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Cytokines in the Modulation of Eosinophilia
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In this review we discuss our recently results showing interleukin 5 (IL-5) involvement in eosinophil
migration and in the maintenance of eosinophilia in blood, bone marrow, lung and peritoneal cavity, in
a visceral larva migrans syndrome model using guinea-pigs infectedaititara canisWe also de-
scribe the sequential release of TNF-a and IL-8 during the course of infection, and the interaction
between these cytokines and IL-5 during infection. Finally we propose a new biological role for IL-5, at
least in our model, as a modulator of IL-8 release and secretion.
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Toxocara caniss an intestinal parasite of dogs,animals reached 55% at the peak of infection
and is the most common aetiologic agent of visFaccioli et al. 1996).
ceral larva migrans syndrome (VLMS) (Beaver et  The development of eosinophilia in guinea-pigs
al. 1952). Tissue-migrating larvae of this parasitenfected withT. canisis accompanied by the re-
induce intense eosinophilia which reaches morease of two peaks of serum IL-5. The highest oc-
than 90% of total leukocyte counts (Beaver et aturs soon after the stimulus, i.e., 1 day after infec-
1952). Although several investigators have sugion, and the second occurs 18 days later (Fig. 1).
gested a direct correlation between eosinophilia argince IL-5 release correlated with the percentage
interleukin-5 (IL-5) in human helminthic infection of larvae recovered from the liver of guinea-pigs
(Limaye et al. 1990, Steel & Nutman 1993) and irffFaccioli et al. 1996), led us to suggest that the
experimental animal models (Yamaguchi et aleosinophilia against helminth larvae is initiated by
1990, Parson et al. 1993), the mechanisms involveide release of IL-5 when the parasites migrate from
in blood and tissue eosinophilia in this model ofhe intestine to the liver by stimulation of a spe-
helminthic infection remain unclear. The releaseific cell population. The cytokine pattern that de-
of other eosinophil-related cytokines such as IL-8elops at this early stage probably is a T-cell inde-
and TNF£] and their interaction with IL-5 are cur- pendent pathway which may also influence the sub-
rently being studied. sequent T-cell differentiation into Th2 type, which
WIDESPREAD EOSINOPHILIA AND EOSINOPHIL MY be responsible for the second peak.
MIGRATION IN VLMS IS IL-5 DEPENDENT In our study,.l.p. adm|n|strat|o_n of TRFK-5, a
) o ] ) monoclonal antibody (mAb) against IL-5, at the
Guinea-pigs infected orally with caniseggs time of egg administration or one or three days later,
showed widespread eosinophilia with a time-degrastically reduced the number of eosinophils in
pendent increase of eosinophils in all compartmengiood, BALF, peritoneal cavity and bone marrow
studied (Table I). In blood and bronchoalveolapy 18 days after infection (Table I). TRFK-5 ad-
lavage fluid (BALF) the number of eosinophils wasministered 17 days after infection, and the animals
significantly increased at 6 days post-infectionjjied 24 hr later, significantly inhibited the num-
reaching more than 90% of the total cell counts iggy of circulating eosinophils but was accompa-
BALF but decreased by day 24. In contrast to blooglieq by an increase of mature eosinophils in bone
and BALF, the number of eosinophils in the perimarrow. The inhibition of circulating eosinophil
toneal cavity increased significantly only at day,ympers by different treatments with mAb, even
12 post-infection and increased progressively URghen the antibody was given at the peak of blood
til day 24. The percentage of eosinophils in SOMEosinophilia, suggests that IL-5, apart from being
required for terminal differentiation of eosinophils
in bone marrow (Rennick et al. 1990), may also
*Corresponding author. Fax: + 55-16-635.6631. E-maiflfive eosinophils from the bone marrow to blood
faccioli@fmrp.usp.br and then to tissues (probably by up-regulating
Received 3 September 1997 VLA-4 expression in eosinophils). Thus, even
Accepted 30 September 1997 though the increase of serum IL-5 level shows only
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TABLE |

Eosinophils in guinea-pig with visceral larva migrans sindrome
Compartment Days postinfection

3 6 12 18 24 Control
Blood 1.35+0.46  6.00+1.03 11.20+2.383 12.06+2.3%  8.11:2.8% 1.21:0.21
BALF 0.26+£0.09 1.37+0.35 9.62+2.99 10.23+2.62 9.07+3.47 0.69+0.21
Peritoneal cavity ~ 3.37:0.68 3.68+082 5.77+1.1%  11.33+2.38 12.44+2.72 2.10+0.60
Bone marrow 612 9+2 142 17+22 16+4 7.5%1

In Blood, BALF and Peritoneal cavity the values represent mean + SEMmId0and in bone marrow mean
SEM of the percentage of mature eosinophitsxocara canisnfected guinea-pigs n = 8-9 and noninfected animals
n=5-6.a:p<0.05b: p<0.01.

