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The thymec tomy of  some strains of  mice dur ing the critical neonatal  period (NTx),X 
day 2-4 after birth was reported from this laboratory to induce various organ-specific 
au to immune  diseases such as oophoritis (1-3), gastritis with megaloblastic anemia  
(4), thyroiditis (5), orchitis (6), and coagulat ing gland adenitis of  the prostate (6). 
This experimental model is quite unique in that  the diseases develop without  any 
exogeneous sensitization by antigens; furthermore,  the spectrum of  organs affected, 
histological features, and the existence of  organ-specific autoantibodies are quite 
similar to those observed in h u m a n  organ-specific au to immune  diseases. Recently,  it 
was demonstrated (7) that  au to immune  oophoritis could be adoptively transferred 
successfully into syngeneic newborn mice with splenic T cells obtained from NTx 
mice with oophoritis. The  gastritis as well as the oophoritis also could be transferred 
into syngeneic adult  a thymic  nude mice with resulting organ-specific lesions and 
circulating autoantibody(ies) (8). 

Serological investigation of  cell surface antigens on mouse T cells in recent years, 
particularly Lyt antigens (9, 10), has made  it possible to dissect functionally different 
T cell subpopulat ions and to characterize T cells at part icular  differentiation stages. 
In this report we have a t tempted  to characterize the cell surface antigens and other 
immunobiological  features of  the spleen cells responsible for adopt ive transfer of  the 
au to immune  oophoritis into newborn mice or a thymic  nude mice. The  findings 
obtained suggest that  cell-mediated immuni ty  quite similar to delayed-type hypersen- 
sitivity (DTH) reactions was involved in the destruction of  the ovaries in NTx  mice. 
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TABLE I 

Description of Antisera 

Antiserum Autoantibodies Specificity de- Cytotoxic titer* 
absorbed with tected 

AKR/Ms anti-C3H/He Thy~: 
C3H/An anti-C3H.CE-Lyt-I.2:DSII Thy 
(C3H/An × B6-Lyt-2~)F1 anti-ERLD 
C58 anti-C58.CE-Lyt-3.2:DS Thy 
B6 anti-B6-TL ~ Thy 

A.TH anti-A.TL Spl + LNC 

A-Thy-I a Thy Thy-l.2 640 1,280 
B6-Lyt-I a Thy Lyt-l.2 80-160 
B6-Lyt-2 ~ Thy Lyt-2.2 160-320 
B6-Lyt-2",3" Thy Lyt-3.2 640-1,280 
B6 Thy TL-1,2,3§ 2,560 5,120 

Qa- 1§ 320-640 
A.TH Thy Iak¶ 5,120-10,240 

* Titer: the dilution of antisera yielded 50% target cell killing. 
:~ Thy, thymocytes; Spl, spleen cells; LNC, lymph node cells; ERLD, radiation-induced leukemia of B6. 
§ TL-I,2,3 specificity can be detected when B6-TL a thymocytes were used as target cells. Qa-1 specificity 

was detected when B6-TL a lymph node cells were used as target cells. 
11 Derived stock. 
¶ This antiserum was used to detect Ia antigens on A/J  spleen cells coded by IABjE subregions. 50-60% of 

cells were lysed at dilutions of 1:10,240. No Ig + cells remained after treatment with this antiserum and C. 
This antiserum also showed cytotoxicity against 50-60% of BALB/c spleen cells, probably due to Ia-7 
specificity (14), and no Ig + cells remained after the treatment. 

were given by Dr. T. Hamaoka ,  Osaka Universi ty School of Medicine,  Osaka, J a p a n ,  and  
A / J  was supplied by Dr. K. Moriwaki,  Inst i tute  for Genetics, Misima,  J apan .  O t h e r  inbred  
mice were ob ta ined  from our  breeding colony. B A L B / c  (nu/nu) and  their  heterozygous 
l i t termates were kindly supplied by Dr. K. Suzuki, Ins t i tu te  of Medical  Science, Universi ty  of 
Tokyo, Tokyo, J apan .  Thy-1, Lyt, and  Qa-1 phenotypes  of A / J  and  B A L B / c  are Thy-1.2, Lyt- 
1.2, 2.2, 3.2, Q a-I +, and  Thy- l .2 ,  Lyt-l .2,  2.2, 3.2, Q a - l - ,  respectively. 

