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Abstract　 To investigate w hether human recombinant interferon-gamma ( hrIFN-γ) is capable

of inhibi ting the antig en-induced eo sinophi l infilt ration into the ai rw ay s of the patients w ith al-

lergic bronchial asthma, ten atopic asthmatic subjects w ere underwent an ini tial broncho scopy

when the hrIFN-γplus dust mite were instil led into a subsegment of the lingula o r right middle

lobe and di luent plus dust mi te were instilled into a subsegment of the oppo site lung ( middle

lobe, o r lingula ) . The second bronchoscopy was perfo rmed 24 h later , and bronchial mucosa

f rom each trea ted si tes w ere taken separately. Immunohistochemical technique was used to eval-

uate the presence of eo sinophils and some subsets of T lymphocy tes including CD4+ , CD8+ and

CD25+ cells. Immunostaining revealed decreases in the numbers of to tal eosinophi ls ( BMK-13+

cells, P < 0. 01 ) , CD4
+
lymphocytes ( P < 0. 01 ) and CD25

+
cells ( P < 0. 05 ) f rom IFN-γ

t rea ted biopsies compa red w ith control biopsies. How ever, no dif ference was observ ed in the

numbers of CD8
+

cells. Locally administered h rIFN-γ could prevent the antigen-induced

eo sinophil recrui tment into the asthmatic airw ays by inhibiting CD4
+

T cell infil t ra tion as w ell

as T cell activa tion. These results suggest tha t hr IFN-γmay be of v alue in obtaining clinical im-

provement in asthma tics.
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摘要　为探讨人重组γ-干扰素 ( h rIFN-γ)能否抑制抗原引起嗜酸性粒细胞 ( EO S)对过敏性支气管哮喘患者气

道的浸润 , 选择 10例过敏性哮喘患者以纤支镜直接将 hr IFN-γ及过敏原注入左舌肺叶或右中肺叶的段支气管 ,

将生理盐水及过敏原注入对侧肺相应的段支气管作为对照。24 h后复以纤支镜取出支气管粒膜组织 , 然后以免

疫组化技术探测 EOS、 CD4+ 、 CD8+以及 CD25+ 淋巴细胞的数量。结果发现 IFN-γ组支气管粒膜组织中 EO S总

数 , CD4+ 及 CD25+细胞数明显低于对照组 , 而 CD8+ 数则无明显变化。说明 h r IFN-γ局部用药可以通过抑制

CD4+ 细胞的浸润及 T细胞的活化而抑制抗原引起哮喘气道 EOS的浸润。

关键词　干扰素 -γ　嗜酸性粒细胞　哮喘
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　　 Interferon-gamma ( IFN-γ) is an immunomodu-

lato ry cy tokine known to inhibit IgE synthesis and

Th 2 lymphocyte pro li feration and function
[1 ] . These

observa tions suggest a potential role fo r IFN-γ in

t reatment of al lergic diseases. Our prev ious study

has demonst ra ted that IFN-γcould prevent antig en-

induced eosinophils recrui tment into the airw ay of
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sensi tized mouse accompanied by a decrement of lev-

els of interleukin ( IL ) -5 wi th a dose-rela ted re-

sponse
[2 ]
. Our resul ts suggested tha t IFN-γmigh t

be of v alue in t rea ting atopic bronchial asthma in

humans. W e perfo rmed the present study to investi-

ga te the ef fect o f human recombinant (h r) IFN-γon

the eosinophil infil t ra tion o f the airw ays by antig en

instillation topically in the pa tients wi th mild aller-

gic asthma.

1　Materials andMethods

1. 1　 Subjects

10 nonsmoking asthma tics ( 6 males, 4 fe-

males; 19 to 49 yea r of ag e) , w ho fulfi lled the crite-

ria fo r a diagno sis of asthma as defined by The Res-

pirato ry Branch o f Chinese M edical Associa tion in

1992
[3 ]
were enrolled in this study. Al l pa tients had

mild atopic asthma, wi th baseline FEV1 g reater than

70% of predicted va lue, requiring only intermi t tent

use of inhaled β2-agonists. Each pa tient had a posi-

tiv e skin prick test responses to dust mite and /or

one o r mo re o ther aeroallerg ens, but none w as re-

ceived ei ther cor tico steroids medication or other im-

munotherapy in 3 months.

