymphoid tissue. Immun-
development of intestinal immune responses. ology 1981:42:469—74.
20 Pabst R, Trepel F. Quantitative evaluation of the total number and
distribution of lymphocytes in young pigs. Blut 19751:77-86.
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