Antisera. The  ant isera against  Thy-1,  Lyt, Ia, and  Qa-1 ant igens were prepared  in this 
laboratory according to standard,  methods (11-14); Specificity and  activity after absorpt ion of 
autoant ibodies  are listed in Table  t. Ant i - thymocyte  serum (ATS) was produced by immuniz ing  
female New Zealand  white rabbi ts  with  ASL-1 T cell leukemia cells (15). 

Preparation of Cell Suspensions and Bulk Treatment of Cells with Antisera and Complement (C). Bulk 
t rea tment  of spleen cells with ant isera and  nontoxic  rabb i t  C was carried out  according to the 
methods of Nakayama  et al. (16). Briefly, 1.0-1.5 × 10 v spleen cells were suspended in 0.2 ml 
of med ium 199 (Gibco Laboratories,  Grand  Island Biological Co., Grand  Island, NY) with 2% 
fetal calf  serum (Gibco Laboratories) conta in ing  the appropr ia te  an t i serum at a final d i lu t ion 
of 1:7 in the case of ant i-Thy-1,  anti-Lyt,  and  anti-Qa-1 t rea tment  or at 1:10 for ant i - Ia  k 
t reatment .  When  cells were t reated with goat ant i -mouse IgG (Miles-Yeda, Rehovot ,  Israel), 
NaN3 was added to the med ium at a final concentra t ion  of 0.1% (17). After 30 min incuba t ion  
at 4°C, 0.75 ml of C di luted 1:8 was added,  and  incubat ion  was cont inued  for ano the r  30 min  
at 37°C. The  cells thus t reated were washed twice and  then suspended in 0.02 ml for t ransfer  
into newborn  mice or in 0.2 ml for t ransfer  into adul t  nude  mice. 

NTx. Thymus  was removed on day 3 (the day of b i r th  as day 0) under  e thyl-ether  anesthesia  
as previously described (1, 2). 

Preparation of Syngeneic Ovary Homogenates. The  prepara t ion  of ovary homogenates  was carried 
out as follows: the ovaries of A / J  mice, frozen at - 7 0 ° C ,  were homogenized and  sonicated wi th  
U hr a - T u r r ax  sonicator (Ika Werk, Breisgau, Federal  Republ ic  of Germany)  in Ca  ++- and  
Mg++-free Dulbecco's phosphate-buffered saline on ice, and  al iquots of 50 mg/0 .5  ml were 
stored at - 7 0 ° C  unti l  used. 

Serological and Histological Examination. All mice used in the experiments  were bled, and  the  
separated sera were used for the examinat ion  o f a u t o a n t i b o d y  against  oocytes by test ing against  
cryostat sections of ovaries a t tached  to multi-well slide glasses coated with Fluorogride (Daikin 
Kogyo Co. Ltd., Osaka, J a p a n )  by indirect immunofluorescence tests (IF) (18). Ovaries and  
other  organs were fixed in 10% formalin solution, embedded  in paraffin,  sectioned, and  then 
stained with hematoxyl in  and  eosin (HE) for histological examinat ion.  

In Vivo Cyclophosphamide (CY) and A TS Treatment and In Vitro Irradiation. NTx A/J mice at 2 
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mo of age received intraperitoneal injections of 200 mg/kg CY (Shionogi Co. Ltd., Osaka, 
Japan) 2 d before treatment with ovary homogenates or subcutaneous injection of 0.5 ml of 
ATS 2 d after treatment with ovary homogenates. Spleen cells were irradiated in vitro just 
before transfer with the dose of 400 R by a Toshiba X-ray source at a dose rate of 90 rad/min. 

Transplantation of Newborn Ovary under Renal Capsule. Ovaries of newborn mice were trans- 
planted with a fine pasteur pipet into the subcapsular space of the kidney after exposure by 
retroperitoneal incision. The incision was closed with clips after the operation. 

