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SUMMARY

The acute stages of infection with swine influenza visug (porcine respiratory coronavirusrcy) and porcine reproductive-res-
piratory syndrome virusPrs\) were shown to differ in terms of clinical and lung inflammatory effects and proinflammatory
cytokine profiles in bronchoalveolar lavagenl) fluids. Caesarian-derived colostrum-deprived pigs were inoculated intratra-
cheally with one of the three viruses: infection was followed within 1 day post inoculatiore(dby characteristic respiratory and
general signs, and excessive lung epithelial desquamation and neutrophil infiltration (38 to 56 peacesgltsfat 1 deivs O to

1 per cent in controls). High concentrations of bioactive interfer@an-a), tumour necrosis factor-(rnF-a) and interleukin-1
(iL-1) coincided with peak symptoms and neutrophil infiltratrorcy infection was asymptomatic and produced a mild bronchoin-
terstitial pneumonitis and neutrophil infiltration (13 to 22 per cesiofcells at 4 cb1). IFN-a titres parallelled those found during

siv infection, TNF-a was negligible and.-1 undetectablerrrsv infection induced anorexia and lethargy between 3 ancei5 d
There was marked infiltration with mononuclear cells in alveolar septamantluids between 7 and 10w, while neutrophils
remained at less than 11 per cengaf cells at any timewL-1 was produced from three throughout 18, dvhile IFN-a production

was minimal andnF-a undetectable. These data strongly suggest that proinflammatory cytokines can be important mediators of
viral respiratory disease.

SWINE influenza virus qv), porcine respiratory coron- Interferon-a (IFN-0), tumour necrosis factor-@rnrF-a) and
avirus prcv) and porcine reproductive-respiratory syndrometerleukin-1 (L-1) are the first cytokines to be produced fol-
virus (PRRS\) are ubiquitous in swine producing areas dbwing pulmonary virus infection (reviewed by Bielefeldt-
Europe. All three viruses are transmitted via the respirat@hmann 1995). Bothnr-a andiL-1 induce a striking increase
route and infect the pig lung, but they differ in terms of lung intra-alveolar neutrophils when injected intratracheally into
target cells and replication kineticsv and Prcv replicate rats, and they exert profound stimulating effects on neutrophil
principally in lung epithelial cells and cause acute, self-limignd macrophage functionsn-a also stimulates a variety of
ing infections (Haesebrouck and Pensaert 1986, O'Toolepeagocyte functions (reviewed by Tizard 1995). In addition,
al 1989, Cox et al 1990, Brown et al 1993)rsy, on the all three cytokines share systemic effects known as the ‘acute
other hand, has a predilection for lung alveolar macrophagaisase response’, such as fever, lethargy and anorexia. Severe
and persists in these cells during at least 3 to 4 weeks (Dluery inflammation and disease result in particular when
et al 1997). The clinical importance of these infections is freytokines occur at high levels or in combination with each
quently a matter of debate. Still, critical analysis of field arather (Murtaugh et al 1996). In experimental infections of pigs
experimental data indicates differences in pathogenicityth Mycoplasma hyopneumonigAsai et al 1993) or with
between these virusesiv has been associated with outActinobacillus pleuropneumonigBaarsch et al 1995), lung
breaks of fever, anorexia, tachypnoea, dyspnoea and cougdutrophil infiltration and pathology have been associated
ing; and the typical clinical picture has been reproducedth TnF-a andiL-1. As for virus infections of the pig lung, the
experimentally (Haesebrouck and Pensaert 1986)v or possible involvement of cytokines is largely unexplored.
PRRSV infections on swine farms frequently pass without In this study, we compareslv, PRcv andPrrsvfor clini-
being noticed. Most experiment&Rcv infections have cal manifestations and for lung proinflammatory cytokine
remained asymptomatic (O'Toole et al 1989, Cox et al 199@jofiles in a gnotobiotic pig model. In addition, we tried to
Similarly, after experimental inoculation of Europesrsv identify correlations between these parameters.
isolates, respiratory disease has been difficult to reproduce
and a transient fever was the most consistent clinical mani-
festation (Paton et al 1992, Nielsen and Botner 1997).

