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The Role of Interleukin-5 (IL-5 ) in Vivo: Studies with IL-5
Deficient Mice
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Eosinophil recruitment is a characteristic feature of a number of pathological conditions and was
the topic of the recent International Symposium on allergic inflammation, asthma, parasitic and infec-
tious diseases (Rio de Janeiro, June 3-5, 1996). Since interleukin-5 (IL-5) is believed to regulate the
growth, differentiation and activation of eosinophils (Coffman et al. 1989, Sanderson 1992), the role of
eosinophils and IL-5 are closely linked. Although IL-5 specifically regulates eosindphilizo and
this is its most well established activity, it is becoming clear that IL-5 also has other biological effects.
The recent derivation of an IL-5 deficient mouse (Kopf et al. 1996), provides a model for exploring not
only the role of IL-5 and eosinophils but also other novel activities of IL-5. Of note is that although the
IL-5 deficient mice cannot elicit a pronounced eosinophilia in response to inflammatory stimulation
following aeroallergen challenge or parasite infection they still produce basal levels of eosinophils that
appear to be morphologically and functionally normal. However, the basal levels of eosinophils appear
insufficient for normal host defence as IL-5 deficiency has now been shown to compromise defence
against several helminth infections. In addition, IL-5 deficient mice appear to have functional deficien-
cies in B-1 B lymphocytes and in IgA production.
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GENERATION OF IL-5 - MICE cytokine levels were detected. We present here an
Interleukin-5 is a homodimeric protein that isOVErview of recent studies using IL-5 deficient

dependent on two cysteine residues for its activif'ic€ Which help to elucidate the role of this
(Takahashi et al. 1990). The IL-5 gene (Campbetffytokinein vivo.

et al. 1988) was disrupted by the insertion of thREPRODUCTION IN IL-5 DEFICIENT MICE

neomycin resistance gene into the codon in exon 3
of the first cysteine residue and mice deficient i
IL-5 were generated by gene targeting in C57B
6 embryonic stem cells by homologous recombil—a
nation (Kopf et al. 1996). Heterozygous mice Obﬂ
tained from chimeera that transmitted the mutate
gene after breeding with C57BL/6 female micem
were crossed to obtain mice homozygous for thgf
targeted IL-5 gene (Kopf et al. 1996). The mutag
tion was inherited at the expected frequency a
the animals have remained healthy and fertilﬁn
throughout several years of observation under sp
cific pathogen-free conditions. The absence of IL-

MRNA and the lack of secretion of IL-5 activity in ,,,,, heen studied in some detail (SA Robertson
appropriately stimulated T-lymphocyte populat|on§G Young & KI Matthaei, unpublished). Despite a '

~/- . apr . .
e o e S e el redUcton 1 o nimbers oferne cos

ophils in IL-5 deficient females mated with males

of the same genotype (<15% of control mice), the

numbers and viability of embryos, as well as the

weights of foetuses and placentae were indistin-

+Corresponding author. Fax: +61-2-6249.0415, E-maiuishable from those in control mice on day 17 of
Kim227@anu.edu.au pregnancy. These data clearly show that optimal
Received 3 September 1997 pregnancy outcome can be achieved, at least in
Accepted 30 September 1997 syngeneic matings, in the absence of IL-5 and when

A role for IL-5 in the physiology of reproduc-

on has been suggested since eosinophils comprise
major proportion of the abundant leukocyte popu-
tions present in the uterus. Oestrogen-regulated
ctuations in uterine eosinophil recruitment oc-

r during the oestrous cycle and eosinophils fur-
er increase in number during the earliest stages
pregnancy, but diminish once implantation of
e embryo is initiated (Robertson et al. 1994).
eir possible functions in uterine tissue remodel-
g or in the immune response to pregnancy have
ot been defined. The effect of IL-5 deficiency on
e fertility and fecundity of C57BL/6 mice has
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eosinophils are severely diminished in number. Thefections IL-5 contributes to host defence against
effect of IL-5 deficiency on the immune deviationparasites and this may need to be considered in
required to accommodate allogeneic pregnancy @nnection with asthma therapy based on IL-5 as
currently being investigated. a target.
PARASITE INFECTION Since eosinophilia is seen in athymic mice in-