Adoptive Transfer Systems. Oophoritis was observed in 92% of NTx A/J mice at the age of 2 
mo, which was the highest incidence among >10 inbred mouse strains studied thus far (19). 
NTx A/J mice at 60 d of age received intraperitoneal injections of 0.5 ml syngeneic ovary 
homogenates and were killed 4 d later. Spleen cells of the mice whose ovaries were completely 
involuted were used as donors for the adoptive transfer experiment. Spleen cells (4 × 10 ) were 
treated with various antisera plus C and were injected intraperitoneally into syngeneic newborn 
A/J mice within 24 h after birth. The mice were killed 7 d after transfer, and the ovaries and 
other organs were carefully removed for histological examination. 

When BALB/c (nu/4- or 4-/4-) were thymectomized 3 d after birth, there was a 26% 
incidence of oophoritis at 2 months of age (8, 19). Spleen cells from NTx BALB/c mice with 
the disease were treated with antisera and C and injected intravenously into 5-6 week old 
recipient female BALB/c nude mice. 6 wk after transfer recipient mice were killed, and 
histological and serological examinations were carried out. 

R e s u l t s  

Involution of Affected Ovaries after Treatment with Syngeneic Ovary Homogenates. In  the 
adoptive transfer experiments,  syngeneic ovary homogenates  were injected 4 d before 
killing into 2-mo-old NTx  A / J  mice. At the t ime of killing, the total weight of bilateral  
ovaries removed from NTx mice with or without  inocula t ion of ovary homogenates 
and  from normal  control mice was measured (Fig. 1). The  mean  weight of normal  
ovaries was 10-13 mg, average 11.4 mg, at 2 mo of age, a nd  that  of ovaries from N Tx  
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F[o. 1. Involution of affected ovaries by treatment with syngeneic ovary homogenates. The total 
weight of bilateral ovaries obtained from the following three groups was measured on a tortion 
balance: (a) 2-mo-old female A/J  mice (control), (b) NTx mice, and (c) NTx mice pretreated with 
syngeneic ovary homogenates 4 d before killing. O, normal ovaries in control mice; O, affected 
ovaries; and A, intact ovaries in NTx mice. Vertical bars show standard errors of the means. 
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mice  wi th  oophor i t i s  r a n g e d  f rom 1 to 10 rag, ave r age  6.4 rag. T h e  ovar ies  o f  N T x  

mice  in jec ted  w i t h  o v a r y  h o m o g e n a t e s  were  acu te ly  i n v o l u t e d  a n d  w e i g h e d  < 2  mg,  

ave rage  0.9 mg. His to log ica l ly ,  r i p e n i n g  follicles a n d  c o r p o r a  lu t ea  were  no t  obse rved  

in the  ovar ies  o f  N T x  mice  where  in f i l t r a t ion  o f  m o n o n u c l e a r  cells was no ted ,  as 

p rev ious ly  desc r ibed  (3). T h e  ovar ies  o f  N T x  m i c e  t r e a t ed  w i t h  o v a r y  h o m o g e n a t e s  

were  c o m p l e t e l y  i n v o l u t e d  to a t r ace  mass,  a n d  severe  in f i l t r a t ion  w i t h  m o n o n u c l e a r  

cells was observed .  

Lyt-1 Cells but Not Lyt-23 Cells have the Capacity to Transfer Autoimmune Oophoritis into 
Newborn Mice. W h e n  spleen cells f rom N T x  mice  w i t h  i n v o l u t e d  ovar ies  a f te r  

t r e a t m e n t  w i t h  o v a r y  h o m o g e n a t e s  were  in jec ted  i n t r a p e r i t o n e a l l y  in to  n e w b o r n  A / J  

mice ,  d a m a g e  to n e w b o r n  ovar ies  cou ld  usua l ly  be  obse rved  w i t h i n  1-2 d a f te r  cell  

t ransfer ;  h i s to logica l  c h a n g e  was dis t inct  w h e n  e x a m i n e d  at day  7. W h e n  the  sp leen  

cells t r ea t ed  w i t h  an t i -Lyt -1  a n d  C were  t ransfe r red ,  no  p a t h o l o g i c a l  a l t e r a t i o n  o f  

rec ip ien t  ovar ies  was obse rved  (Fig. 2 A a n d  B). O n  the  o t h e r  h a n d ,  w h e n  the  s a m e  

