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Abstract

  Complete  Freund's adjuvant  (CFA) induced  a  Thl-predominant immune  response,  accompanied  by a  high level
of  antigen  (Ag)-specific IgG2a  and  a  low level of  Ag-specific  IgE. Administration of  Hbchimitl'ie-gan  (HMG  : Ba-
Wei-Di-Huang-Wan),  a  traditional Japanese herbal medicine  (Kbmpo) originating  in China, for 1 week  before and  2

weeks  after  immunization, elicited  the suppression  of  Ag-specific IgG2a  and  the enhancement  of  Ag-specific IgE in
the mice  immunized  with  CFA,  Ag-specific IFN-v production  was  suppressed  by HMG,  whereas  Ag-specific IL-4

production showed  a  tendency  for augmentation  by HMG.  Additionally, anti-CD3-stimulated  IFN-v and  IL-4 pro-
duction during the primary antigenic  stimulation  of  naive  T cells, was  NKI.1  cell-dependently  inhibited  and  aug-

mented  by HMG,  respectively.  On  the other  hand, aluminum  hydroxide  (alum) induced a  Th2-predominant immune
response,  accompanied  by a low level of  Ag-specific IgG2a  and  a  high level of  Ag-specific  IgE. Treatment with  HMG
for 2 weeks  after  immunization, elicited  the suppression  of  Ag-specific IgE in mice  immunized  with  alum.  Ag-specific
IFN-y production was  clearly  up-regulated  by HMG.

  These results  suggest  that HMG  has dual regulatory  effects  on  ThlfTh2  balance in both  the adjuvant-induced
Th1- and  Th2-predominant immune  responses  through  IFN-v  and  IL-4 procluctions  from  NK1.1  cells  during the pri-
mary  antigenic  stimulation  of  naive  T  cells.

  Key  words  Hachimijio-gan  (Ba-Wei-Di-Huang-Wttn, AnyopesSL), CFA,  alum,  NKI.1.

  Abbreviations Ag, antigen;  alum,  aluminum  hydroxide; CFA,  complete  Freund's adjuvant;  ELISA,  enzyme-linked

immunosorbent assay;  HMG,  Hachimi-jio-gan; LIV, liver; MNC,  mononuclear  cell; MoAb,  monoclonat  antibody;  NKT,
natural  ki11er T  cell; OVA,  ovalbumin;  SPL, spleen;  Th, T  helper.

Introduction

   MRL/MpJ-ipriipr (MRLIipr) mice  have been used

as a mode]  of  systemic  autoimmune  disease character-

ized by  auto-antibody,  immune-complex fbrmation, and

massive  lymphadenopathy  or splenomegaly.''  In the

mice,  the fbllowing immunological abnormalities  are ob-

served  ; a defect in the  activation-induced  cell  death of
'
 peripheral T cells,2']) a  skewing  of  the immune  response

towards T  helper (Th) 1 cells,`)  a  hyper-responsiveness

of  cells to IL-18,S) a  reduction  of  Va14  NKT  cells,6)  and

the like. Our previous studies  have  shown  that Hachimi-

jie-gan (HMG  : Ba-Wei-Di-Huang-Wan),  a  traditional

Japanese herbal medicine  (Kdmpo) originating  in China,
ameliorates  autoimmune  diseases in MRLIipr  mice

through  the reduction  of  Th1 predominance,7･8) suppres-

sion  of  the IL-18 hyper-responsiveness and  an  increase
in Vod4  natural ki11er T  (NKT) cells.")  Since Va14  NKT

cells can  secrete  large amounts  of  IFN-y and  IL-4,iO･]i) a

regulatory  role  for these  cells  in ThlrTh2  differentiation

has been  suggested.  Therefbre, it has been speculated

that the suppressive  effect of  HMG  on  the development

of  MRL/ipr autoimmune  diseases is mediated  by Vct14
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NKT  cells.  In the present study,  norma)  mice  were  in-

jected intraperitoneally (i.p.) with  Complete  Freund's

adjuvant  (CFA) to induce an  imbalance toward  Thl  pre-

dominance and  with  alurninum hydroxide (alum) to in-

duce  an  imbalance toward  Th2  predominance, CFA

promotes the synthesis  of antigen  (Ag)-specific IgGl and

IgG2a in response  to T-dependent  antigens,t2･t3} but IgE

was  detected at  low  levels in the  serum  after CFA  treat-

ment.  On  the other  hand, alum  promotes  the production

of  Ag-specific IgGl and  IgE.'4) In these models,  we  in-

vestigated  the immunomodulating  effect of  HMG  on  the

ThltlTh2 balance,

   As  a  result, we  demonstrated that HMG  had a dual

regulatory  effect  on  Thl/Th2 balance in both the Thl-

predominant immune  response  to CFA  and  Th2-

predominant immune response  to alum.

