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Structure and function of Interleukin 5
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Abstract : Interleukin 5 (IL-5) is unusual among the T-cell-produced cytokines in being a
disulfide-linked homodimeric glycoprotein. In contrast to other cytokines, which have pleiotropic
action on a variety of cell types, the biological activity of human IL-5 has assumed to be re-
stricted to the eosinophil cell lineage. IL-5 acts on eosinophil lineages to induce their selective
proliferation and differentiation in humans as well as in mice. Blood and local tissue
eosinophilia are recognized features of bronchial asthma, atopic allergy, helminthic infestations,
and various malignant disorders. The association of these eosinophilia with the IL-5 production
in a wide spectrum of human eosinophilic diseases suggest a unique role for IL-5 in the progres-
sion of eosinophilia. Furthermore, it is now recognized that IL-5 is the major, and possibly the
only cytokine involved in the production of specific eosinophilia. In this review, I will discuss the

structure and function of this unique cytokine in detail.
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FRETFEAMMLEE—F MTX) 2L BHAGDETIT) . —MIZ, MTX SEBEHRIERICL YDNA &
BAEMEET 570, OIROEHRS, AT, KA CTEMEH) y<F 28BS T ERTHL, &
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Table 1 Cytokine tertiary structure predictions’”

Number of
residues Most
Query Tertiary used in similar Normalized
sequence structure alignment structure Z score
IL-1B B-Barrel 153 M-CSF 0.04
IL-2 40-2B 133 IL-4 3.25
IL-3 Unknown 133 GH 2.66
IL-4 40-2P 129 IL-5 4.95
IL-5 40-2B 115 IL-4 4.38
IL-6 Unknown 183 M-CSF 3.58
-7 Unknown 129 IL-2 4.72
-8 lo-4p 72 IL-4 1.33
IL-10 Unknown 161 IL-2 3.7
IL-11 Unknown 182 IL-5 4.34
GM-CSF 4a-2 127 M-CSF 3.27
G-CSF Unknown 174 GM-CSF 2.29
M-CSF 40-2B 150 GM-CSF 3.18
GH 40, 191 IL-2 1.79
LIF Unknown 179 2.32
SCF Unknown 164 M-CSF 6.35
EPO Unknown 166 GM-CSF 3.55
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Fig. 1 Highly branched asgaragine-linked sugar chains in hen ovomucoid and N-
acetylglucosaminyltrasferases®.
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3, BEEKRS T VBEECEEIE13.3% LFEEICAL VY, $RTa 2,3 HAETH-72, THiZ, CHOMIBL TR
BL7KEY 3 BB TH Y, CHOMHALA B-galactoside « 2,6-sialyltransferase® R\ TW5 78
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LF BB T AT F OB AR I HREREESEMTH ), —DOBEHOFTTFEOLNE W, L Li
5, IgA, DLy IPEICBITD22HDT I VBO ) bEEHT AT VRS A THIES LTV AL



38 I BB KFEKE

vol. 44

Table 2 Proposed structure of the asparagine-linked sugar chains of rhIL-5

Structures

Molar ratio(%)

Galf1—»4GlcNAcB1—»2Manat™ g
Galp1—4GIcNAcB1—2Manat 23

Manaisg
3Manai~
(Mana1-2),_; § Manai” EManpB154GIcNACB1 —4GIcNAC
Mana1—>2Mana1}3 ot
Fucal
GalB1—4GIcNACBTN ¢ L
2Manoz1\‘6 6
Galp1—-4GIcNAcp1 2 ManB1—4GIlcNAcB1—4GIcN
Galp1—4GIcNACBIN AP ACIENACH 4 GIeNACy
2Mana1}
Galp1—4GIcNACB1”
Fuca1l
GalB1—4GIcNAGB ¢ !
Mana1\,6 6

GalB1—4GIcNACB1 2

GalB1—4GIcNACB1 —2Manat A2

Fucat
{
Galf1-4GIlcNAcB1—»2Manat |, 6 6
Galp1—-4GIcNACBIN 4 3ManB1—-4GIcNACB1—4GIcNAC
Manatl 2 ot
Galp 1—4GIcNACB 17
Fucai
{
GalB1-4GIcNACBT1-2Manal «, g 6

