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THE  IN VIVO  DEPLETION  OF  CD4+  T  CELLS  PREVENTS  ANTIGEN-INDUCED

          EOSINOPHE  INFILTRATION  INTO  MOUSE  SKIN
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 In order  to determine  the role  of  CD4'  T  ceils  and  CD8"  T  cells  in causing  antigen-indueed

eosinophi1  infiltration into the  site  of  late-phase  reaction  (LPR>, we  exarrtined  the  effect  of  the
in vivo depletion of  CD4'  T  cells  and  CD8'  T  cells  on  antigendinduced  eosinephil  inMtration

into mouse  skin.  Eosinophil infiltration into the skin  of  evalbumin  (OA)-sensitized BALBIc
mice  was  biphasic after  subcutaneous  OA  challenge,  reaching  the first peak  at  6 h and  the
second  peak  at  24  to  48  h. The  in vivo  depletion of  CD4'  T  cells  by pretreatment  with anti-

L3T4  monoclenal  antibody  (mAb) significantly  decreased  the  second  peak  (at 24  h and  48  h),

but not  the first peak  <at 6 h}, of  OA-induced eosinophil  infiltration into the skin  of  OA-

sensitized  mice.  However, the  depletion of  CD8' T  cells  by pretreatment  .wi'th anti･Lyt-2  mAb

had  no  significant  effect  on  either  the  first or  second  peak  of  OA.induced  cutaneou$

eosinophilia  in the  mouse.  These  results  indicate that  CD4'  T  cells,  but not  CD8'  T  cells.  play

an  important role  in eausing  antigen-induced  eosinophil  recruitment  of  ctttaneous  LPR.
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INTRODUCTION

 Late-phase reaction  (LPR) occurs  3 to 8 h after

antigen  administration  and  persists for up  to 48 h
in the skin  and  airways  of sensitized  individuals.
It has been shown  that there is an  intense
eosinophil  infiltration into the site  of  LPRi)-4}.
Previous studies  suggested  that the eosinophil

infiltration in cutaneous  LPR  was  dependent on
IgE antibody  and  mast  cellsi)2), In addition  to the
infiltration of eosinophils,  it has reoently  been
shown  that there is an  increase in CD4' T  ce!ls at

the $ites of  LPR  in the skin5) and  airways6),

suggesting  that CD4' T  cells might  be involved in
antigen-induced  eosinophil  recruitment  of LPR.
However, there is no  direct evidence  that T
lymphocytes mediate  antigen-induced  eosinophil

infiltration into the site  of LPR. Therefore, in
order  to determine the role  of CD4' T  cells  and

CD8' T  cells in causing  antigen-induced  oosinophil
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infiltration into the site of LPR, we  examihed  the
effect  of  the in vivo  depletion of CD4' T  cells and

CD8+ T  cells  on  antigen-induced  eosinophil  infil-
tration into mouse  skin.  We  show  that CD4' T
cells, but not  CD8' T  cells,  play an  irnportant role

in causing  antigen-induced  eosinophil  recruitment

of cutaneous  LPR.

MATERIALS  AND  METHODS

Mice

 BALBIc  mice  (6-8 weeks  old) were  immunized
intraperitoneally twice with  1 pg  of ovalbumin

(OA) (Sigma Chemical Co.) in alum  at a two-week
interval. Ten  to 14 days after  the second  immu-
nization,  OA  was  administered  subcutaneously  as

described below.

Antibodies

 Rat anti-L3T4  monoclonal  antibody  (mAb)
GKI.5 qgG2b)7) and  rat  anti-Lyt-2  mAb  53,6-72

agG2a)8i were  purified from ascites produced from
the hybridomas by ammonium  sulfate  precipita-
tion. Purified rat igG was  purchased  fromJackson
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Immunoresearch Laboratories.