Cytokines produced locally at the site of infection regulate MATERIALS AND METHODS
many of the host responses to respiratory pathogegsus strains

The A/Sw/Belgium/1/83 (H1N1) strain of influenza virus
*Corresponding author was used at the 3rd passage in embryonated eggs, the 91Vv44
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TABLE 1: Results of virus titration of lung tissue at various times after Cytokine bioassays
inoculation with  siv, PRCv oOr PRRSV

- . - — IFN-0, TNF-0 andiL-1 concentrations iBAL fluids were

Ime pos ange ot virus titres H H H H H H
Inoculation inoculation Number of pigs (log,.ID,,g* lung) determmed_ by ploassay and expressed in b|ollog|cal units

mi~t BaL fluid. Bioassay data were corrected using labora-
gR/S 118dh 3 6907 tory standards with assigned potencies. Samples were teste
oV 1d 3 8.4-9.0 in three (FN-a, TNF-O) or 2 (L-1; dgpllcates pf samples)
siv 2d 3 7.7-8.2 independent assays, and geometric mean titres of the co
§|E\;/s ig i 6.5-7.0 rected values were calculated.
PRCV d > 56-6.0 IFN titres were determined in a cytopathic effeceq
PRCV 2d 2 6.6-6.6 reduction assay using Madin-Darby bovine kidnepek)
PRCY ad 4 73-83 cells and vesicular stomatitis virussy) (La Bonnardiére
CV ad 4 7.5-8.5

PBS 1d 3 - and Laude 1981)pBk cells were seeded at 2.51.€° cells
Egggg gg g i-g—g-g per well in 96-well microtitre plates in 1Q0 Dulbecco’s
PRRSV 2d 3 55 6.7 modlfle_d Eagle medium Wlth_ 10 per cent fetal calf serum
PRRSV ad 2 5.0-7.0 (Fcs Gibco), 100 IU mi* penicillin, 100pg mi? strepto-
PRRSV 10d 2 50-5.8 mycin and 10Qug mt* kanamycin. Following overnight

incubation (37C, 5 per cent C(), the medium was
removed, and 100l serial two-fold dilutions of samples
were added. After a further 18 hours incubation, samples
strain ofPRcv was at the 2nd passage in swine testis ceflad virus control wells were challenged withB0/sv and
(Van Reeth and Pensaert 1994), and the Lelystad virus steah control wells received 50 of medium. Two days later,
of PrRRsv (kindly provided by Dr. Wensvoort, Institute formedia were decanted, p0 of a 0.1 per cent neutral red
Animal Science and Health, The Netherlands) was at the Stiution was added and plates were further incubated for !
passage in primary alveolar macrophages) from gnoto- h. Stained cells were rinsed, air dried and gbgissolving
biotic pigs. Pig inoculation doses wer€16p, of siv, 107°  solution (50ul sodium dodecyl sulphatsr{s), 100ul 0.2 M
TCID,, of PRCY, and 16°TCID, , Of PRRSV. HCl in H,0) was added. Optical densitie®¢) were read at
498 nm in a Titertek Multiskan. One unitiek activity was
defined as the reciprocal of the dilution producing 50 per
cent inhibition ofcPe To assign the antiviral effect ten-a,

Forty-six 3- to 4-week-old caesarian-derived colostrursamples were incubated with a rabbit antiserum agains
deprived ¢pcb) pigs were used (Table 1). Three groups eécombinant porcinegn-a (gift from C. La Bonnardiere,
12 pigs each were inoculated intratracheally with PrRcv  INRA, Jouy en Josas, France).
or pPrRrRsvand killed between 18 hours (h) and three days postrnF-a was determined in a cytotoxicity assaypi(15)
inoculation (d PI), between 1 and 4 d PI, and between 3 autbclone 15 cells (Bertoni et al 1998k(15) cells were
10 d PI, respectively. These times were selected to represesded at 2.5 20* cells per well in microtitre plates in
the acute stages of the respective virus infections. Ten litte@Oul Eagle’s minimum essential medium with 7 per cent
mates of virus-inoculated pigs were mock-inoculated witlts 100 IU mt? penicillin and 10Qug mi?! streptomycin.
phosphate-buffered salines§) and killed after 24 h. Following overnight incubation (3T, 5 per cent C(), the

All pigs were monitored for respiratory and general signsiedium was removed and 1QDbasal Iscove’s medium
At necropsy, gross lung lesions were recorded. Samptemtaining bactopeptone and actinomycin D (final culture
from the left diaphragmatic lung lobe were collected faoncentrations of 0.25 per cent (w/v) anddgimt? respec-
standard histopathology, virus titrations, fluorescent antively) was added and incubated for 2 hours. Nex{l5df
body stainings (Van Reeth and Pensaert 1994, Duan eseaial two-fold dilutions of samples or 50 medium (cell
1997), and standard bacteriologic examination. The rigtantrols) were added and the plates were incubated for :
lung was used for bronchoalveolar lavage. further 18-20 hours at 396, 5 per cent COTo determine
percentage cytotoxicity, the cells were washed and staine
with 0.5 per cent crystal violet in 22 per cent ethanol-8 per
cent formaldehyde for 4 minutes. Stained cells were rinsed