Materiais and  Methods

   Experimental  animals:  Female C57BL/6 mice  (7
weeks  old) were  purchased from  Charles River Japan

Inc.(Yokohama,  Japan), and  maintained  in specific

pathogen-free facilities.

   Imm"nization  of mice:  Ovalbumin antigen  (OVA)

(gradeV SIGMA,  St. Louis, MO)  was  emulsified  in

Complete Freund's adjuvant  (CFA)(Difco Laboratories,

Detroit, MI). Groups of  4 -  6 mice  at  9 weeks  of age

were  immunized  i.p. with  100pg of  OVA  in CFA  (CFA-
OVA)  at a  volume  of  O.2ml. In another  experimenL

groups of  5 mice  at 9 weeks  of  age  were  immunized i.p.

with  4pg  of  OVA  absorbed  on  4mg  of  alum (Wako,
Osaka)  (alum-OVA), suspended  in O.2ml of  phosphate-

buffered saline  (PBS).
   7)"eatment with  HMG  (Hdchimiv'io-gan): A  spray-

dried HMG  extract  manufactured  at Kanebo  Ltd.

(Tokyo, Japan) was  used  as  the test drug (human's usual

dose ; 5.2g/day). HMG  was  prepared from a  mixture of

8 rnedical  herbs in the fo11owing proponions: Rehmanniae

radix  (5,O g), Corni fructus (3.0 g), Dioscoreae  rhizoma

(3.0 g),Alismatis rhizoma  (3.0 g), Poria (3.0 g), Mbutan

cortex  (3.0 g), Cinnamomi cortex  (1.0 g), and  processed
Aconitum  tuber  powder (1.0 g). Extraction was  carried

out  by refluxing  one  part herb mixture  with ten  parts

water
 at 95 N  100 

"C

 for 1 hr. The extract  was  then

spray-dried  in a  hot air stream  (Recovery : about  22%).

    C57BL/6  miee  were  orally administered  1000

rng/kg  of  HMG  suspended  in disti11ed water  for 1 week

before CFA-OVA  irnmunization (termed before-HMG  ;

-day 7 -  -day 1), 2 weeks  after  the immunization (termed
after-HMG  ; day O N  day 13) or  3 weeks  throughout

(termed all-HMG  ; -day 7 -  day 13). In the  alum-OVA

experiment,  C57BL16  mice  were  orally administered

1OOOmglkg of  HMG  after  alum-OVA  immunization (day
O -･  day 13),

   Measurement  of OV4-specijic IgE and  IgG  sub-

classes  in serum:  Detection of  OVA-specific IgGl,

IgG2a, and  IgE in the serum  14 days after immiunization

was  carried  out  using  an  enzyme-linked  immunosorbent

assay  (ELISA). For the measurement  of  OVA-specific

IgGl and  IgG2a, a  plate was  coated  with  10 and  1oo

pg/ml of OVA,  respectively.  Then, OVA-specific  IgGl

and  IgG2a  bound to the plate were  detected by

peroxidase(POD)-coajugated anti-mouse  IgGl  and  IgG2a

MoAbs  (LO-MGI-2, LO-MG2a-3,  ZYMED  Inc, San

Francisco, CA), respectively.  The  values  were  measured

at  492 nm  with  a microplate  reader  (Em ; 630nm). For

the measurement  of  OVA-specific IgE, a  plate was

coated  with  purified anti-mouse  IgE (LO-ME-2, Serotec,

CA), Then, OVA-specific  IgE bound  to the plate was

detected by biotin-OVA, fbllowed by  streptavidin  coniu-

gated P-galactosidase (CALTAG, CA).  After the sub-

strate  reaction  using  4-methylumbellifery1 B-D-galacto-
pyranoside (Wako), a  stop  solution  was  added,  and

optical fluorescence intensities were  measured  with  a

microplate reader  at  360nm  (Em ; 450nm),

    Cell preparation and  sqparation:  Spleen (SPL) cells

obtained  from each  group were  mixed  and  suspended  in

RPMI  1 640 medium  (Invitrogen, Groningen, Netherlands)

supplemented  with  10%  fetal bovine serum  (Invitrogen),
25 mM  2-[4-(2-Hydroxyethyl)-1-piperazinyl] ethanesul-