Antdgen-induced eosinophil  iwfiltration in mouse

skin

  Eosinophil infiltration into the skin  was  in-
duced by subcutaneous  antigen  challenge  in sensi-
tized mice,  and  the number  of eosinophils  infil-
trating into the  subcutaneous  tissue was  meas-

ured  by the method  described by Lawman  et al9).

Briefly, O.9 ml  of  air  was  iniected into the  subcu-

taneous tissue of the left flank of OA-sensitized
BALB/c  mice  using  a 1-ml tuberculin syringe  with

a  26-gauge needle,  and  then O.1 ml  of  OA  (50
ptglml) present in the same  syringe  was  succes-

sively  introduced into the air  bleb. As a  control,

phosphate-buffered saline  (PBS) alone  was  in-

jected into the air  bleb. At various  intervals after

the injection, the thin membrane  of  the air  bleb
was  excised  after  sacrifice  by cervical  dislocation
and  was  stretched  onto  a  glass slide.  After drying,
the specimen  was  fixed with  methanol  and

stained  with  Wright-Giemsa solution. The  num-

ber of  eosinophils  was  counted  at  a  magnification

of ×400 and  expressed  as  the sum  of eosinophils  in
the five fields.

Efact ofanti-CD4 mAb  and  anti- CD8 mAb

  To  determine whether  T  lymphocytes are  in-
volved  in causing  antigen-induced  eosinophil  infil-
tration into mouse  skin,  we  examined  the effect of
the in vivo  depletion of  CD4' T  cells  or  CD8' cells

on  antigen-induced  cutaneous  eosinophilia  in sen-
sitized mice.  OA-sensitized BALBIc  mice  were

iniected intraperitoneally once  with  1 mg  of anti-

L3T4  mAb  (GKI.5)') 2 days before the sub-

cutaneous  challenge  with  OA  (5 Icg). Other OA-
sensitized  mice  were  given 1 mg  of anti-Lyt-2  mAb

(53.6-72)S) intraperitoneally twice at a two-day
interval and  then chal  lenged subcutaneously  with

OA  2 days later. As  a  control, OA-sensitized rnice

were  injected intraperitoneally with  purified rat

igG (1 mg)  2 days before the subcutaneous  OA
challenge.  The  depletion of  CD4'  T  cells  and  CD8'
T  cells was  confirmed  by FACS  analysis  using

spleen  cells prepared from the mice  2 days after
treatment with  the  anti-L3T4  mAb  or  anti-Lyt-2

mAb.  Pretreatment  with  purified rat igG induced
no  changes  in 4umbers of  either T  cell  population
compared  to those in PBS-pretreated mice.

Eosinophil infiltration into the skin  was  evaluated

at  6, 24, and  48 h after the subcutaneous  OA
challenge  in those three groups of mice.

Data analysis

 Data are  summarized  as  mean  ± SD. Inhibition
of eosinophil  infiltration by a  given treatment  was
expressed  as  %  of  1-[(OA-induced response  with
the treatment  minus  PBS-induced  response)

divided by (OA-induced response  with  a corres-

ponding vehicle  minus  PBS-induced response)].

The  statistical analysis  of  the results was  per-
formed by the analysis  of  variance  using  Fisher's
least significant  difference test for multiple  com-

parisoniOj. P  values  <O.05 were  considered  sig-

nificant.

RESULTS

7Vme course  ofantigen-induced eosinophit  injTltra-
tion into mouse  skin

 After the  subcutaneous  OA  challenge,  there
were  biphasic infiltrations of eosinophils  into the
skin  of OA-sensitized mice.  Eosinophil infiltration
into the subcutaneous  tissue of  OA-sensitized
BALBIc  mice  occurred  4 h after the subcutaneous

injection of OA  (5 lrg), reached  the first peak  at  6 h
after  the iajection, and  then declined at 12 h (n==5
mice  at  each  time point) (Fig. 1). The antigen-

induced eosinophil  infiltration into mouse  skin

again  increased at  24 h and  48 h after the
injection, reaching  the second  peak (n= 5) (Fig. 1).
In addition,  there  was  no  significant blood eosin-
ophilia  after  the subcutaneous  iniection of OA
during the entire  course  of  cutaneous  eosinophilia

in the OA-sensitized mice.