. o o fected withToxocaracanis(Takamoto et al. 1995)
~ Eosinophilia is a distinctive feature of helm-and since eosinophil production in bone marrow
inth infections. Eosinophils have been postulategy|turesin vitro can be stimulated with parasite
to be protective to the host since eosinophils akecretions (Milbourne & Howell 1993) it has been
rive at the site of infection in vast numbers, an@ostulated that parasites themselves could produce
can kill some parasites vitro (Butterworth 1984). 3 molecule that is recognised by the host to be simi-
However, evidence for a protective rolevivohas  |ar to IL-5 (Milbourne & Howell 1993). However,
been difficult to obtain. Studies with neutralisinginfection of IL-5 deficient mice witi. canisdid
antibodies against IL-5 have suggested that eosiot result in the massive eosinophilia that was seen
nophils play little role in host defen@derndon &  in the control mice (Takamoto et al. 1997) indicat-
Kayes 1992). As expected, the IL-5 deficient micéng that host produced IL-5 is responsible for the
did not develop blood or overt tissue eosinophili@osinophilia produced by infection with this para-
when infected with parasites (Kopf et al. 1996site.
Takamoto et al. 1997) but the effect of IL-5 anqASTHNI A
eosinophil deficiency on parasite burden varied - . .
with the parasite used. The worm burden after in- The most striking role of IL-5 and eosinophils
fection withMesocestoidesorti (Kopf et al. 1996) has been shown in a mouse model of asthma (Fos-
or Toxocaracanis(Takamoto et al. 1997) was notter et al. 1996). Eosmophlls.are a predominant
affected by IL-5 deficiency. However, recent stug{€ature of late-phase asthmatic responses and the
ies have shown that the absence of IL-5 and eo&it€Sence of this leukocyte in the airways often cor-
nophils resulted in higher parasite burdens wheig'ates with disease severity and the degree of air-
the IL-57 animals were infected with more natu-Ways reactivity to spasmogenic stimuli.
ral parasites for the mouse suchSamngyloides Sensitisation and aeroallergen-challenge of fL-5
ratti (Ovington et al. in preparation) or Mice failed to induce eosinophilia, lung damage
Heligmosomoidepolygyrus(Ovington et al. un- and airways hyperreactivity indicating a central role

published). Itis possible that neutralising antibogf" 'L-5 in the pathogenesis of allergic airways

ies to IL-5 may not totally ablate the actions of thi?sease. The specificity of this cytokine in the in-
cytokine. IL-5 depletion using monoclonal anti- lammatory responses was demonstrated since the

bodies followed byTrichinella spiralisinfection Pathology could be totally restored by infection of

- /= i i -
did not result in an increased parasite burdey€ aeroallergen-challenged IC-5mice with re
(Herndon & Kayes 1992). However, more recerfOmbinant vaccinia viruses engineered to express
studies using IL-5 deficient mice infected with |- (Foster et al. 1996). These investigations

spiralis demonstrate distinctive effects due to thdTPlicate the eosinophil as the primary pro-inflam-
matory cell involved in the development of aller-

loss of this cytokine (Vallence et al. in prepara- . . I

tion). Although there was only a moderate deladC !ung disease and indicates that IL-5 plays a

in the expulsion of the parasite in a primary infeccEntral role in the pathogenesis of asthma thereby
making it an important therapeutic target for treat-

tion, the IL-5 knockout mice were significantly ment of this disease (see also Foster et al. this is-
affected during challenge infections, typically hav- :

ing worm burdens twice that of their WiId-typesue)'