FIGS. 2 AND 3. Histology of ovaries of newborn A/J mice injected intraperitoneally with anti- 
Lyt-l-treated (Fig. 2) or anti-Lyt-2-treated (Fig. 3) spleen cells obtained from NTx mice with 
oophoritis. As seen in Fig. 2 A and B, many ripening and primordial follicles can be observed when 
transferred spleen cells were pretreated with anti-Lyt-1 and C. In contrast, the oophoritis is clearly 
induced as shown in Fig. 3 A and B when spleen cells were pretreated with anti-Lyt-2 and C. 
Follicular structure is completely absent and massive infiltration with mononuclear cells is noted. 
(liE stain, Figs. 2 A and 3 A, × 40; Figs. 2 B and 3 B, × 200). 
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s p l e e n  cel l  p o p u l a t i o n  w a s  t r e a t e d  w i t h  a n t i - L y t - 2  o r  a n t i - L y t - 3  p l u s  C a n d  t h e  

r e m a i n i n g  L y t - l + , 2 3  - ce l l s  w e r e  t r a n s f e r r e d  i n t o  n e w b o r n  l i t t e r m a t e s ,  t h e  r e c i p i e n t s '  

o v a r i e s  w e r e  c o m p l e t e l y  d e s t r o y e d  w i t h  s e v e r e  i n f i l t r a t i o n  o f  m o n o n u c l e a r  ce l l s  as  

s h o w n  in  F ig .  3 A a n d  B. O t h e r  o r g a n s  w e r e  h i s t o l o g i c a l l y  i n t a c t ,  i n d i c a t i n g  t h a t  t h e  

l e s i o n  w a s  s p e c i f i c  fo r  o v a r i e s .  T h e  r e s u l t s  o f  t r a n s f e r  e x p e r i m e n t s  w i t h  n e w b o r n  

l i t t e r m a t e s  ( T a b l e  II)  c l e a r l y  d e m o n s t r a t e d  t h a t  L y t - 1  ce l l s  b u t  n o t  L y t - 2 3  ce l l s  h a d  

t h e  c a p a c i t y  to  t r a n s f e r  o o p h o r i t i s .  B e c a u s e  t h e  t r e a t m e n t  w i t h  o v a r y  h o m o g e n a t e s  

m i g h t  h a v e  i n d u c e d  L y t - 1  e f f e c t o r  ce l l s  de novo, t h e  L y t  p h e n o t y p e s  o f  e f f e c t o r  s p l e e n  

ce l l s  f r o m  u n t r e a t e d  N T x  m i c e  w e r e  s t u d i e d  a n d  w e r e  a l so  f o u n d  to  b e  L y t - l + , 2 3  - 

( T a b l e  I I ,  e x p e r i m e n t s  12 -14 ) .  

Absence of Ia and Qa-1 Antigens on Effector Spleen Cells. W h e n  t h e  s p l e e n  ce l l s  

c o n t a i n i n g  t h e  e f f e c t o r  T ce l l s  w e r e  t r e a t e d  w i t h  a n t i - I a  k s e r u m  ( A . T H  a n t i - A . T L )  

p l u s  C a n d  t h e n  t r a n s f e r r e d  i n t o  n e w b o r n  A / J  m i c e ,  t h e  r e c i p i e n t  m i c e  d e v e l o p e d  

o o p h o r i t i s .  E x p r e s s i o n  o f  Q a - 1  a n t i g e n  o n  e f f e c t o r  T ce l l s  w a s  a l s o  s t u d i e d ,  a n d  it w a s  

f o u n d  t h a t  e l i m i n a t i o n  o f  Q a - 1  + ce l l s  w i t h  a n t i - Q a - 1  a n d  C d i d  n o t  i n t e r f e r e  w i t h  t h e  

c a p a c i t y  to  t r a n s f e r  o o p h o r i t i s  ( T a b l e  I I I ) .  