fonic acid  (HEPES) (Dojindo, Kumamoto,  Japan), 2xlO'5

M  2-mercaptoethanol and  10 mgn  of  gentamicin sulfate,

Liver (LIV) mononuclear  cells  (MNCs) were  isolated by

Percoll (SIGMA) density gradient centrifugation  as  pre-

viously  described'4} and  suspended  in the RPMI  1640

medium.  NK1.1' cell-depleted  SPL  cells  were  obtained

using  the magnetic  beads coniugated  with  anti NKI.1

MoAb  (Miltenyi Biotec, Germany),

    Proliji!rative activity:  SPL  cells  (2.5 ×  10S lwell) ob-

 tained 14 days after  CFA  or  alum  immunization were

 seeded  into each  well  of  96-well plates, and  incubated

 for 72 hr with  5 and  50 pglml (CFA), or  50  and
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5oo pgtml (alum) of  soluble  OVA.  Cell proliferation
was  detected by Cell Proliferation ELISA  BrdU  (Roche,
Mannheim) at  450nm  (Em ; 630nm).

   dytokine production: SPL  cells  (2.5 ×  1OS lwell) ob-
tained  14 days after CFA  or  alum  irnmunization were  in-
cubated  for 72  or  96 hrs in non-coated  96-well plates
with  500 pgtml of soluble  OVA,  respectively.  NKI.1"-
depleted SPL  cells (NKI.1- cells)  and  whole  SPL  ce]ls

(Whole cells) obtained  day 1 after  CFA  immunization
were  cultured  in 96-well plates pre-coated with  10 ptgfml

ctCD3  MoAb  for 48 hrs. Detection of  IFN-y and  IL-4 in
the culture  supernatants  was  canied  out  by ELISA.
Recombinants of  IFN-y (Pharmingen) and  IL-4 (Pharmi-
ngen)  were  used  as standards,  Each  cytokine  was  cap-

tured  by pre-coated anti-Mouse  IFN-v (R4-6A2, Pharrni-
ngen)  and  anti-Mouse  IL-4 (BVD4-IDI1, Pharmingen)
MoAbs,  respectively.  Then, each  captured  cytokine  was

detected by biotin-coajugated anti-Mouse  IFN-v  MoAb

(XMG1.2, Pharmingen) or  biotin-coajugated anti-Mouse

IL-4 MoAb  (BVD6-24G2, Pharmingen), fo11owed by
streptavidin-corljugated  P-galactosidase (CALTAG) and

4-methylumbellifery1 P-D-galactopyranoside (Wako).
After the substrate  reaction,  a  stop  solution  was  added

and  optical  fluorescence intensities were  measured  with

a  microplate  reader  at 360 nm  (Em ; 450nm).

   Statistical analysis:  Data was  expressed  as  the mean

± S.D. The statistical significance  of  difference was

analyzed  with  Student's t-test or  Mann-Whitney's  U-test.

Results

llt77ect of HMG  on  OVC4-specijic lgE, IgGl  and  lgG2a
levels in serum  of CFA-OX4-immunized  mice

   Immunization  with  CFA-OVA  strongly  induced the

production of  OVA-specific IgGl  and  IgG2a, whereas

very  little OVA-specific IgE was  detected in the serum
of  C57BL16 mice  (Fig.1, control). The mice  were  orally

treated with  1000 mglkg  of  HMG  for 1 week  before
CFA-OVA  immunization  (before), 2 weeks  after the im-

munization  (after) or 3 weeks  throughout  (all). The  treat-

ment  with  HMG  did not  affect OVA-specific IgGl
levels, regardless  of  the difference in schedule  (Fig.1-A).
As  shown  in Figure 1-B, all-HMG  significantly reduced

OVA-specific IgG2a levels, though  the partial treatment

(before, after)  did not  rise to the significant suppression
of  the level. Moreover,  the all-HMG  treatment  in CFA-
OVA  mice  increased OVA-specific IgE levels, and  dif-

ferences in the effect among  schedules  were  similar  to

those in the case  of  OVA-specific IgG2a (Fig.1-C),
Judging from these results, we  selected  

"al1"
 as a treat-

ment  schedule  in the next  experiment.