TABLE Il
Eosinophils inToxocara canignfected guinea-pig treated or untreated with TRFK-5
Irrelevant
Time of Days of treatment with TRFK-5 Ab at the time
Compartment sacrifice after egg administration of infection
days Non 0 1 3 17
treated (n=6) (n=4) (n=4) (n=5) (n=5)
Blood 18 12.18+5.28 0.14+0.24 0.26+0.26 0.17+0.17* 2.59+0.8¢ 13.32+4.54
BALF 18 16.50+4.42 0.36+0.70 0.79+0.24 1.22+0.5@ 15.24+4.36 29.31+15.90
Peritoneal cavity 18 12.31+2.35 1.47+(P760.48+0.3% 0.46+0.27 10.42+2.21 16.09+4.00
Bone marrow 18 9+1 31  1.25+0.28 2.6+1.3 15+2 9+1

In Blood, BALF and Peritoneal cavity the values represent mean + SEMmiId0and in bone marrow mean
SEM of the percentage of mature eosinophits.p < 0.05.

150 ~ two peaks followed by levels close to the control
during the rest of infection, the maintenance of the
basal level of serum IL-5 appears to be essential
for eosinophilia and to drive eosinophils during the
infection.

SERUM TNFa AND IL-8 LEVELS IN VLMS
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Since little is known about the presence of other
cytokines related to eosinophil recruitment in the
model ofT. canisinfection, we determined the re-
lease of two relevant cytokines related to eosino-
phils migration, TNFa (Weg et al. 1995, Lukacs
et al. 1995a) and IL-8 (Collins et al. 1993, Sehmi
et al. 1993). TNFx levels increased very early in
the serum of infected guinea-pigs, reaching levels
0- T T . T 87% above those of noninfected animals 4 hr after
01 3 6 12 18 24 egg inoculation and remaining above control lev-
Days postinfection els up to 48 days post-infection (Fig. 2&).canis
larvae persist in different organs for long periods
Fig. LiIL-5 COEcgfg)faéggaﬂLsgggj]ggggggg g?:fgmggted of time in infected animals (Kayes & Oaks 1976)
gﬂ:&eﬁsp\ll\?esrrvg 31+ .4 pg/ml (doted line). IL-5 levels in the se-and ,release excretory-secretory antigens during mi-
rum of guinea-pigs were measured by an enzyme-like@ration (Parsons et al. 1986). The prolonged and
immunosorbent assay (Faccioli et al. 1996). sustained TNHRZ activity in blood may be ex-
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plained either by the persistent presence of larvdke-8 to the eosinophil recruitment and lung inflam-
in the tissues and/or by the release of those excraation (Faccioli et al. 1996) occurring in this
tory-secretory antigens. TNir-is involved in eosi- model. The observation that serum IL-8 level
nophil recruitment (Weg et al. 1995, Lukacs et alstarted to increase only after serum TNF release
1995a) and has also been reported to occur in dsiggests that TNF may be involved in the induc-
eases presenting elevated number of eosinophitgyn of IL-8 release in this model. Indeed, several
such as late (Gosset et al. 1991) and early (1 tor8ports have shown that TNF is a potent inductor
hr) asthmatic reactions during airway inflamma-of IL-8 (Kunkel et al. 1990, Kwon et al. 1994). IL-
tion (Lukacs et al. 1995a). Finally, bronchoalveolaB is present after TNF therapy in patients with
leukocytes from patients with bronchial asthma seshronic hepatitis (Sheron & William 1992) and is
crete high levels of TNF (Cembrzyanska-Novakeleasedn vitro from pulmonary smooth muscle
et al. 1993). and endothelial cells stimulated with TNF (Lukacs
The IL-8 serum levels showed a similar profileet al. 1995b).
to that of blood eosinophilia, increasing signifi-
cantly only between 6 and 12 days post—infectiol‘rile"”'\l%DﬁELLAJﬁ\lsT |I4L|§ Iﬁl\;’;g?és’\'lSAﬁg?NRs%Eé:E
and peaking between days 18 and 24 (Fig. Zbﬁgﬁms OF LPS-STIMULATED GUINEA-PIG AD-
These increases occurred at the same time as
increase in circulating eosinophil numbers, and the
decrease of IL-8 in serum was followed by a re- During the course of infection we observed a
duction in blood eosinophil counts. This suggestsequential release of TN#-and IL-8 in connec-
that IL-8 contributed to eosinophil recruitment. IL-tion with IL-5 release (Faccioli et al., 1996). We
8 has been described as an eosinophil chemoatso examined the relationship between IL-5 lev-
tractantin vivo andin vitro (Collins et al. 1993, els and IL-8 and TNF releasen vivo by induc-
Sehmi et al. 1993, Erger & Casale 1995). Howing IL-5 depletion with anti-IL-5 mAb. Intraperi-
ever, it appears thit-8 is only able to induce eosi- toneal injection of anti-IL-5 mAb (2 mg/animals)
nophil migration after being primed by IL-5 (Moserinto T. canisinfected guinea-pigs only at the time
etal. 1992, Warringa et al. 1992, Sehmi et al. 1993)f egg administration of several doses (0.3 mg/ani-
Based on these data and on the data presented herel on days 0, 1, 3 and 17 post-infection) inhib-
we suggest that IL-8 requires pre-priming with IL-ited blood eosinophil counts by 95% to 100 %, as
5 to induce eosinophil recruitmeim, vivo. Thus, shown in Fig. 3aWhen the animals were treated
despite the release of high amounts of IL-8 in thiwith a single dose of anti-IL-5 mAb, a 159% in-
model, the presence of IL-5 was essential for eogirease in IL-8 was observed in serum (Fig. 3c).
nophil migration, as demonstrated in antigen-chaMoreover, when infected animals were treated with
lenged guinea-pigs (Coeffier et al. 1994) and several doses, eosinophilia was also suppressed and
vitro (Moser et al. 1992, Warringa et al. 1992serum IL-8 levels were increased by 216% (Fig.
Sehmi et al. 1993). However, the exact mechanisnds). By contrast, no alteration in serum TNF con-
involved in this process are not yet completelgentration was observed regardless of the treatment
understood, and further studies using anti-IL-8 AlgFig. 30. Infected animals treated with irrelevant
will be essential to determine the contribution oMAb showed no significant differences in serum