The right lung was lavaged with 60 ml cold Dulbecco'sir dried and solubilized in 10@ of 33 per cent acetic acid.
pBs without C&* and Md* (Gibco) via an 18-gauge bluntobswere read in a Titertek Multiskan at 550 nm. One unit of
needle inserted through the trachea. Recoveredfluids TNF activity was defined as the reciprocal of the dilution
(45-47 ml) were separated into cells and supernatantsppgducing 50 per cent cytotoxicity. Cytotoxic activity
centrifugation (40@, 10 min, 4C). Cells were counted was confirmed to benF-a by neutralization of samples
using a Turk chamber and cytocentrifuge preparations weigh rabbit anti-humarrne-a (Innogenetics, Zwijndrecht,
stained with DiffQuik (Baxter, Diidingen, Switzerland) td3elgium).
determine percentage of neutrophils. Cell-free BAL fluids IL-1 activity was determined in a proliferation assay using
were concentrated 20 times by dialysis against a 20 per d@hO(N4)M cells (Hopkins and Humphreys 1989). Before
w/v solution of polyethylene glycol (MW 20,000), clearecssay, all samples were treated with a 24 per cent w/v poly
of residual virus by ultracentrifugation at 100,@00 ethylene glycol (MW 8,000) (Sigma, St Louisy) solution
aliquoted and stored at —°f@, until analysis in cytokine in rRPMI to remove non-specific inhibitors (Hopkins and
bioassays. Humphreys 1990). Serial two-fold dilutions of samples were

PBS, phosphate-buffered saline; h, hours; d, days(s); -,no virus isolated

Pigs and experimental design

Bronchoalveolar lavagesfL) andsaL cell analysis
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made inrRPmI 1640 containing 10 per cent FCS, 8.50*M lethargy and shiveringTwo and 3 dpi these symptoms
2-mercaptoethanol and 5@ mt* gentamicin and 150y started to resolve, but coughing was noticagks\-inocu-
volumes were added to microtitre plates. Cell contrdiated pigs developed anorexia and lethargy between 3 and 5
received 150 Lof medium. D10(N4)M cells at a concentrad PI, with pigs of one of the three groups being more
tion of 1 x10* cells per well in 100 urePmi with recom- severely affected. None of tir&rs\+infected pigs showed
binant human IL-2 (Genzyme, Cambridgeia) and respiratory signs.
concanavalinA (Sigma) (final culture concentrations of
10 U mi! and 2 g ml* respectively) were incubated with
the cells during 72 hours (32, 5 per cent C(). Cell prolif-
eration was measured by the thiazolyl biuer) conversion  The lungs of control pigs were negative for viruses:,
procedure: 50 pof a 3 mg mt! solution ofuTT (Sigma) was Prcw andpPrrsvinoculated pigs showed distinct kinetics of
added to the wells and further incubated during 18Virus production (Table 1) and patterns of viral antigen expres-
Thereafter, 200 pof medium was removed and 150dis- sion. The localization of virus-positive cells was in accor-
solving solution (0.5 per cergps 36 MM HCI in iso- dance with that in previously published reports (Haesebrouck
propanol) added to each wellhe resulting formazan and Pensaert 1986, Cox et al 1990, Duan et al 1997).
crystals were dissolved by 15 minutes sonication in an ultrasiv titres were highest 18 h (8.2 to 9.7 Jogcip, g™
sonic water bath andbs were read at 550 nm inTatertek lung) and 1 cvi (7.1 to 8.7 log, Tcip, ), and dropped signif-
Multiskan. One unit of IL-1 was defined as the reciprocal @fantly 2 and 3 a1 (P<0.049). By immunofluorescenae)(
the dilution producing 50 per cent proliferation ofiv antigen was visualised in all sections examingd.
D10(N4)M cells.To assign bioactivity to IL-1, monoclonalapproximate 90 per cent of bronchial/bronchiolar and 30 per
rat anti-mouse IL-1 receptor type 1 antibodies (Genzymegnt of alveolar epithelial cells were positive at 18 hand 1 d
were included in the assay. PI. By 2 and 3 b1, large areas of bronchiolar epithelia were
denuded, but fluorescence in the alveoli still increased.
Prcvtitres were higher at 3 (7.3 to 8.3 |Jggcip,) and 4
(7.5 to0 8.5 log, Tcip, ) d pithan at 1 and 2 i (P<0.001).
Standard two-sampletésts were used to compare virughe extent ofir was limited 1 and 2 ¢, and gradually
titres or total and mononuclesaL cell numbers at various increased at 3 and 4rd At that time, between 20 and 30 per
times during each virus infection, and Kruskal-Wallis rankent of the alveolar tissue and a few epithelial cells of
sum tests were used for comparison of cytokine titresmaller bronchioli were founekcv-positive.
Spearman rank correlation tests were used to comparerrsvtitres tended to increase more slowly and remained
cytokine titres and other parameters. P<0.05 was considextd plateau between 5 (4.2 to 6.7, Jagip, ) and 10 (5.0 to
significant. 5.8 log, Tcip,) d pi. Fluorescence remained focal and did
not encompass more than 15 to 20 per cent of the lung at any
time pPI. PRRSV antigen was found exclusively im-type
cells in the alveolar interstitia.
RESULTS The lungs of all pigs were culture-free of bacteria.