No H-2 Restriction in Effector Phase of Adoptive Transfer. T o  k n o w  w h e t h e r  c o m p a t i -  

b i l i t y  a t  t h e  m a j o r  h i s t o c o m p a t i b i l i t y  c o m p l e x  w a s  n e c e s s a r y  in  o u r  a d o p t i v e  t r a n s f e r  

TABLE II 

Adoptive Transfer of Oophoritis into A/J  Newborn Mice." Requirement of Lyt-]+,23 - Cells 

Treatment of Experiment number Number 

spleen cells oophoritis/ 

1(3)* 2(3) 3(4) 4(3) 5(4) 6(4) 7(3) 8(4) 9(3) 10(4) 11(3) 12:~ 13¢ 14:~ total 

(3) (3) (3) 

NMS§ ++ll + +  + +  + +  + +  + +  + +  + +  + +  + +  + +  + + + 14/14 
Anti-Lyt- 1.2 - - + + . . . .  2/14 

Anti-Lyt-2.2 + +  + +  + +  + +  + +  + +  + +  7/7 

Anti-Lyt-3.2 + +  + +  + +  + +  + + + 7/7 

Anti-Lyt- 1.2 + + +  + +  + + +  + +  5/5 
anti-Lyt-2.2¶ 

* Number of one littermate in parentheses. Each experiment was performed using newborn female littermates. 
:~ Spleen cells used for adoptive transfer were obtained from A/J NTx mice that had not received ovary homogenates. 
§ Normal morose serum. 
II ++: ovaries of recipient newborn mice were completely destroyed (Fig. 3 A and B). +: more than one-half of the follicles were destroyed, 

cellular infiltration was observed, but intact follicles and oocytes still remained. -: neither cellular infiltration nor damage of follicles were 
observed (Fig. 2 A and B). 

¶ Mixture of two cell populations: anti-Lyt-1 treated cells and anti-Lyt-2 treated cells. 

TABLE III 

Adoptive Transfer of Oophoritis into A/J  Newborn Mice: Effector Cells Were la- and O a-Z- 

Treatment of Experiment number Number 
spleen cells oophoritis/ 

1 (4)* 2 (3) 3 (5) 4 (3) 5 (3) 6 (4) 7 (4) total 

NMS:]: ++§  + +  + +  + +  + +  + +  + 7/7 
+ +  

Anti-Qa- 1 + +  + + + + - 6/7 

Anti-Ia k + +  + +  + +  + + +  + 6/6 

Anti-Thy- 1.2 . . . . . .  0/6 

* Number of one littermate indicated in parentheses. 
§ Normal mouse serum. 
:~ ++,  +, - :  see note to Table II. 
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TARI~E IV 

Sensitivity of Effector Cells to A TS, CY, or X Irradiation 

Treatment* Results of transfer 

--~ + ++ 

In vivo ATS 6 0 0 
0.5 ml subcutaneously 

In vivo cyclophosphamide 0 3 3 
200 mg/kg intraperitoneally 

In vitro X-ray irradiation 0 2 4 
400 rad 

* ATS was administered 2 d before killing of NTx A/J  mice pretreated with 
ovarian homogenates. CY was administered 2 d before treatment with the 
homogenates. X-ray irradiation was performed in vitro against spleen cells 
from NTx A/J  mice pretreated with the homogenates. 
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Fic. 4. Transfer of the oophoritis into syngeneic athymic nude mice as demonstrated by auto- 
antibodies against oocytes and histological examination. Spleen cells (4 × 107) obtained from NTx 
BALB/c (+/?) mice with oophoritis were injected intravenously into athymic BALB/c nude mice. 
These mice were killed at 10, 20, and 30 d after transfer and the ovaries of the recipients were 
histologically examined and titers of antioocyte autoantibody were studied by 1F. C), intact ovary; 
~,  damage of more than half of the follicles with loss of oocytes and cellular infiltration were 
observed, but intact follicles and oocytes still remained; O, almost all follicles and oocytes were 
destroyed and severe infiltration of inflammatory cells were observed. Autoantibodies against 
ooplasm and/or zona pellucidae were detected in the sera of nude mice with damaged ovaries. 
Vertical bars show the standard errors of the means. 