ENT PERITONEAL CELLS

200+ 180
= (a) = )
% *% 3
E 1601 B 1441 %
o) * ¥ -]
Z [
F j20%* *x % 2 108/
“6 *% ‘.‘6 ¥
g 809 g 72
® ®
5 5
g 409 g 36
Q * Q
[=4 [=4
S M—m/‘_‘N\‘ S -
&) o4 * n ; . > &) 04 ke . — . L
0 12 24 36 48 0 12 24 36 48
Time (days) Time (days)

Fig. 2: serum TNF4 (a), and IL-8 (b) levels ifioxocara canignfected () guinea-pigs sacrificed at different times post-infection
(n = 4-5 per day). Asterisks indicate a significant difference between infected and non-infected animas 0.05 and ** p<
0.01. Serum cytokines were measured using human ELISA kits.
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Fig. 3: blood eosinophil counts (a), serum TNF (b), and IL-8 (c) levels in untfEmtedara canisnfected guinea-pigs (column

2), and in infected animals treated with irrelevant Ab (column 3), or treated with anti-IL-5 Ab once at the time of icf@ction (

4) or with several doses (0.3 mg/animal on days 0, 1, 3 and 17 post-infection) (column 5). Animals were sacrificed 18 days
postinfection. Diamonds indicate a significant difference between untreated infected anima§)(and non-infected controls
(column 1,n=6).u p< 0.05. Asterisks indicate a significant difference between untreated infected anim&i§) and infected

animals treated with anti-IL-5 AmE7). ** p< 0.01 and *** p< 0.001 (Faccioli et al. unpublished data).

IL-8 and TNF levels (Faccioli et al. unpublished Treatments IL-8 Concentration (pg/ml)

data).