Virus replication

Statistics

Clinical signs

Uninoculated control anercw-inoculated pigs remained Lung pathological changes

healthy. siv-inoculated pigs developed typical respiratory Mean totaBaL cell, mononuclear and neutrophil cell num-
and general signs. By 241, seven out of eight pigs bers in pigs killed at various times durisig, PRcvandprRsv
showed moderate to severe tachypnoea, dyspnoea, anor@xiegtion and in mock-inoculated controls are shown in Fig. 1.
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FIG 1: Numbers of total bronchoalveolar lavage cells (m), mononuclear cells (=), and neutrophils (O0) at various times post infection with SIV, PRCV or PRRSV.
All values are mean values with standard deviation, where applicable.
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Controls ofsiv-, PRCv- and PRRsvinfection groups had  prcvinfection inducedrn-a from 1 throughout 4 @, in
mean totabaL cell counts of 49.5, 46 and 1xQLC° respec- all 12 pigs examined. Pea-a titres were similar to those
tively. In all control pigs> 98 per cent oBAL cells had seen aftesiv infection, but there was considerable individual
macrophage morphology, a2 per cent of cells were variation inIFn-a levels at set timesi. TNF-0 appeared 3
neutrophils. Microscopic or macroscopic lung lesions weasad 4 dpi, in three pigs out of eight. Two of these three pigs
absent. had TNF-a titres near to the detection limit of the bioassay

siv infection produced a 2- to 3-fold increase in tetal (40 and 57 U respectively).-1 was undetectable.
cells within 1 dpi (P < 0.001 at 1 ab), which was largely  prrsvinfection inducedrn-a from three throughout 10 d
due to neutrophil infiltration (18 to 60 per cent and 38 to 6 in all 12 pigs. Peaken-a titres were at least 1000-fold
per cent ofeaL cells at 18 h and 1 di respectively). Two lower than those found durirggv or PRcv infection. TNF-a
and 3 dpi, total cell and neutrophil numbers had mostlwas undetectable. Substantial amounts df were found
returned to normal. Histopathologic examination of lung tifcom three throughout 10 ®i, in nine pigs out of 12L-1
sue sections revealed degeneration of large areas of bronitinés were between 41 and 335 U.
olar epithelia within 1dpi, and a massive neutrophil
infiltration, as previously observed by Haesebrouck and
Pensaert (1986). Two and ®clneutrophils had largely dis-
appeared and deposits of proteinaceous debris with necrotic DISCUSSION