Galp1-»4GIcNAcB1—2Manal 7

Acidic forms of oligosaccharides in the following fractions
Fucat
GalB1-4GIcNACB T g 4
anal N 6 6

(Siaa2-3), , ) GalB1—4GIcNACB1”
Galp1—-4GIcNAcB1—»2Manal 7~

Fucat
Galp1—+4GIcNACB1>2Manat s é
(Siac2—3), , { CalB1—4GICNACT, o A 3MANBI4GIENACBT >4GIcNAC
Galp1-4GIcNAcp1 ~
Fucat
l
Galp1—-4GIcNAcp1 s2Manal 6

6

(Siaa2—3), ,
Galp1—4GIcNAcB1—2Manat »3

Manp1—>4GIcNACB1 -4GIcNAC__

Manf1—»4GIcNAcB1 —>4GIcNAcOT

ManB1-4GIcNACcf1 —>4GIcNAcOT

ManB1—-4GIcNACB1 —>4GIcNAcOT

ManB1—>4GIcNAcB1—>4GlcNAcOT

2.6

1.0

1.0

6.6

3.9

70.7

2.1

1.2

10.0




4% —uq x5 0E LRk 39

LNTW5,

AiEO@ED, k& FIL-512id, Thr-3 (Z4F Y RIEEIKEEL Tb, £2C, CHOMBE TES L - &ETHRIEE
b MIL-50 & F > BUEEHE & e T 572012, ¢ FIL-5% APIE L%, @MHPLCIZE V54T L 72, 2 D8R,
Thr-3 &L R7F FiE, 2008~ 2 L LTER L, 7, &F VAR OGHICI, REHFEMOEVStrep-
tococcus pneumoniae HENLY Foa-N-TEFLH T M IoyF—ERL{HVONSL, #2T, ABE%
BLOELTHERELHCT, I0200XRTFFIIEGLAF VRBHAFMICOT L7z, £0OE, Table
QIR &) BB ETH LT LA HBL 2%, ML, Thr-3 284200 TFFO7 IV BHORIZE-
TRELEZH, #6:4THo7,

Table 3 Proposed structures of the O-linked sugar chains of rhIL-5

Structures Molar ratio(%)
NeuNAca2 g .
3GalNAcoﬂ —Thr 60.3
NeuNAco2—-3GalB1”
NeuNAca2—3Galf1—3GalNAca1—-Thr 39.7

IL-5DHEEE

1) EMiEk

B3t 2R

< RIL-5i, <7 A @MBRILEMAEK TH 2BCL, MlgomiEkEEy (BCGF I Hi) #iEHb~ Y 2B
MR z1gM, IgG,, IgAEEMB~LFET 2EME TR, £/, ILSERBLM 7 VAV 22y 77T R,
SAE I REERIE B HE 4 R T L HICMEIgMAE L LR L, MiFEgAb ER LAY, LALZHS, b FLSDOL b
BHIBE~DOIERIX, EHAHHLTHHMEOL LD ICERA LV ETIREY O H D, BRI L IAHTHL, &
#FoO b FML-S5OE FBHEENOEHZER L 7225, BT TRIRBREIBOA Lo, WTFhIZE X, € ML5D
b FBHila~OERIE, WO THLZEBTICEVWTOAEDONLbDEBbhb,  ML-5O~< 7 ABMB~ Dk
H% &7:0%Fig. 2ATH 5, b FIL-51d, =7 RIL-501/25000FM 4 RTIce & o729, 7=, Higta —
FINVEEHCTHEHHEEERICIIL TS I T2 EHRERELER, 7 XABL U0k MLSOAE
PEYER, LE Ty —EAREMBLTWA I EAHL 2 E % o7 (Fig. 2B).

SFRRER IS B 1ER

IL-5DIFBEERIx T3 2RI, b FIL-5TH <Y RILS5THABICHEIA TV S, IL-51E, IL-38 X U'GM-CS
F& & (SRR B RERISRMA I @ ¢, FREER% SMLihE 3 51E% (EDF ) 4R ¥, 3B RZThEhEMT
IFEEEK D O = —RREZ > TV 575, IL-3RGM-CSFid, #F8Eka o= —71 Tk {4FhEk, HiEk ~ro77-—
ChEoauZ—HEEE SRS TVD, LA LEYS, ILSTREFEHIu=—0DAZERT LI 25,
BIRORIFBERSMERTFCH 202 5, T/, IL-5IISFURBME O 2 IFREIRE M MR 3@ w2 &
2o, RS HABMAROBRRMEEAETHETLILDOLEZ NS, EE, IL-3RGM-CSFIiC & ) bk
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Fig. 2 (A) Dose response for rmIL-5 (O) and rhIL-5 (@) in IgM-inducing assays. (B) Inhibition