Smpressive efTlect ofHMG  on  71hl immune  response

   To examine  the effects  of  HMG  on  Thl and  Th2
cell development, SPL  cells  were  obtained  from  the mice

14 days after immunization. The  production of IFN-y in
the culture supernatants  of  OVA-stimulated SPL  cells
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Fig. 1 Effect of  HMG  on  OVA-specific IgE, IgGl and  IgG2a  levels in serum  of  CFA-OVA  immunized  mice,

 
C57BU6

 
mice

 
were

 i,p. immunized  with  1oopg of  OVA  in CFA  on  day e. Tlie mice  were  ora11y  administered  1ooOmglkg  of  HMG  on  day-7-1
 Cbefbre), day O-13 (after) or  day-7-13 (al1}, OVA-specific IgGl (A), IgG2a  (B) and  IgE (C) levels in serum  on  day 14 were  determined by ELISA
 (see Materials &  Methods).
                The  statistical significance  of  differences was  analyzed  with  Mann-Whitney's U-test. ",p<O.05

 comparcd  with  control
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was  significantly suppressed  by  
"all"

 HMG  treatment

(Fig.2). The production of IL-4 showed  a  tendency  for

augmentation  by HMG  treatment.  On the ether  hand, the

proliferation of  SPL  cells  in response  to OVA  was  sig-

nificantly suppressed  by HMG  (data not  shown).
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Fig. 2 Suppressive effect of  HMG  on  TTil immune  response.

 C57BLt6  mice  were  i,p. immunized  with  1OOpg of  OVA  in CFA  on

 day O. The mice  wcre  orally  administered  1000mgtkg  of HMG  on

 day-7 -13. 0n  day 14, SPL  cells  (2.5 x  10Stwell) were  pooled from

 4 -6 mice  in each  group und  cultured  with 500  pglml of OVA  for

 72 hr. The  production of  IFN-T (U/mt) 
'and

 IL-4 (pgtmb in the su-

 pernatants was  measured  by ELISA  (see Materials &  Methods).

 Data represent  the mean  ±  S.D. at  OD]av. The  statjstical significance

 ef  differences was  analyzed  with  Student' t-test. ',
 pdl.05 compared

 with  control.  n,d.= not  detected

Effect of HMG  on  IVKI.i-positive cell  produced cytokines

regulating  suhsequent  11hl171h2 d(filerentiation in CFA-

OV;4  immunized  mice

   In the early  period of  immunization, cytokines  pro-

duced by NKI.1-positive cells have an  important role  in

subsequent  ThlrTh2  differentiation. Especially, NKT

cells  can  secrete large amounts  of  IFN-v and  IL-4 in re-

sponse  to stimulation.iO･'')  To  establish  the effect of

HMG  on  cytokine  produced  in early period of  CFA-

OVA  immunization, the production of IFN-y and  IL-4 in

culture  supernatants  of  ctCD3-stimulated  SPL  cells ob-

tained  the day after  immunization and  the last HMG

treatment, were  examined  (Fig.3-A,B). Additionally, the

production of  IFN-y and  IL-4 was  examined  using

NKI.1-depleted  SPL  cells (NKI.1' cells) in place of

whole  SPL  cells  (Whole cells).  Whole cells in immu-

nized  control  mice  preduced fairly 1arge arnounts  of

IFN-T  and  IL-4 (Fig.3-A,B). The  production depended

on  NKI.1  cells, because NKI.1-  cells  produced only  a

small  amount  of  IFN-y or  IL-4. However,  non-immunized

SPL  cells (non immune)  produced  considerable  amounts

of  IFN-v, but most  of  such  IFN-y production was  NKI.1

cells-independent.  There was  NKI.1  cell-independent

IL-4 production. The  production of IFN-v in Whole  cells

was  significantly  inhibited by HMG,  whereas  IL-4 pro-
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Fig. 3 Effect of  HMG  on  NK1.1-positive ceH  produced cytokines  regulating  subsequent  Thlfrh2 differentiation in CFA-OVA  immunized  mice.

 C57BLt6  mice  were  i.p. immunized  with  100pg  of OVA  in CFA  on  day O. The  mice were  orally  administered  IOOOrng.tkg of  HMG  on  
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Fig. S Suppressive effect  of  HMG  on  Th2  immune  response,