To corroborate the results obtairiadiivo,we  anti-iL-s5 -5  ps © 175 350 525 700
carried out experiments vitro to examine the ef- E : : '
fect of recombinant IL-5 (rIL-5) on IL-8 release in - - + 1
supernatants of LPS-stimulated adherent peritoneal .
cells and on IL-8 and IL-5 mRNA expression. IL- - o5 + 2 i <1 e
8 was determined in supernatants of LPS-stimu- %7 05+ 3 \%}_ﬁ:‘ *
lated guinea-pig adherent peritoneal cells pre-in- 170 05 ¥ ¢
cubated or not with rIL-5 (Fig. 4). LPS-induced . N
IL-8 release was inhibited (64% to 66%), by rIL-5 ~ ~ %% 7k
addition. Moreover, when rIL-5 was added to the :’71; :‘;Z . B .
cells before LPS, a marked inhibition of IL-8 re- ' ’
lease and IL-8 mRNA expression occurred, which .- _ o [T E—
was prevented by anti-IL-5 mADb treatment, indi- ,;,  _ + o I
cating specificity (Faccioli et al. unpublished data)

These data suggest a regulatory role of IL-5 w00 - 10|
acting on IL-8 synthesis and perhaps on secretion, 174 - - npH

in vivo. Thus, the inhibitory effects of IL-5 on IL-
8 expression and synthesis may represent an diig. 4:inhibition of IL-8 generation into supernatants of LPS-

dogenous down-regulating mechanism for eosingtimulated (500 ng/ml) guinea-pig adherent peritoneal cells pre-

q s ; : : I _ treated with 0.5 ng/ml or 10 ng/ml of rIL-5. Data are presented
ph!l inflammation. It is pOSSIble that IL-5is re as means + SEME 4). Asterisks indicate differences between
quired to prevent IL-8 over production and releasene amount of IL-8 released by LPS-stimulated adherent peri-

Moreover, as discussed above, we suggest that seweal cells pre-incubated without or with rIL-5. * p< 0.05 and

rum IL-8, in the presence of IL-5, acts as an eosi* p<0.01. Diamonds indicate differences between the amount

nophil chemoattractant. However, since IL-5 is de?f IL-8 released by LPS-stimulated adherent peritoneal cells
. . . . re-treated with rIL-5 in the absence or presence of anti-IL-5

creased during the course of infection an _mcreaﬁ@, (0.17 ng/ml or 17 ng/ml)u p< 0.05 anduu p< 0.01

in serum IL-8 occurs which, above a certain leve{faccioli et al. unpublished data).

may act as a modulator of eosinophil release from

bone marrow and tissue eosinophil migration.

Thus, it is possible that the increase in serum IL-Bibit migration to the skin when administered at

levels inT. canisinfected guinea-pigs after anti- high concentrations by the i.v. route (Hechtman et

IL-5 mAb treatment may contribute to the inhibi-al. 1991).

tion of eosinophilia. IL-8, which is a potent chemo- ~ The present results describe a new function of

tactic factor for neutrophils has been shown to inL-5 as a modulator of IL-8 synthesis and secre-
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tion and may help in understanding and ultimate 573-580.

control of diseases associated with eosinophilia arfdmata H, Yoshida A, Ishioka C, Lindley |, Mikawa H

high IgE levels (Nutman et al. 1989). IL-8 has been 1992. Interlukin 8 (IL-8) selectively inhibits immu-

shown to selectively inhibit IgE production Eoge'ﬂglﬁl'Efpp&%%ufgggz'ggufgglby'L'4 in human

\(/'éll\r?ea(;e}ne;hzl.cgr?tgrgl, c:;‘gs?;)urarl]nldgléhluesve:ps??vge mRimqta H, Lindley I, Furusho K 1995. Selecti\_/e inhibi-

Production of high amounts of IL-5 in such dis- tion of spontaneous IgE and Ig(produc'tlon by

interleukin-8 in atopic patient8lood 85:3191-

eases may down regulate IL-8 levels and conse- 319g.

quently contribute to the maintenance of high Iglkunkel SL, Strieter RM, Chensue SW, Basha M,

levels during infection. Standiford T, Ham J, Remick DJ 1990. Tumor ne-
In summary, our results demonstrate that.in crosis factor-alpha, interleukin-8 and chemotactic

canisinduced eosinophilia there is a sequential cytokines.Prog Clin Biol Res 349433-444.

release of TNF and IL-8 which occurr in paral- Kwon OJ, Au BT, Collins PD, Adcock IM, Mak JC,

lel to or after serum IL-5 release. Thus, in this Robbins RR, Fan Chung K, Barnes PJ 1994. Tumor

model, IL-5 appears to be the main factor involved necrosis factor-induced interleukin-8 expression in

. . ! : - . .~ cultured human airway epithelial ceflm J Physiol
in both induction of eosinophilia and eosinophil 267 L398-L405.

migration. Also, IL-5 may modulate eosinophilic| jmaye AP, Abrams JS, Silver JE, Ottesen EA, Nutman
inflammation by down-regulating IL-8 synthesis 1B 1990. Regulation of parasite-induced eosino-
and secretion. philia: Selectively increased interleukin 5 produc-
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