sys tem,  t h e  sp l een  cells f r o m  A / J  m i c e  w i t h  o o p h o r i t i s  we re  t r a n s f e r r e d  i n t o  a l l o g e n e i c  

n e w b o r n  m i c e  ( C 3 H ,  B A L B / c ,  A . T H ,  a n d  B6),  a n d  t h e i r  ova r i e s  w e r e  e x a m i n e d  4 d 

a f t e r  t r ans fe r .  T h e  resu l t  d e m o n s t r a t e d  t h a t  o o p h o r i t i s  c o u l d  b e  success fu l ly  t r a n s f e r r e d  

i n to  al l  these  a l l o g e n e i c  n e w b o r n  m i c e  i n c l u d i n g  B6 (H-2b),  w h i c h  does  n o t  s h a r e  a n y  

c o m m o n  H - 2  or  I r eg ion  h a p l o t y p e  w i t h  A / J  mice .  N o  cell  i n f i l t r a t i o n  i n t o  o t h e r  

o r g a n s  or  t issues t h a n  ovar i e s  was  o b s e r v e d ,  s u g g e s t i n g  t h a t  t h e  a c t i v i t y  o f  e f fec to r  

cells was  specif ic  for  ova r i e s  a n d  t h e  d a m a g e  to oocy te s  was  n o t  d u e  to  g ra f t -v s . -hos t  

r eac t ions .  

Effector Cells Were Sensitive to A TS  but Resistant to C Y  Treatment or In Vitro 
Irradiation. S p l e e n  ceils o b t a i n e d  f r o m  N T x  mice ,  i n j e c t e d  s u b c u t a n e o u s l y  w i t h  0.5 

m l  o f  A T S ,  c o u l d  no t  t r a n s f e r  o o p h o r i t i s  i n t o  n e w b o r n  mice .  In  c o n t r a s t  t h e  a c t i v i t y  

o f  e f fec to r  cells was  no t  a f f ec t ed  b y  i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  200 m g / k g  C Y  

( T a b l e  IV) .  S p l e e n  cells, w h i c h  we re  X i r r a d i a t e d  in v i t ro  w i t h  400  r a d ,  still  r e t a i n e d  

t he  t r a n s f e r  ac t iv i ty .  
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Fro. 5. Lyt- 1. cells in NTx BALB/c mice have the capacity to transfer the oophoritis into syngeneic 
nude mice as demonstrated by titration of autoantibodies and histological examinations. Spleen 
cells (4 × 10 7) obtained from NTx BALB/c  (+/?) mice with oophoritis were treated with various 
antisera and C, as described in Materials and Methods. The  treated spleen cells were injected 
intravenously into BALB/c  female nude (nu/nu) mice, and these mice were killed at 6 wk after 
transfer. The  histology of the recipient ovaries and titers of  anti-oocyte autoant ibody in the sera 
were examined. NMS, normal mouse serum. O, ~ ,  O, see legend in Fig. 4. Vertical bars indicate the 
s tandard errors of the means. 
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Adoptive Transfer of Autoimmune Oophoritis into Athymic Nude Mice. Spleen cells from 
NTx BALB/c (nu/+ or + / + )  mice with oophoritis were transferred into syngeneic 
adult female nude mice. Recipient nude mice were killed at 10-d intervals after the 
transfer to assess the degree of ovarian injury and the titers of circulating autoanti- 
bodies (Fig. 4). The results showed that within 1 mo the oophoritis could be adoptively 
transferred with accompanying generation of autoantibodies against oocytes. Organs 
other than ovaries were histologically intact. 

Lyt-1 Cells Can Transfer the Oophoritis into Nude Mice. When Thy-1 + cells were 
removed from spleen cells from NTx BALB/c with oophoritis, transfer activity was 
completely abolished, indicating that the capacity to transfer oophoritis was T cell 
dependent (Fig. 5). These T cells were further divided according to Lyt phenotype; 
Lyt-l+,23 - cells, left after treatment with anti-Lyt-2 or anti-Lyt-3 plus C, could 
transfer the oophoritis accompanying high titers of circulating anti-oocytes autoanti- 
bodies, whereas Lyt-1-,23 + cells could not. 