of binding of *I-rmIL-5 to BCL, cells by rmIL-5 (O) or rhIL-5 (@).
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Fig. 3 Effect of CNBr treatment on the IgM-inducing activity of rhIL-5 on BCL, cells. RhIL-5 was
treated with (@) or without (O) CNBr and purified by C-4 reversed phase HPLC.
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AL, 72, AFVEMEHEIRET S Lintactt MIL-SICHRHLIMEDER AR L, $72, TANTFUELR
BEHOBRER, BREUEELIRTERLIEDS, IL5 XBIFAT AT FUEARIENIL, IL-5 ofis
HIZESLTWALIZ b o,

12000
30> "
=
S 10000 |
20.1 > $
g
1 4 4 - — = 8000 -
» 2
kDa % 6000 |-
P>
4000 1 1 1

a B C D 100 107 102 103 104
rhIL-5 Concentration (ng/ml)

Fig. 4 Glycosidase treatment of rhIL-5. Lane A, un- FiIg- 5 Dose-response curves obtained by
treated rhIL-5 ; lane B, de-O-glycosylated rhIL-5 ; M-inducing of various glyco-forms of
lane C, de-N-glycosylated rh%L-S ; lane D, fully rhIL-5. Untreated rhIL-5 (‘) ;
deglycosylated rhIL-5. de-O-glycosylated rhIL-5 (O) ;
de-N-glycosylated rhIL-5 (&) ;
fully deglycosylated rhIL-5 (A).
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Fig. 6 Effect of sIL-5R ¢ _on rmlL-5-induced differentiation of BCL. cells. BCL. cells were cul-
tured in the absence (M) or presence (@) of 100 pg/ml rmIL-5 with various concentrations of

sIL-5R « .
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Fig. 7 Dose-response curve of acetylcholine for bronchoconstriction in saline or OA (antigen)-

treated BALB/c mice. *P<0.05, **P<0.01 vs normal by unpaired student’s t-test.

Ach =a cetylcholine
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Fiﬁ' 8 Effect of anti-IL-5 (NC-17) on OA (antigen)-induced leukocyte accumulation in BALF from
ALB/c mice. *P<0.05, **P<0.01 vs control by Dunnett 1l-side test. Abbreviations : MNu =

mononuclear cells, Eos = eosinophils.
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Fig. 9 Effect of anti-IL-6 (NC-17) on OA (antigen)-induced increase in airway responsiveness to
acetylcholine in BALB/c mice. *P<0.05, **P<0.01, tP<0.001 vs control by  unpaired student’s

t-test. Ach =acetylcholine
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Fig. 10 IL-5 production by PBMC from atopic patients and healthy control donors. PBMC = pe-
ripheral blood mononuclear cells
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LOREL 7-E#ZROEXMM) B2 AT, RT-PCR TIL-5 mRNA DRBOEELRE L, 20OKE, BYE
A4BITIRE{IL-5 mRNAXRETE LA 57201k LT, BETIIEFTIL-5 mRNAZBRH L7, ZOKR
Mo, VYNERSBERBLUOEELZY LY, XDin vivo IOEWVWKRETOANKFEEZ Y Vv BKIZBWT
HIL-D PREBELTWAI LA hhol,

Plt, BIEFABRIL-SOMEL L PICBEIC OV TOERSOMREZRLIBMNT S L3, ¥4 b a2k
LTOIL-5DMETIFICOVTHIH L2, ThODERL S, b ML-5I3FREROFE M &I K E % f# 3 580
TER 2R MER T & LCOABBELZRLTVWAZ EAHL o/, 7, FEI N FHEKIE
EHL SN CPAFRLTC 2 AT 50 ) Th {, FEEERHEF MBI S LRF T HIL-3, IL-5 B & UG
M-CSFZEALTVWHI LbbhoTE, ¥4 bAA U2y T =2 DL THIE SN T A IFBEEROBEEIC S
WTD S L2 HEGSBRBFEINS,
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