cells filled bronchioli and alveoli. Gross Iung |ESi0nS, Several considerations are important with regard to the
involving 4 to 18 per cent of the total lung, were seen 2 aggperimental design and interpretation of this study. Firstly,
3dpu. we selected different times of euthanasia for each virus
After previnfection, total and mononuclear cell numbergfection, because of the known differences in replication
remained unchanged (P > 0.839 and 0.474 respectively)ifetics. The results of virus titrations of lung tissue later
slight increase in neutrophils occurred 3 andrd @ to 18 jystified this approach. Secondly, we used the highest possi
per cent and 13 to 22 per centat cells respectively). At ple pig inoculation dose of each virus. These infectious
that time, histopathological lung changes involved a mild ¢yses  differed between the three viruses. Thirdly, we
moderate, multifocal airway epithelial necrosis, a_nd infiltrancluded pigs from one single litter in the three virus infec-
tion with macrophages and neutrophils as described by G groups where possible, to minimise the effects of litter
et al (1990). Eosinophilic staining material with necrotigariations.
cells was occasionally observed in alveolar ducts — respiraThe cytokine patterns detected here are compatible with
tory bronchioli. Gross lung lesions increased progressivehbse described in previous reports. We have recently bee
between 2 and 4®l, when they ranged from 5 to 34 per ceriple to demonstrate for the first time thav infection
of the lungs. induces high bronchoalveolar levelsi-a, TNF-o andiL-1
Following Prrsv infection, totalBaL and mononuclear (van Reeth et al 1998). An early rise of these three cytokines
cell numbers were significantly higher 7-16idhan at 3-5 also occurred in the respiratory tract of influenza virus-
d pi (P < 0.040 and 0.034 respectively). Mononuclear cellfected mice or human volunteers (Wyde et al 1982,
could not be differentiated confidently from lymphoblasts/acheron et al 1990, Hayden et al 1998V infection of
but= 85 per cent of cells morphologically resembled monag-week-old conventional pigs, as in this study, induced high
cytes-macrophages. Neutrophils remained at less thangid en-a and minimalrne-a levels (Van Reeth and Pensaert
per cent oAL cells at any timer. On histopathology, the 1995). Experiments iprrsvinfected pigs also revealed
lesions were typical of experimentatrsvinfection (Paton weak IFn-a titres in BaL fluids (Albina et al 1998) and
etal 1992, Collins et al 1992). There was marked thickenip@reased expression ef1fin BAL cells (Zhou et al 1992).
of alveolar septa with mononuclear cells from& dn, but  Most important, our study documents intrinsic differences
there was little evidence of lung epithelial damage respiratory pathogenicity @fv, PRcv andpPrrsv. siv, but
Macroscopic lung changes were characterised by a failure\§d prcv or Prrsy; produced acute respiratory disease, and
collapse, and a mild interlobular oedema. Lung consolidgevere |ung necrosis and inflammation. Moreowy,
tion was rare and involved less than 3 per cent of the lunggmptoms and pathology could be linked with an excessive
and concurrent production afn-a, TNF-a andiL-1 in the
lungs. There was a strong temporal association betwee
peak levels of these cytokines and the onset of typical flu
IFN-0, TNF-a andiL-1 were undetectable #aL fluids of symptoms, lung neutrophil infiltration and pathology.
control pigs. Figure 2 displays cytokine levels in the individndividual cytokine levels as well correlated largely with
ual siv-, PRCV-, or PRRSV\+infected pigs. clinical severities and lung pathology, as shown in our previ-
siv infection was followed by the concurrent productioous study (Van Reeth et al 1998). Finally, potent synergistic
of all three cytokines within 18 h to 1rdin all seven pigs interactions betweemn-a, TNF-a andiL-1 are known, and
examined. In these pigsN-a titres were between 27800the ‘cytokine triad’ will probably exert much greater effects
and 337400 U, andnrF-a and iL-1 titres were between than the individual cytokines. Conversely, the lack of such a
30-225 U and 108-520 U respectively. By 2 andP8 #iN-  ‘cytokine combination’ duringrcv or PRRsvinfection may
a titres had decreased significantly (P < 0.019), mma in part explain the mild respiratory pathology and the
andiL-1 were undetectable. Production of all three cytokinebsence of respiratory disease.
was correlated with neutrophils eaL fluids (P < 0.001 for ~ We found a perfect coincidence of peak replication
each cytokine) and coincided with the onset of typical fend cytokine secretion, and cytokines appeared during th
symptoms and lung pathological changes. very early phase of virus replication. Others have shown

Cytokine profiles



Proinflammatory cytokines and pathogenicity of porcine respiratory virus infections 51

1000000
_ 100000 : i o
E ' L ®
g ° °
Z 10000 ° Y
By [ L
= . ° .
g 1000 L4 °
) ° °
o ®
100 e s o &
s °
10 T T T T T T T T T T T T T
18 hrs 1 2 3 days 1 2 3 4 days 3 5 7 9 10 days
10007
E .
3
E [ ]
[ 1001 eo® L
@ ®
va . .
=) °
®
seo Lad [ 1) [T o00 [ ) o0 eo00 eee o0 [
10 T T T T T T T T T T T T T
18 hrs 1 2 3 days 1 2 3 4 days 3 5 7 9 10 days
10007
°
) ®
g :
= e *
=| 1001 ® o
3 °
=} ®
P °
00 [ 1) (1] [ 1) o000 [T I1] [ ® [ ]
10 T T T T T T T T = T T T T 1
18 hrs 1 2 3 days 1 2 3 4 days 3 5 7 9 10 days
Time after SIV Time after PRCV Time after PRRSV