Newborn Ovaries Transplanted into Athymic Nude Mice with Adoptively Tramferred Oophoritis 
Were Destroyed within 48 h. When ovaries from syngeneic newborn mice were trans- 
planted under the renal capsule of athymic nude mice that had developed oophoritis 
after transfer of Lyt-1 spleen cells from NTx BALB/c with oophoritis as described 
above, inflammatory damage of the transplanted ovaries was observed at 24 h after 
transplantation (Fig. 6 A). At 48 h, transplanted ovaries were completely destroyed 
and cellular infiltration seemed to have already subsided (not shown). In contrast, 
when newborn ovaries were transplanted into nude mice that had received anti-Thy- 
1-treated spleen cells from NTx mice bearing oophoritis, they were histologically 
intact, as observed in Fig. 6 B. 

Discussion 

The present experiments of adoptive transfer of postthymectomy autoimmune 
oophoritis clearly demonstrated that the disease could be transferred into syngeneic 
newborn mice or athymic nude mice with T cells alone. Furthermore, the Lyt-1 
subpopulation was shown to be responsible for successful transfer in both transfer 
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Fro. 6. Histology of the newborn ovaries transplanted under the kidney capsule of BALB/c nude 
mice which had received an intravenous injection of Lyt-I spleen cells from syngeneic (+/?) NTx 
mice with oophoritis. (A) At 24 h after transplantation, diffuse infiltration of monoclear ceils and 
damage of follicles are noted. On the other hand, newborn ovaries remained intact when they were 
transplanted into nude mice which had been injected with anti-Thy-l-treated spleen cells and 
examined at 48 h after transplantation (B) (HE stain, × 200). 

systems. The  following functions have been so far assigned to Lyt-1 subsets: he lper  T 

cell for an t i body  format ion  (TH) (20, 21), effector T cell in D T H  (TDTn) (22, 23), 
ampl i f ica t ion  of  cytotoxic T cells (24), and  o ther  regula tory  functions (25). F rom the 
results of  newborn  transfer  exper iments ,  effector T cells seem to per form their  funct ion 
in a manne r  s imilar  to TOTH for the  fol lowing reasons: (a) the Lyt pheno type  of  the 
effector cells was Lyt- l+ ,23 - ,  which was the same as tha t  of  TDTH (22, 23) a n d  different 
from that  o fcy to tox ic  T cell, Tc,  L y t - l - , 2 3  +, or Lyt-l÷,23+(9,  17); (b) the  f inding tha t  
CY t rea tment  and  in vitro low dose X- ray  i r rad ia t ion  d id  not  interfere wi th  the  
transfer act ivi ty  is in agreement  wi th  the character is t ics  so far repor ted  for TDTH (26- 
29); (c) histological  features, such as the r emarkab le  inf i l t ra t ion of  mononuc lea r  cells 
and  destruct ion of  follicles in recipient  ovaries, suggested tha t  effector T cells and  
large n u m b e r  of  recrui ted cells, inc luding  ac t iva ted  macrophages ,  might  be responsible 
for the tissue des t ruct ion as in D T H  (30); (d) the recipient  ovaries were affected as 
early as 1-2 d after spleen cell transfers. This  t ime course of  tissue injury was also 
ascer ta ined by  the observat ion tha t  newborn  ovaries t r ansp lan ted  under  the renal  
capsules of  nude  mice with  oophori t i s  were d a m a g e d  wi th in  24-48 h after  t ransp lan-  
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tation (Fig. 6); (e) there existed no H-2 restriction in the effector phase of transfer, in 
contrast to Tc. This result does not contradict the genetic restriction of adoptive 
transfer in the classical D T H  reaction (31, 32) where antigen presentation is required 
to obtain DTH reaction, which is in contrast to our newborn transfer system where 
only the direct effects of Lyt-1 cells on target cells could be observed. Recently, several 
important reports were published concerning the biological function of TDTn. Love- 
land et al. (33) demonstrated that primed Lyt-1 cells, but not Lyt-l,23 or Lyt-23 To, 
caused skin allograft rejection, and suggested that allografts were rejected mainly by 
a mechanism similar to DTH.  Furthermore, in the H-Y antigen system, a close 
relationship was demonstrated between Lyt-1 TDTn and in vivo male graft rejection 
by two groups of investigators (34, 35). Therefore, it is conceivable that TDTn, not Tc, 
may play an important role in "autograft" rejection in our autoimmune disease 
model. Recently, the requirement for Lyt-1 cells was reported (36) for the adoptive 
transfer of experimental autoimmune encephalomyelitis in mice. It should be noted 
that Waksman (37) had already proposed the hypothesis, in 1959, that pathological 
lesions underlying a number of organ-specific autoimmune diseases were of the D T H  
type. 