1. 2　 Fiberoptic Bronchoscopy

Subjects were premedicated w ith 0. 5 mg at-

ropine subcutaneously. Oxygen at 4 L /min w as giv-

en via nasal cannula throughout the procedure. Af-

ter the no se and throa t w ere anesthetized wi th a top-

ical lidocaine spray , a fiberoptic brochosocope o f

Olympus model BF 1T20 was inserted into the low-

er ai rw ay s. Local anesthesia w as supplemented wi th

2% lidocaine. An IFN-γ treatment was perfo rmed

by instilling 1 5000 dust mi te 1 mL ( Shanghai

Xudong Haipu Pharma. L td. ) plus h rIFN-γ1. 0× 106

U ( dissolv ed in 5 mL normal saline, obtained from

Zhuhai Lizhu Pharma. Lid. ) into a subsegment o f

the lingula o r right middle lobe. A control procedure

w as perfo rmed by instilling 1 5000 dust mi te 1 mL

plus 5 mL no rmal saline into a subsegment o f the

opposi te lung ( middle lobe, o r lingula ) . 24 h la ter,

a second bronchoscopy w as car ried out w hen Olym-

pus allig ato r forceps ( model FB15C) were used to

take four to six bronchial mucosal from each o f the

t reated lingula o r middle lobe separately.

1. 3　 Biopsy Samples

The bronchial mucosal biopsies w ere taken in

pho spha te-buf fered saline placed in OCT embedding

medium and snapfro zen in isopentane precooled in

liquid nit rog en. Six-micron cryo stat sections were

cut and the sections w ere placed on micro scope

slides. They w ere ai r-dried fo r 1 h , fix ed in equal

parts o f acetone and methanol fo r 5 min, and fur-

ther air-dried fo r 1 h. The slides were then w rapped

in aluminum foi l and stored at -20℃ prio r to im-

munostaining.

1. 4　 Immunohistochemistry

The following monoclonal antibodies were

used: an antibody stained both resting and activ ated

eosinophils ( BMK-13 obtained from Nichirei Co. ,

Tokyo, Japan) , CD4 ( leu3a) , CD8 ( leu2a ) , CD25

( anti-IL-2 receptor ) ( all purchased from Dako Ltd. ,

Santa Barba ra , CA) . An Immunostaining was de-

tected by the alkaline phospha tase-antialkaline

pho spha tase method w ith a commercia l kit ( APAAP

ki t , Dako Ltd. ) according to the procedures recom-

mended by manufactures. System and specifici ty

cont ro ls w ere included in each staining run, using

human lymphadens wi th eosinophilic lymphodeniti s

and a mouse IgG2a myeloma protein ( Dako Ltd. ) a s

a negativ e control. The numbers of posi tiv e stained

cells w ere counted in a zone 115μm deep (as defined

by squared eyepiece g raticule) along the leng th of

the epithelial basement membrane ( BM ). A cali-

brated and computerized g raphics table w as em-

ployed to determine the leng th of BM. At least tw o-

step sections ( 18μm apa rt ) w ere stained and count-

ed fo r each antibody and the average count taken a s

the value of bio sy.

1. 5　 Statistical Analysis

All data w ere presented as x-± s . Analy sis of

pai red t test w as used to determine the signi ficance

in the ma tched comparison fo r the resul ts obtained

from bronchial muco sal biopsies. P values < 0. 05

w ere considered signi ficant.

2　Results

　　 Posi tiv e staining fo r eosinophils wi th BMK-13

w as observed in the bronchial epithelium and lamina

propria. In the lamina propria, the infil t ra tion was

mo re prominant. In some sections, especially those

not to be t rea ted wi th IFN-γ, eosinophils w ere also

observ ed around vessels, and scat tered throughout

the deep layer o f lamina propria. A representa tiv e
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example of the immunostaining pa ttern for

eosinophi ls is show ed in figure 1. As showing in fig-

ure 2, the number of eosinophi ls in the bronchial

mucosa exposed to hr IFN-γ ( 9. 4± 1. 4 /mm ) w ere

signi ficant ly low er tho se that in the control mucosa

( 18. 9± 3. 4 /mm , P < 0. 01 ) . It suggests tha t

hr IFN-γ could prevent the eosinophils inf li lt ration

( A)

( B)
by one-second.　　 Fig. 1　 Immunostaining patterns with

BMK-13 in bronchia l mucosa by the alkaline pho sphata se-an-

tialkaline pho sphatase method ( o rig inal magnifica tion× 400) .