E fLfect of mpletion of CD4' T  cetls and  CD8' T  celts

en  antign-induced  culaneous  eosinophilia

 The  in vivo  depletion of CD4' T cells by pre-
treatment with  anti-L3T4  mAb  decreased the
second  peak (at 24 h and  48 h), but not  the first

peak  (at 6 h), of antigen-induced  eosinophil  infil-
tration into mouse  skin.  The  intraperitoneal pre-
injection with  anti-L3T4  mAb  (1 mg)  2 days before
the subcutaneous  OA  challenge  had no  significant

effect  on  OA-induced eosinophil  infiltration into
theskin  of  OA-sensitized mice  at  6 h (n :6)  (Fig 2)･
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 Fig. 1. Time  course  of antigen-induced  eosin-

ophil  infiltration into mouse  skin.

 OA  (5 "g; solid symbols)  or  PBS  (open symbols)

was  injected into the subcutaneous  tissue of OA-
sensitized  BALBIc  mice,  and  the number  of eosin-

ophils  infiltrating into the skin  was  counted  at

various  intervals after  the injection. Data are

means  ±  SD  for 5 mice  at each  time point.
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 Fig. 3. Effect of depletion of CD8+ T  cells on

antigen-induced  eosinophil  infiltration in mouse

skin.

 OA-sensitized mice  were  injected intrapertoneally
twice with  anti-Lyt-2  mAb  (solid columns)  at a  two-
day interval and  then  challenged  subcutaneously

with  OA  2 days later. Data are  means  ± SD for 6
mice  in each  group,
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 Fig. 2. Effect of  depletion of  CD4'  T  cells on

antigen-induoed eosinophil infiltration in mouse

skin.

 OA-sensitized mice  were  injected intraperitone-

ally  with  anti-L3T4  mAb  (solid columns)  or  rat  IgG

(open columns)  2 days before the suboutaneous

challenge  with OA  (5 ng). The  number  of eosinophils

infiltrating into the skin was  then  oounted  at 6, 24,
and  48  h. Data are  means  ± SD  for 6 mice  in each
group. 'Significantly  different from the mean  value

of the corresponding  control  response  (rat IgG),
*P<O.oo1.

In contrast,  the intraperitoneal preinjection with

anti-L3T4  mAb  significantly  decreased OA-in-

duced eosinophil  infiltration into the skin  at 24 h

by 67% (control rat  IgG 113.5 ±  9.8 vs.  anti-L3T4

mAb  41.6 ± 6.1 eosinophilslfive  high power  fields,
mean  ± SD, n==6, P<O.Oel) (Fig. 2). The  intraperi-
toneal preinjection with  anti-L3T4  mAb  also  de-
creased  the OA-induced eosinophil  infiltration at

48 h by 68% (control rat  igG 99.3 ± 12.5 vs. anti-

L3T4 mAb  352 ±
'
 4.5 eosinophils!five  high power

fie!ds, n==6,  p<O.oo1) (Fig. 2).

  However, depletion of  CD8'  T  cells  by pretreat-
ment  with  anti-Lyt-2  mAb  (1 mg,  twice) had no

significant  effect on  either  the first or  second  peak
of OA-induced cutaneous  eosinophilia  in the
mouse  (Fig. 3).

DISCUSSION

  In this study,  we  show  that CD4' T cells play an
important role  in causing  antigen-induced  eosin-

ophil  recruitment  of  cutaneous  LPR, as  indicated
by the preventive effect of the in vivo  depletion of

CD4' T  cells, but not  of CD8' T  cells, on  antigen-

induced eosinophil  infiltration into mouse  skin  at

24 h  and  48 h Fig, 2 and  3). Our  finding provides
direct evidence  that CD4'  T  cells  are  involved in
the induction of antigen-induced  eosinophil  recru-

itment in cutaneous  LPR.