In the other adoptive transfer experiments using nude mice, the Lyt phenotype of 
the effector cell population was also found to be Lyt-l+,23 -, i.e., Lyt-1 cells alone 
without committed B cells could transfer the disease with concomitant generation of 
circulating autoantibodies against oocytes. This result implies that the Lyt-1 popula- 
tion in transferred spleen cells contained TH to cooperate with virgin B cells in the 
recipient nude mice for autoantibody formation in addition to effector T cells similar 
to TorN. Because B cells competent for forming autoantibodies could not transfer the 
disease when transferred without committed T cells, Lyt-1 cells seem to be absolutely 
required probably as direct effector cells. The possibility, however, still remains that 
autoantibodies produced by the help of transferred TH might play some role on target 
organ damage, as destruction of the ovaries of recipient nude mice takes 20-30 d after 
transfer. One of the approaches to study further the role of Toa~ and TH among 
Lyt-1 cells is to find new surface antigens that distinguish these two types of T cells. 
Another approach is to establish clones of effector T cells that can attack target tissue 
and/or  of Tn  for autoantibody formation by the aid of T cell growth factors. Ben- 
Nun et al. (38) have established a T cell line that reacts with basic myelin protein and 
have successfully induced clinical paralysis in syngeneic rats within 2-3 d after 
inoculation of cloned T cells. These findings clearly indicated that T cells alone were 
sufficient to mediate experimental autoimmune encephalomyelitis. 

In this study, only the effector cell population involved in autoimmune oophoritis 
was characterized, but it is probable that effector cells with similar characteristics 
cause other postthymectomy autoimmune diseases as well. Because in this model, the 
spectrum of organs affected and immunopathological features of individual diseases 
are similar to those of human organ-specific autoimmune diseases, it is conceivable 
that T cell-mediated immunity similar to D T H  might play an important role in 
damaging target organs in human organ-specific autoimmune diseases as well. 

S u m m a r y  

Neonatal thymectomy during the critical period, 2-4 d after birth, can induce 
various organ-specific autoimmune diseases including oophoritis in A/J  mice. The 



1574 Lyt-I EFFECTOR CELLS IN POSTTHYMECTOMY AUTOIMMUNE DISEASE 

oophoritis thus induced was passively transferred into neonatal  mice by injection of  
spleen cells obtained from syngeneic donors with the disease. Recipient ovaries were 
rapidly damaged  with remarkable mononuclear  cell infiltration and destruction of  
follicular structures. The  phenotype of  effector cells responsible for successful adoptive 
transfer was found to be Thy-1 +, Lyt-l+,23 -,  Ia- ,  Q a - l - ,  and was sensitive to anti- 
thymocyte serum treatment  but  resistant to cyclophosphamide t reatment  or in vitro 
X-ray irradiation. The  compatibi l i ty between donor  and recipient at the major  
histocompatibility complex was not required for the effector phase of  transfer. 

The oophoritis induced in BALB/c  (nu/+ or + / + )  was also shown to be 
transferred into a thymic  B A L B / c  nude mice with resulting ovarian lesion and 
circulating autoantibodies against oocytes. In this transfer system, the effector cells 
were also demonstrated to be T cells with the Lyt-1+,23 - phenotype.  

Adoptive transfer experiments in both systems revealed that  the destruction of  
ovaries in pos t thymectomy au to immune  oophoritis was mediated by Lyt-1 T cells. 
Whether  these T cells can be distinguished from other Lyt-1 cells, such as T helper 
cells and effector T ceils in delayed-type hypersensitivity (DTH),  is not clear at 
present, but  the results suggest that  the effector mechanisms may  be closely related to 
a D T H  reaction. 
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