( A) contro l muco sa exposed to no rmal sa line; ( B) bronchial

mucosa expo sed to hr IFN-γ.

　　 A prominant lymphocy te in infil tratation w as

also observ ed in the bronchial muco sa of all subjects

studied ( Figure 3) . The instilla tion o f h rIFN-γ sig-

ni ficant ly decreased antig en-induced CD4
+
cells in-

fi lt ration in the bronchial muco sa of a topic asthmat-

ics by 53. 1± 7. 2% ( control, 20. 7± 3. 8 /mm versus

IFN-γ, 9. 7± 1. 9 /mm , P < 0. 01 ) . A decrease in

CD25+ cel ls, presumed activ ated T lymphocytes,

w as also observed when IFN-γ t reatment w as com-

pared w ith di luem t insti llation ( 1. 6± 0. 3 /mm ver-

sus 4. 1± 0. 9 /mm, P < 0. 01 ) . In contrast, IFN-γ

t reatment did not resul t in an overall decrement in

the numbers of to tal CD8+ cells ( 5. 3± 1. 0 /mm) as

compared wi th normal sa line t reatment ( 5. 9± 1. 2 /

mm, P < 0. 05 ) .

3　 Discussion

　　 The previous study has demonst ra ted tha t seg-

mental antig en challenge w as capable o f inducing

the eo sinophi l recruitment in the ai rway of allergic

subjects
[4 ] . In the present study , w e used this in-

f lammatory model to investig ate the ef fect of h rIFN-

γon the eo sinophi l infil t ra tion o f the bronchial mu-

co sa w ith atopic asthmatics. The pa tients wi th

atopic derma titi s t reated w ith subcutaneous hr IFN-γ

demonst rated clinical improvement along wi th a

ma rked decrease in ci rculating eo sinophi l counts
[5 ] ,

how ever, the patients wi th steroid-dependent asth-

ma treated wi th h rIFN-γ show ed no improvement ,

although they did have an observ ed decrease in cir-

culating eosinophi l counts
[6 ]
. One explanation fo r

this might be that the subcutaneous hr IFN-γdid not

exer t a bio logic effect in the ai rway s. Indeed, Jaf fe

et al.
[7 ]

have shown that subcutaneously adminis-

tered h rIFN-γdid no t reach the respira to ry epithe-

lial surface. Therefo re, topical instilla tion

　　 Fig. 2　 Com parison o f numbe rs o f to ta l eo sinophils

( BM K-13+ cells) within the br onchial mucosa obtained f rom

contro l segments ( coutr ol) o r segments trea ted with h r IFN-γ

( IFN-γ) , expr essed per mm leng th o f ba sement membrane

( BM ). Sections we re stained immunohisto chemica lly by th e

alkaline ph ospha ta se-antialkaline pho sphatase method. Ho ri-

zontal bar s represent g roup mean va lues
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　　 Fig . 3　 Numbe rs o f CD4+ , CD8+ and CD25+ cells within

the bronchia l mucosa obtained f rom contro l segments ( A) or

segments t reated w ith hr IFN-γ ( B) , expr essed per mm leng th

o f BM . Sec tions w ere stained immunohistochemically by the

alka line phospha tase-antia lkaline pho sphatase method. Ho ri-

zontal ba rs repr esent g roup m ean values

o f h rIFN-γw as adopted in this pilo t study to obtain a practi-

ca l effect.

　　 In this study , it show ed that the topical administ ration o f

hr IFN-γ decreased th e eo sinophil r ecruitm ent into the air-

ways induced by antig en challenge in the pa tients w ith mild

atopic a sthma. We a lso found that the inhibition of the

eosinophil infiltration w as asso ciated with the decrement o f

CD4+ and CD25+ but no t CD8+ T cell infiltra tion.