controls (Vallence et al. in preparation). MoreoveIGRAFT REJECTION

intestinal hypercontractility, an adaptive response Eosinophils are a common infiltrating cell in
by the host to enteric infection, was found to b@sjecting pig pancreatic proislet tissue xenografts
moderately impaired in mice lacking IL-5, suggestyansplanted under the kidney capsule of mice, sug-
ing a role for the eosinophil in the regulation ofyesting an involvement of the eosinophil in the
enteric muscle function during inflammation. rejection process (Simeonovic et al. 1990, Morris
Taken together these results indicate that previogs 5. 1995). However, pig proislet xenografts were
studies using neutralising antibodies may not hav@jected at identical rates in IL-5 deficient mice
resulted in the complete ablation of IL-5, and thereayen though the numbers of infiltrating eosinophils
fore the role of IL-5 during parasite infections mayyere dramatically reduced in these grafts when
need to be re-examined using IL—5 deficient miceompared to those transplanted to normal mice
Secondly they demonstrate that in some parasiti§imeonovic et al. 1997). The eosinophil appears
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therefore not to play an obligatory role in the re1997), xenograft rejection (Simeonovic et al.
jection process. 1997), and to sites of ulcerative colitis (Stevceva
et al. in preparation) or to the uterus after oestra-
ULCERATIVE COLITI S ; - .
) i ) ) o diol administration (Kopf et al. 1996). Morpho-
_ Eosinophil recruitment into the lesions involvedogically the eosinophils in IL-5 deficient mice are
in inflammatory bowel disease is a characteristiormal; eosinophilic granules with normal crys-
of this disease (Walsh & Gaginella 1991). How+alline inclusions are seen under the electron mi-
ever, in a dextran-sulphate induced model of colicroscope in eosinophils that have migrated to the
tis, a reduced eosinophil infiltration into the colorsjte of M. corti infection (see Fig.). Furthermore,
was seen in IL-5 deficient mice but the disease preter infection of IL- 5 deficient mice with. canis
gressed normally (Stevceva et al. in preparatione eosinophils appeared to degranulate in the pres-
These findings suggest that, in this model, eosin@nce of the worms since structures resembling
phils do not play a critical role in the disease procharcot-Leyden crystals were seen (Takamoto et
cess of experimental ulcerative colitis. al. 1997). These results taken together with the
EOSINOPHILIA IN THE ABSENCE OF IL-5 fac’( that a b!OOd eosino_philia can be e|ICIted in |L-5
. . . eficient mice by the intravenous administration
Of particular interest was the finding that basal¢ o otaxin (Mould et al. 1997), or in the peritoneal

levels of eosinophils were present in the IL-5 deﬁbavity with agents such as LPS, PAF and VGSE
cient mice (Kopf et al. 1996). It is now clear thaésé .

- . . Matthaei et al. in preparation) indicates that the
the residual eosinophils, although greatly reducetqiqa| population of eosinophils are functional

ir) nu_mber_s, are able to migrate to the sites of pargy tne absence of IL-5. Importantly, IL-5 and
site infection (Kopf et al. 1996, Takamoto et algqgaxin use different pools of eosinophils to in-

Ultrastructure of eosinophils in the liver of IL-5 deficient mice after parasite infection. Eight week old IL-5 deficientargce
infected by an intraperitoneal injection of tweMgsocestoides coitiarvae. Thirty five days later the animals were sacrificed by
cervical dislocation and small pieces of the liver near the worms were removed for immersion fixation. Ultrathin sections were
examined by transmission electron microscopy. Eosinophils with normal eosinophilic granules containing crystalline inclusions
are seen. Bar =1 pm.
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duce eosinophilia. The intravenous administrationther studies have also supported a role for IL-5 in
of IL-5 to IL-57" or normal animals mobilises eosi-these processes (Kinashi et al. 1986, Murray et al.
nophils from the bone marrow, whilst the injec-1987, Beagley et al. 1988).

tion of eotaxin does not (Mould et al. 1997). This, ; 5,y pHocyTE DEVELOPMENT IS IL-5 DEPEN-
suggests that in normal and IL-5 deficient animalg gyt

there are two pools of eosinophils that can be )

mobilised, one present in the bone marrow that is B-1 B lymphocytes are considered to be the
dependent on IL-5 and another that can b@ajor source of IgM serum I_evels apd are the first
mobilised by eotaxin; possibly by sequesteringne of defence in natural immunity (Kocks &
eosinophils which are migrating through non-inlRajewsky 1989, Kearney et al. 1992, Hardy &
flamed tissues, into the circulation. These obseHayakawa 1994). B-1 B cells possess IL-5 recep-
vations again support the observation that morph&R's (Wetzel 1989) however early studies on B-1
logically normal and apparently functional eosi.B lymphocytes in IL-8" mice indicated that there
nophils can be produced in the complete absen®¥@s only a transient reduction of B-1 B cells at
of IL-5. Whether the residual eosinophils are th&v0 weeks of age returning to normal levels in the

same as those produced in IL-5 dependent eosirfflult deficient mice (Kopf et al. 1996). In contrast
philia is currently being investigated. more recent studies (Bao et al. in preparation), show