  Frew  and  Key5) found that numerous  eosinophil
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infiltrates were  present at 6 h at the site of

allergen  challenge  in human  skin  of  atopic  pa-
tients and  persisted for up  to 48 h; these were
associated  with  a significant increase in the infil-
tration of CD4' T  cells at 6 to 48 h. Another
indirect evidence  of CD4'  T  cell involvernent in

antigen-induced  eosinophil  infiltration of  LPR  was

an  increase in both CD4'  T  cells  and  eosinophils  in
bronchoalveolar lavage fluid at  48 h after  seg-

mental  bronchial challenge6}.  These findings sug-

gested that there might  be sorne connection  be-
tween  the infiltrating CD4' T  cells and  the eosin-

ophil  recruitment  in LPR5)6>, and  are  also  consis-

tent  with  our  findings at  24 h and  48 h. However,
our  finding indicates that there is no  significant

direct connection  between CD4'  T  cells  and

antigen-induced  eosinophil  infiltration into the
skin  at 6 h (Fig. 2).

  By contrast,  our  results  of the in vivo  depletion
of CD8' T  cells suggest  that CD8' T  cells are not

significantly  involved in the induction of  antigen-

induced eosinophil  recruitment  in cutaneous  LPR.
Since CD8'  T  cells  have regulatory  effects  on  the

immune  responseii}i2}, we  perforrned this experi-

ment  to further assess  the possible regulatory  role

of CD8' T  cells in antigen-induced  eosinophil

recruitment  into the skin.  A  previous study  de-
rnonstrated  that there was  an  increase in CD8' T

cells in the bronchealveolar lavage fiuid of as-

thmatic patients who  had only  immediate-phase
reaction  after aller:gen challengei3), also  sugges-

ting that CD8' T  cells might  have an  inhibitory
effect  of LPR. However, our  findings do not

support  the inhibitory role  of  CD8"  T  cells in

antigon-induced  eosinophil  recruitment  in cuta-

neous  LPR  since  the depletion of  CD8' T  cells  did
not  enhance  the antigen-induced  eosinophil  re-

sponse  diig. 3).

  Our  findings suggest  that CD4"  T  cel!-derived

cytokine(s)  mediates  antigen-induced  eosinophil

recruitment  in cutaneous  LPR. In mice,  blood
cosinophilia  induoed by a parasite infection or  by
the systemic  administration  of IL-2 was  shown  to
be abolished  by treatment with  anti-IL-5 mAbi4}i5),

suggesting  that IL-5 is a  major  cytokine  in causing
eosinopoiesis  and  bleod eosinophilia.  However,
which  cytokine including IL-5 mediates  antigen-

induced eosinophil  recruitment  to the tissue has
not  yet been studied.  Since murine  IL-5 has been

shown  to be chemotactic  for eosinophilsi6),  IL.s
produced from the infiltrating CD4' T cells could

possibly attract the eosinophils  to the site of
antigen  administration  in the skin. Therefore, to
solve  this issue, further studies  are  needed  to
determine whether  CD4' T  cells infiltrate into the
site  of cutaneous  LPR  after antigen  administra-

tion.

  In surnmary,  we  have shown  that CD4" T  cells,

but not  CD8' T  cells, are  functionally important in
causing  antigen-induced  eosinophil  recruitment  of
cutaneous  LPR. This basic knowledge of the
mechanism  for antigen-induced  eosinophil  recru-

itment in LPR  should  be useful  for rational

manipulation  of  allergic  inflammation.