 C57BLt6 mice  were  i.p. immunized  with  4  pg of  OVA  in 4mg  of

 alum  on  day O. Ihe  mice  were  orally  administered  leOOmgtkg  of

 HMG  on  day e-J13. 0n  day  14, SPL  celts  {2.5 x  10Stwe]1) were

 pooled from 4-6  mice  in each  group and  cullured  with  5oo pgtml of

 OVA  for 96 hr. The  production of  IFN-y (Ulml) and  IL-4 (nglmi)
 in the supematants  was  measured  by ELISA  (see Materials &
 Methods). Data represent  the mean  ± S.D. at OD3oo. Tlie statistical

 significance  of  differences was  analyzed  with  Stuclent' t-test, '*,

 p<O.el  compared  with  control.  n.d.=  not  detected

immune  response  was  also  examined.  Immunization

with  alum-OVA  in place of  CFA-OVA  strongly  induced

production of  OVA-specific IgE in C57BL/6  mice.  As

shown  in Figure,4, the treatment  with  HMG  significantly

reduced  OVA-specific IgE  levels, though HMG  had al-
most  no  effect  on  OVA-specific  IgGl and  IgG2a levels.
St{mpressive ojTbct of HMG  on  71h2 immune response

   Likewise, we  examined  the effects of HMG  on  Thl

and  Th2 cytokine  productions from SPL cells  of  mice  on

day 14 after  alum  immunization. The  production of  IFN-

v in the culture  supernatants  of  OVA-stimulated  SPL
cells  was  significantly  increased by HMG  treatment

(Fig.5). The production of  IL-4 showed  no  change  by

HMG  treatment. On  the other  hand, there was  no  differ-

ence  in the proliferative response  of  SPL  cells  to OVA
between control  and  HMG  group (data not  shown).

Discussion

duction was  significantly  promoted, The  production of

IL-4 depended  on  NKI.1  cells, though  in the case  of

IFN-y, NKI.1  cell-independent  production remained.

These results indicated that HMG  regulated  Th11Th2 difi
ferentiation, mediated  by NKI.  1 cell-dependent  cytokine

production.

Effect of HMG  on  Ol4`L-specijic IgE  lgGl  and  igG2a
levels in serum  ofatum-OVA-immunized mice

   On  the  other  hand, the effect  of  HMG  on  the  Th2

   In the present study,  we  established  that the dual
regulatory  effect  of  HMG  achieved  ThIIIh2  balance in
both the Thl-predominant  immune  response  to CFA-
OVA,  and  Th2-predominant  immune  response  to alum-
OVA.  HMG  causes  a swing  back to Th2  from  the Thl-

predominance not  only  in autoimmune  MRL/ipr  mice as

previously reported,7'8) but also  in normal  strain  mice.

HMG  has a  regulatory  effect  on  Thltl]h2 differentiation
is confirmed  by  HMG-induced  changes  in opposite
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directions　of　OVA −specific　IgG2a 　and 　IgE　levels（Fig．1−