　　 It has been suggested that CD4+ helper ( Th) lym pho-

cytes can be div ided into tw o subsets, Th 1 and Th 2 cells, on

the basis o f thei r dif ferent pat tern of cytokine secre-

tion
[8 ]
. Th1 cells produce IL-2, IFN-γ, and lympho-

toxin, etc. , Th 2 cells produce IL-4, IL-5, IL-6 and

IL-10, etc. . Nakajima et al.
[9 ]

demonstrated tha t

the in viv o depletion of CD4
+
cells by pret reatment

w ith anti-CD4+ monoclonal antibody signi ficant ly

decreased the eosinophil infil tration induced by anti-

gen inhalation in the ai rway s of sensi ti zed mice.

How ever , the in v iv o depletion o f CD8+ cells by pre-

treatment wi th anti-CD8
+
monoclonal antibody had

no significant ef fect on the antig en-induced

eosinophi l infil t ra tion. Fur thermore, pret reatment

w ith anti-murine IL-5 monoclona l antibody also de-

creased the antig en-induced eo sinophi l

infil tration. Therefore, It could be concluded

that CD4
+

but no t CD8
+

cells mediate the

antig en-induced eosinophi l recrui tment in the

airw ay, and tha t IL-5 also media tes the

eosinophi ls recrui tment.

　　 IFN-γ i s a Th1-cell-deriv ed cytokine

that has been known to inhibi t Th 2 cell pro-

lifera tion in vi t ro
[ 1]

and antagonizes in viv o

Th2 type responses
[ 10, 11] . It has been reported

that the inhibi to ry effect of IFN-γon the in

viv o Th2-type responses occurs at the time

o f ini tial CD4
+

cells activ ation during the

antig en presentation
[12 ] . Al though resting T

cells are known to express small numbers of

low-af fini ty IL-2 recepto r, the expression o f

the high-affini ty receptor, required fo r

g row th and pro liferation, i s found only after stimu-

lation by appropriate antig en, anti-CD3 monoclonal

antibody o r lectin
[ 13]
. Posi tiv e staining is likely to

represent only recently activ ated T cells because IL-

2 receptor expression is t ransient and disappears in

the absence o f continued stimulation. Thus, the de-

crease of CD25
+
cells indicats that the activ ation of

T cells is inhibited. In this study, w e found that

hr IFN-γ prevented the antigen-induced eo sinophi l

recruitment into the airw ays accompanied by decre-

ments o f infi lt rating CD4
+
and CD25

+
cells. Taken

together w ith the results of our previous study[2 ] ,

these resul ts suggested that the inhibi to ry ef fect of

hr IFN-γ on the antig en-induced eosinophi l infil tra-

tion into the ai rway s might be due to that hr IFN-γ

inhibi ted CD4+ cell infil tration into the airw ays, and

tha t h rIFN-γinhibi ted T cells ( po ssibly Th2 cells)

activation for secreting IL-5 at the time of antig en

challenge. On the contrary , i t seems unlikely that

IFN-γderect ly acted on eo sinophi ls and thereby in-

hibited the IL-5-dependent eosinophi l infi lt ra tion

because i t has been demonst rated tha t IFN-γi s an

activato r fo r eosinophils to prolong the survival and

enhance the cy to to xici ty
[ 14]

.

　　 For practical and ethical reasons, i t w as not

possible to perfo rm a time-course study o f bronchial

mucosal changes af ter allergen challenge and IFN-γ
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administ ration. We cho se the 24-h time point for

biopy in o rder to avoid the peak bronchoconst riction

associated wi th the late asthma tic response. Actual-

ly , the challenge of specific antigen in allergic asth-

ma tics caused a prog ressiv ely increasing late-phase

bronchial abst ruction which peaked around 7 to 8 h

and in some cases persisted for several days
[ 15] , wi th

the prominant cellula r changes w ere apparent at 24

h af ter challenge
[16, 17 ]

.

　　 Recent investiga tions suggested tha t the speci f-

ic targeting o f T cells might be beneficial in the

t reatment o f asthma, although co rticosteroids a re

stil l the mainstay of t rea tment for asthma
[18 ] . W e

have shown that a pla telet-activa ting facto r antag o-

nist ONO-6240 was able to elimina te the ai rway al-

lergic inf lammation by inhibiting production of IL-5

and IL-2 from T cells
[19 ] . Our finding s in this study

that the topical administered h rIFN-γprevented the

antig en-induced eosinophil recrui tment into the

asthma tic airw ays provided evidence that more spe-

ci fic ta rg eting of CD4
+
cells ( presumably Th2 cells)

by IFN-γwould be useful in the treatment of asth-

ma.
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