 We  thank  Mr, D, Yoshizawa for preparing manu-

script.  This work  was  supported  in part by grants from
the Ministry of Educations, Science and  Culture and
from the Agency for Science and  Technology, Japan,

REFERENCES

1) Dolovich, J., Hai:greave, F.E., Chalmers, R., Shier,
  KJ., Gauldie, J. and  Bienen$tock,J,: Late cutaneous

  allergic  responses  in isolated igE-dependent reac-

  tions.J AUetgr, Clin. Jmmunot, 52, 38-46, 1973,
2) Solley, G., Gleich, GJ., Jordon, R. and  Schroeter,

  A.L.: The  late phase of the immediate wheal  and

  flare skin reaction:  Its dependence upon  igE anti-

  bodies.J CIin. Jnvest. 58, 408--420, 1976,
3) Hirashima, M, and  Hayashi, H.: The  mediation  of

  tissue eosinophilia  in hypersensitivity reaction,  I.
  Isolation of two different chemotactic  factors from

  DNP-ascaris extract-induced  skin  lesion in guinea-
  pig, immunatqgy  30, 203-212, 1976.
4) De  Monchy, J.G,R,, Kauffman, H.F., Venge, P.,
  Koeter, G.H,,Jansen, HM., et al.: Bronchoalveolar
  eosinophilia  during allergen-induced  late asthmatic
  reactions.  Am,  Rev. ResPir. Dis. 1 31 

,
 373--376, 1985.

5) Frew, AJ. and  Kay, A.B.: The relationship  between

  infiltrating CD4' lymphocytes, activated  eosin-

  ophils  and  the magnitude  of the allergen-induced

  late phase cutaneous  reaction  in man.  J lmmunol.
  141,4158-4164, 1988.
6) Metzger,WJ.,Zavala,D.,Richerson,H.B,,Moseley,

  P., Iwamota, P,, et al,: Local allergen  challenge  and

  bronchoalveolar lavage of allergic  asthrnatic  lungs･

  Description of the model  and  1ocal airway  inflam-
  mation.  Am.  1?ev. RbsPir. Dis. 135, 433-440, 1987.