B，C），　or　IFN一γ and 　IL−4　production（Fig．2）．　 However，

HMG 　regulates 　Thlllh2 　differentiation　in　opposite 　di−

rections 　depending　on 　the　Th　lffh2　balance・　Thl　and

Th2 　cells 　are 　thought　to　be　differentiated　from　a　common

precursor　and 　the　direction　of 　Th 　cell 　differentiation　into

Thl 　and 　Th2　cells 　is　dependent　on 　exogenous 　cytokines

present　during　the　primary　antigenic 　stimulation 　of　naive

Tcells．　It　is　now 　well 　proved　that　the　potent　inducer　of

Thl　is　IL−12．
17 ） IFN一γ　is　reported 　to　induce　IL−12

production　from　yarious 　antigen 　presenting　cells 　and 　de−

velop 　Th 　l　cells．18・i9》Additionally　IFN一γinhibits　develop−

ment 　 of 　 Th2 　 cells．17・20）　 On 　 the　 other 　 hand，1L−4　 is

required 　fbr　the　differentiation　of 　naive 　T　cells　into　Th2

effector 　 cells ，2D　 The　production　 of 　IFN 一γ in　αCD3 −

stimulated 　SPL　cells 　obtained 　the　day　after 　immunization

was 　significantly　inhibited　by　HMG ，　whereas 　IL−4　pro−

duction　was 　significantly　promoted （Fig．3）．　 In　immu −

nized 　 mice 　treated　 with 　 or 　 without 　HMG ，　 their　IFN 一γ

and 　IL−4　productions　were 　depended 　on 　NK1 ユーpositive

cells，　To　explain 　the　mechanism 　of 　action 　of 　HMG ，　the

participation　of 　NKL1 −positive　cells　is　suggested ．

Especially，　NKT 　ceUs 　represent 　a　unique 　lymphoid　line−

age 　and 　consist 　of　a　single　invariant　V ｛x14 −Jα 281　chain

and 　V β8．2，　V β7，0r　V β222・
23） can 　secrete 　large　amounts

of 　IFN一γ and 　IL−4　by αCD30r α 一galactosylceramide

（｛x−GalCer），10・11） Therefbre，　they　can 　regulate 　Th1 ／Th2

balance　in　opposite 　directions．　 NKT 　cells 　are 　not 　essen
−

tial　for　the　induction　of　IgE　responses 　but　rather　induce

supPression 　of 　specific 　IgE　productlon　upon 　actlva−

tion．2425 ） Coadministration　of α一Ga1Cer　and 　protein　Ag

in　CFA 　promotes　the　differentiation　of　Ag −specific 　CD4

Tcells 　into　Th2　 cells ，　 which 　results 　in　a　profbund　in−

crease 　in　Ag −specific 　IgE　Ab．26） The 　regulatory 　effect 　of

HMG 　on 　cytokine 　productions　from　NKLl 　 cells ，　pre−

sumably 　V α 14NKT 　cells　in　early　period　of 　immuniza−

tion　is　suggested 　to　lead　to　the　change 　of 　OVA −specific

antibody 　in　Th1 −，　or 　Th2 −predominance，　though 　the　evi
−

dence　for　this　is　incomplete．　 Since　HMG 　prevents　the

loss　of 　V α 14NKT 　cells 　which 　play　a　cnlcial　role 　in　con −

trolling　the　development　of　autoimmune 　diseases　in

MRL ／lpr　mice ，　HMG 　may 　activate 　Va14NKT 　cells ．

　　　In　conclusion ，　HMG 　has　dual　regulatory 　effect　on

Thl 　 rTh2 　balance　in　bo舳 e　Th　1−preClominant　immune

response 　to　CFA −OVA 　and 　Th2−predo血 nannt 　immune

response 　to　alum −OVA ．　In　the　effect　of 　HMG ，　participa一

tion．of　cytokine 　productions　from　NKI ．1cells，　presuma −

bly　V α 14NKT 　cells ，　in　early 　period　of 　immunization　is

suggested 血ough 　further　study 　is　needed 　to　obtain　clear
−

cut 　evidence ．

和 文 抄 録

　フ ロ イ ン ドの 完全 ア ジ ュ
バ ン ト （CFA ）は，抗原特異

的 な 高 lgG2a 産生 お よ び 低 lgE の 産 生 を 伴 い ，　 Th1 優

位 な 免疫反 応 を 誘 導 す る。漢方方剤 で あ る 八 味地黄丸

（HMG ）を ，　 CFA 免疫 前 1週 間 お よ び免疫後 2週間経 LI

投与 す る と，CFA 免疫 マ ウ ス の 抗原特異的な IgG2a産

生 が低下 し，IgE産 生 が亢進 した 。 抗原特異的 な IFN一γ

産生 も HMG 投与 に よ り有意 に抑制 され た が ，　 IL−4 に っ

い て は増加傾向に と ど ま っ た 。 さ らに ，CD3 抗体 を 用い

て ，ナ イ ーブ 丁 細胞 へ の
一

次抗原刺激 を 行 っ た 場合 の

IFN 一
γ お よ び IL−4 産生 は，　 NK1 ．1 細胞依存 的 に そ れ ぞ

れ 減少 （IFN 一
γ ）と増 加 （IL−4）を 示 し た 。

一
方，水 酸 化

ア ル ミ ニ ウ ム （alum ）は，抗原 特異 的な 高 IgE産生 と低

IgG2a産生 を伴 い ，　 Th2 優位 な 免 疫 反応 を 誘導す る 。

alum 免疫後 に 2週間 HMG を 投与 す る と，抗原特異的

な IgE の 産 生 抑 制 が 誘 導 され た。抗原特異的な IFN 一
γ産

生 は HMG 投与 に よ り著 し く増 加 した。こ れ ら の 結果 か

ら，HMG は，ナ イ
ーブ T 細胞 へ の 一

次抗原 刺激時 に，

NK1 ，1細胞 か らの IFN一γ お よ び IL−4産 生 を 介 して ，ア

ジ ュ
バ ン トに よ っ て 誘導 さ れ た Th1 お よ び Th2 優 位 な

免疫反応 の 両方 に お い て 二 面的 な 調節作用 を 有す る こ と

が 示 唆 さ れ た 。

＊
〒933 −0856　富 山県 高 岡市鐘紡 町 3−1

カ ネ ボ ウ 漢方 ヘ ル ス ケ ア 研 究 所 臨 床薬理 研究 グル
ー

プ
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