FIG 2: Bioactive levels of interferon-a (IFN-0), tumour necrosis factor-a (TNF-a) and interleukin-1 (iL-1) in bronchoalveolar lavage (BAL) fluids at various times
post infection with siv, PRcv or PRRsv. Titres are expressed in biological units mi~ BaL fluid. Each dot represents the value for an individual pig. Dotted lines indi-
cate detection limits of the assays (10 U for IFn a; 20 U for TnF-a and 1L-1). Cytokines were undetectable in all control pigs (not shown).

that influenza virus induces cultures of mononuclear cetisnassive mononuclear cell infiltration of the lung have been
to synthesizern-a, TNF-a andiL-1 (Nain et al 1990). In found in our and other studies (Paton et al 1992, Collins et al
addition, the influenza virus haemagglutinin was the fird992, Nielsen and Botner 1997, Shibata et al 1997). Both fea-
viral envelope protein that was shown to activate the traores possibly relate to the productioniofl during PRRsV
scription factor NF-kappa B, which controls gene expresfection. Localised production af-1 has shown to induce
sion of a series of (pro)inflammatory cytokines (Pahl arfdver and anorexia (Hill et al 1997), andl is one of the
Baeuerle 1995). All these data support gnadirectly stim- main stimuli for the production of monocyte- attracting
ulates lung cells to release cytokines, and that cytokines elnemokines (Zoja et al 1991). Two ‘monocyte chemotactic
not merely a side-effect of cellular destruction or immurn@oteins’ fcps), mcP-1 andmcpr-2, have been cloned from
activation. The fact thatv replicates vigorously in the lung porcine ©nNa libraries (Hosang et al 1994 a, b), but their in-
may further contribute to a strong cytokine response, fawvo production or significance has not yet been demon-
cytokine production is virus dose-dependent. strated, nor has their significance. It is our working hypothesis
PRRSV causes minimal airway epithelial damage or gro#isat chemokines produced byrsvinfectedams mediate the
lung pathology, and as such does not behave like a ‘classiffux of new monocytes-macrophages, which in turn serve as
respiratory virus. On the other hand, systemic symptoms dardets for virus infection and sources of chemokines.
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In conclusion, our findings indicate that there is differefiLL, A.G., SItEG?L] J'{(' RfUNDtSv"J- %N'LM?]RE” D-W-d_(lt937L Meltab(f)lg
: : . . . : . responses to interleukin-1: centrally and peripherally mediated. Annals of Surgery
tial cytokine production during different respiratory virus 55 546 551

infections. Furthermore, they strongly suggest that proimerkiNs, S.J. & HUMPHREYS, M. (1989) Simple, sensitive and specific bioassay

i i i i of interleukin-1. Journal of Immunological Methods 120, 271-276.
ﬂ.ammator.y CytOkm.eS can be Important. mediators durin PKINS, S.J. & HUMPHREYS, M. (1990) Bioassay of interleukin-1 in serum and
viral resplratory disease. Further studies are needed Q)Iasma following removal of inhibitory activity with polyethylene glycldurnal

define the roles of specific cytokines in symptom formation of Immunological Methods 133, 127-131.

i [ H H H ifHOSANG, K., KNOKE, I., KLAUDINY, J.. WEMPE, F. WUTTKE, W. & SCHEIT,
and Iung patholog)Antl cytoklne Strategles In pigs are still K.H. (1994a) Porcine luteal cells express monocyte chemoattractant protein-1

dreams of the future, we thus have to search for alternativemce-1): analysis by polymerase chain reaction and cDNA clogiaghemical
and creative experimenta| approaches_ and Biophysical Research Communications 199, 962-968.
HOSANG, K., KNOKE, I., KLAUDINY, J. WEMPE, F.WUTTKE, W. & SCHEIT,
K.H. (1994b) Porcine luteal cells express monocyte chemoattractant protein-2
(MCP-2): analysis by cDNA cloning and Nothern analy@chemical and
Biophysical Research Communications 205, 148-153.
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