The Japanese Society of Allergology

NII-Electronic Library Service

The 　Japanese 　Sooiety 　of 　Allergology

Sanae　Tomoe 　et　al ． 703

7）Dialynas，　D、P．，　Quan，　Z．S．，　Wali，　K ．A”Pierres，　A ．，

　　Quintas，J．，Lohen，　M ．R．
，
　et 　aL ：Characterization　of

　　the　murine 　T　cells 　surface 　molecule ，　designated

　　L3T4，　identified　by　 rnonoclonal 　 antibody 　GKL5 ：

　　Similarity　of　L3T4 　to　the　human 　Leu・3／T4　mole ・

　　cu 蓋e．　」．1〃；m π net ，131，2445−2451，1983．

8）Ledbetter，　J．A．　and 　Herzenberg，　L．A．： Xenqgeneic

　　mon   lona監antibod 圭es　to　mouse 　lymphoid　differen−

　　tiation　antigens ．　Jmmunot．　Rev．47，63−90，1979．

9）Lawman ，　MJ ．P．，　Boyle，　M ．D．P．，　Gee，　A，P．　 and

　　Young，　M ：Arapid　technique 　for　measuring 　leuko−

　　cyte 　chemotaxis 　in　v 孟vo ，露 lmmunoL 　Methods　69，

　　197−206
，
1984．

iO）Miller，　R．G ．： Simultaneous　statistical 　inference．

　　2nd　ed ．　Springer−Verlag，　New 　York，1981．

11）Vadas
，
　MA ．

，
　M 孟11er

， 1．RA ．P．，　McKenzle，　LF．C．，
　　Chism

，
　S、E．，　Shen，　F．W ．

，
　et　 al．： Ly　and 　and 　Ia

　　antigen 　phenotypes 　of　T 　cells 鼠nvoived 孟n　delayed・

　　type　hypersensitivity　and 　in　suppression ．ノ！助 ．

　　Med ．144，10−19，1976，
12）Okumura ，

　K ．
，
　 Takemori

，
　 T．，　 Tokuh 弖sa，　 T．　and

　　Tada
，
　T ．：Spec重fic　enrichment 　of　the　suppressor 　T

　　ce旺bearing　lJ　determinants．　Parallel　functional　and

　　serological 　characterizations ．ノ1 助 、ハled．　146
，

　　1234−1245，1977，
13）Gonzalez，　M ．C．，　Diaz，　P．，　Galleguillos，

　F．R．，　Ancic，
　　P．

，
Cromwell，0．　and 　Kay

，
　A．B，： Allergen・induced

　　recruitment 　of　bronchoalveolar　helper（OKT4 ）and

　　suppressor （OKT8 ）T ・cells　in　asthma ，　Relative　in・

　　creases 　in　OKT8 　cells　in　single 　responders 　com −

　　pared　with 　those　in苴ate・phase　responders ．Am ，　Rev．

　　Rおρf飢 偽 ，136
，
600−604

，
1987．

14）Coffman
，
　R．L

，
　Seymour

，
　B．W ．P．

，
　Hudak

，
　S．

，
　Jack−

　　son ，　J．　and 　Rennick，　D ．：Antibody　to　interleukin−5

　　inhibits　helminth・induced　eosinophilia 　in　mice ．

　　Stience　245，308−310，1989．
15）Yamaguchi

，
　Y．

，
　Suda，

　T ．
，
　Shiozaki，

　H．，　Miura，　Y．，
　　Hitoshi，　 Y．，　 et　 al．： Role　 of　 IL−5　 in　 IL2−induced

　　eosinophi 髄a 。　In　vivo 　and 　in　vitro 　express 圭on 　of　II！ 5

　　mRNA 　by　IL2 ．J．　lmmunol ．145 ，873−877， 1990．
16）Yamaguchi

，
　Y．，　Hayashi，

　Y．
，
Sugama

，
Y．

，
　Miura

，
　Y．，

　　Kasahara，　T．，　et　a1．：Highly　purified　murine 　inter・

　　leukin　5 （IL−5）stimulates 　eosinophil 　function　and

　　prolongns　in　vitro　survival ．　IL・5　as 　an 　eosinophil

　　chemotactic 　factor．ノl　Exjウ．　 Med．167
，
1737−1742

，

　　1988，

CD4陽性 T 細 胞 の In　Vivo 除去 に よ る抗原誘発

マ ウ ス 皮膚好酸球浸潤の 抑制

　　　 千葉大学医学部第二 内科

巴　早苗　　岩本逸夫　　吉田　尚

　　　　 東邦大 学 医 学 部内科

　　　　　　 冨 岡玖夫

　 1型 ア レ ル ギ ー
の 遅発反応 の 好酸球浸潤に お け る CD4 陽性 T 細胞 お よ び CD8陽性 T 細胞 の 役割を明

らか に する た め，マ ウ ス 皮膚に お け る抗原誘発好酸球浸潤 に 対す る CD4陽性 T 細胞ある い et　CD8陽性 T

細胞 の in　vivo で の 除去効果 を検討 した ．卵白 ア ル ブ ミ ン （OA ）皮下投 与に よ る OA 感作 BALB ／c マ

ゥ ス 皮膚の 好酸球 浸潤は 2 相性で ， 第 1相 は OA 皮下投与 6時間後 に ピ ー
ク を示 し，第 2相 は 24〜48時

間後に ピ ーク を 示 し た．抗 L3T4 モ ノ ク ロ
ー

ナ ル 抗体 に よ る CD4 陽性 丁 細胞 の 除去は第 2相 （24お よ び

48時閭後） の 好 酸球 浸潤を減少させ た が ， 第 1相 （6 時間後）の好酸球浸潤 は減少させな か っ た，しか

し，Lyt・2モ ノ ク ロ ナ
ー

ル 抗 体に よ る CD8 陽性 T 細胞 の 除去は第 1相お よ び第 2相 の 好酸球浸潤 に 対 し

有意の 効果を与 えな か っ た ． こ れ らの 結果か ら， 皮膚 1型 ア レ ル ギ ーの 遅発反応 に お け る 好酸球漫潤 の

惹起 に は CD4 陽性 T 細胞 が関与 して い る こ と が示 され た ．
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