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A decline in immune responsiveness with age has been well documented (1-10). It 
is known that the B cell function of aged mice is relatively more intact than T cell 
function, at least quantitatively. Qualitative differences in B cell function do exist, 
including a decreased affinity of antibody produced by cells from old mice (3) and an 
enhanced tendency to produce autoantibodies (1). In a previous report (11) we have 
suggested that part  of the age-associated decline in the immune response is due to an 
increased production of auto-antiidiotype antibodies (anti-Id) 1 by old mice (11). A 
high auto-anti-Id response by aged animals was also suggested by studies of Kl inman 
(12). Such an increase in auto-anti-Id has been demonstrated in both thymic-inde- 
pendent (13) and thymie-dependent (14) responses. We describe here a series of 
experiments that analyze the cellular basis for the increased production of auto-anti- 
Id during the immune response of aged mice to trinitrophenylated-lysyl-Ficoll (TNP- 
F). We sought to determine whether the elevated production of auto-anti-Id by old 
mice is stable upon transfer of spleen cells to irradiated recipients, and whether B or 
T cells were primarily responsible for this phenomenon. The results to be reported 
support the view that this age-related alteration in the immune response reflects a 
change in the peripheral mature  B cell population rather than a change in the 
immature  B cell population in the bone marrow, and that peripheral T cells play an 
important  role in determining this property of peripheral B cells. 

Ma te r i a l s  a n d  M e t h o d s  
Animals. AKR/J  female mice were purchased from The Jackson Laboratory, Bar Harbor, 

ME. Male C57BL/6 mice, of various ages, were obtained from a colony maintained by the 
National Institute of Aging at the Charles River Breeding Laboratories, Wilmington, MA. 

Antigens, Antisera, and Immunization. The preparation of TNP-F and TNP-bovine gamma 
globulin (BGG) has been described previously (13, 15). Animals were immunized by the 
intravenous injection of 10 #g of TNP-F in saline, or by the intraperitoneal injection of 500/~g 

* Supported in part by grants AG-02347, AG-00541, AG-00239, AI-11694, and AI-3076 from the 
National Institutes of Health. 

1 Abbreviations used in this paper." anti-Id, antiidiotype antibody; BGG, bovine gamma globulin; C, 
complement; CFA, complete Freund's adjuvant; ELISA, enzyme linked immunosorbent assay; Id, idiotype; 
PFC, plaque-forming cell(s); TNP, 2,4,6-trinitrophenyl group; TNP-F, 2,4,6-trinitrophenyl-lysyl-Ficoll. 
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TNP-BGG emulsified in complete Freund's adjuvant (CFA). The anti-/* was prepared by 
immunizing a goat with 100/~g MOPC-104E in CFA, The antiserum was rendered immunos- 
pecific by absorption with normal mouse IgG. Anti-Thy-l.2 was produced by the hybridoma 
cell line 30-H.12 (r4), obtained from Dr. N. L. Warner, Becton Dickinson & Co., Mountain 
View, CA, and grown intraperitoneally in pristane pretreated, 350-rad-irradiated BALB/c 
mice. The antibody containing aseites fluid was made 50% saturated (cold) in (NH4)2SO, The 
precipitate was collected, washed, dissolved, dialyzed, and applied to a DE-52 column, and the 
rat IgG2b anti-mouse Thy- 1.2 was eluted with a Tris-phosphate buffer gradient. 

Enzyme-linked Immunosorbent Assay (ELISA) for Auto-anti-ld. A serological assay for auto-anti- 
Id has been described in detail elsewhere (16). Briefly, anti-TNP antibody was purified from 
sera of mice injected with 10 btg TNP-F, 7 d before bleeding by passage over a TNP-BSA- 
Sepharose 4B affinity column. The affinity-purified antibodies were coupled to alkaline 
phosphatase (calf intestine Sigma Type VII; Sigma Chemical Co., St. Louis, MO) by a 2-h 
incubation in 0.2% glutaraldehyde. Serum to be tested for auto-anti-Id was adsorbed to 
polyvinyl microtiter wells (Cooke-Dynatech, Alexandria, VA) by standing at a 1:50 dilution 
overnight at 4°G. The presence of auto-anti-Id was detected by a 6-h incubation with enzyme- 
labeled Id (purified anti-TNP antibody) and a subsequent 1-h incubation with the enzyme 
substrate paranitrophenyl phosphate at 37°C. Background binding was determined with age- 
matched normal sera adsorbed to the wells. 