a 50% reduction of B-1 B cells (IgACD5Ilo and

IGA PRODUCTION IgM*/CD5lo) in the intestinal lamina propria and

In vitro studies with purified IL-5 anth vivo ~ peritoneal cavity of IL-8 adult mice, compared
studies with recombinant IL-5 have revealed thawith controls. Functionally, the reduction in B-1
this cytokine functions to enhance secretion ofells correlated with an approximate 50% reduc-
LPS-induced-IgA by acting as a terminal differention of anti-phosphatidyl choline (B-1 antigen)
tiation factor for secretory (s)Ig”8 cells (Takatsu antibody levels in faecal pellets and the intestinal
et al. 1985, Coffman et al. 1987). Promotion o¥vashings from both naive aSdtyphimuriurrchal-
IgA production is thought to be regulated by IL-5enged IL-5"- mice (Bao et al. in preparation).
alone (Coffman et al. 1987) or synergistically withHowever, no significant differences of anti-OVA
TGF (Sonoda et al. 1992), IL-6 (Kunimoto et al.(B-2 antigen) antibody levels in both faecal pellets
1989) and IL-4 (Murray et al. 1987). Reports tha@nd intestinal washings were found in both groups
IL-5 can stimulate the secretion of IgM and IgGof mice. These findings suggest that the develop-
by Staphylococcal A-activated B cells (Bertoliniment of B-1 B cells, but not B-2 B cells, are IL-5
et al. 1993), further suggests that IL-5 can enhanéependent (Bao et al. in preparation) This is con-
the secretion of immunoglobulin classes other thatary to earlier findings in the IL5 mice (Kopf et
IgA. Recent work has investigated the effects dil. 1996) but is consistent with results obtained with
IL-5 in a murine model when it is expressed by &ansgenic mice overproducing IL-5 (Tominaga et
live attenuatedroA strain ofSalmonellserotype al. 1991) and in mice lacking the IL-5 receptor
Dublin (SL5631) (Whittle et al. in press). Follow-(Yoshida et al. 1996).
ing oral or iptranasal immunisation of mice withconcLusion
the recombinant IL-S5almonella enhanced IgA . , ) )
and IgG responses against the bacteria were found, |L-5 deficient mice provide a convenient and
Expression of the recombinant miL-5 also appeardgformative model for studying the role of IL-5 and
to confer some advantage to the bacteria with r€9sinophilsn vivo. Although basal levels of eosi-
spect to multiplication or survival in mice (Whittle NOPhils are present in these animals, the absence
etal. in press). In IL-5 deficient mice, IgA titresOf €osinophilia in the IL-5" mice provides the
against LPS in intestinal secretions from vector@PPortunity to test whether eosinophils have an
only immunised mice were at least twofold lowedMportant role in processes such as host defence
than in normal mice. This difference was abol@9dainst parasites, in diseases such as asthma and
ished by the immunisation with the IL-5 secretingn & number of other biological situations where a
recombinant bacteria (Whittle et al. in press) sugOcal accumulation of eosinophils is observed. In
porting the suggestion that IL-5 plays an enhandarasite |ncht|on§ there is evidence for a rc_)le of
ing role in IgA productiorin vivo. These data are |L-5and eosinophils in host defence agafstiti
in contrast to those obtained after intranasal infeé- Polygyrusas well agl. spiralis but not against
tion of the respiratory tract with influenza virusM- cortiorT. canis IL-5 and eosinophils also play
where no differences in IgA producing B cells weré Mmajor role in aeroallergen-induced lung damage
found between IL-5 deficient and normal miceand the development of airways hyper-
(Kopf et al. 1996). The reason for these differ/€Sponsivenes in a mouse mode! of asthma. Fur-
ences is not yet clear but it is worth noting thafher support has also been obtained for a role of
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IL-5 in the regulation of peritoneal B-1 cells and tion of the early B cell repertoirént Rev Immunol

in the production of IgA responses. However, stud- 8: 247-257.

ies thus far suggest that IL-5 and eosinophils pld§inashi T, Harada N, Severinson E, Tanabe T, Sideras
no obligatory role in xenograft rejection, in dis- P> Konishi M, Azuma C, Tominaga A, Bergstedt LS,

ease progression in an ulcerative colitis model or gﬁlc(:ﬁg?nsghiT'\fIcleslaI8r6ép?;?:?riggfg];fgrmar:1lgn?(je:rtl?ig Ev,i\tlﬁ
in uterine function and fertility. Continued detailed g ' growth factor Il Nature 324 70-73.

studies on the IL-5 deficient mouse should enhangg, s ¢, Rajewsky K 1989. Stable expression and so-
our understanding of IL-5 and eosinophil function  matic hypermutation of antibody V regions in B-
In VIvo. cell developmental pathwaysnnu Rev Immunat
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