Plaque-forming Cell (PFC) Assays. Antibody-secreting cells were enumerated by a slide 
modification of the Jerne PFC assay (16, 17) in agarose using TNP-conjugated sheep erythro- 
cytes as targets as previously described (18), 

Assay of Auto-anti-Id by Hapten-augmentable PFC. Enumeration of hapten-augmentable PFC 
as previously described (15, 19) was used as an assay for the presence of auto-anti-Id blocked 
potential PFC. TNP-e-amino-caproic acid was prepared as previously described (20) and was 
used as the hapten in these studies. Hapten concentrations ranging from 10 -~ to 10 -z M, in 
half-log increments, were used. This assay was validated in previous studies (15, 19). Evidence 
was presented that hapten-augmentable PFC are B cells whose secretion of antibody is inhibited 
by the binding of auto-anti-Id to cell surface antibody molecules (Id). This inhibition of 
antibody secretion is reversible. Hapten competes with anti-Id for binding to cell surface 
antibody molecules. Therefore, in the presence of an appropriate concentration of hapten, anti- 
Id is, in effect, displayed from the cell surface antibody molecules; secretion of antibody 
commences, and a plaque is observed in the Jerne assay. 

Cell Transfers. Spleen, thymus, or bone marrow cells were suspended in Hanks' balanced 
salt solution supplemented with 2 rag/100 ml Na heparin (Sigma Chemical Co.) for transfer. 
Recipients were lethally irradiated (950 rad) using a gamma cell source. In some cases, long- 
term thymectomized adult mice were used as recipients. Spleen cell populations were depleted 
of B cells by passage through a Wigzell column (21) prepared by incubating acid-washed glass 
beads overnight at 4°C with normal mouse Ig, followed by extensive washing and incubation 
with rabbit anti-mouse Ig for 3 h at room temperature, followed by extensive washing. The 
effluent cells were -->95% Thy-1.2 + by fluorescencestaining using biotinized rat y2b anti-mouse 
Thy-I.2 monoclonal antibody and fluorescenated avidin. The effluent cells were at least 99% 
viable by trypan blue dye exclusion. These cell transfer techniques have been previously 
described (15, 19), and specific details are indicated in footnotes to appropriate tables, 

Re su l t s  

Increased Auto-anti-Id Production by Aged TNP-F-immunized Mice. Young and  old 
C57BL/6  mice were immunized  with 10 ptg T N P - F  and  their serum was assayed for 
direct b ind ing  of enzyme-labeled Id on day 7. Binding of an t i -TNP  Id by old mice 
was slightly more than  twofold that  of young  syngeneic animals  (Table I). Similar  
observations have been obta ined  with T N P - F - i m m u n i z e d  old and  young A K R  mice 
(data not presented). The  serological results are thus consistent with our previous 
observations using hap ten-augmentab le  PFC and  hapten-reversible inhib i t ion  of 
p laque formation as asssays for auto-anti-Id.  It should be noted that  since the affinity- 
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TABLE I 
Auto-anti-ld in Serum of Young and Old C57BL/6 Mice 

Immunized with TNP-F* 

Age 
Binding of Binding of 

anti-TNP antibody normal mouse Ig 
(A4o5 × 10 s) (A4o~ × 10 a) 

m o  

1.5-2 48 ± 6 ND~: 

12-15 108 ± 13 22 ± 3 

* Serum from mice of the indicated age injected with 10 ~g TNP-F intrave- 
nously 7 d previously were assayed for auto-anti-Id by ELISA. Data are 
presented as mean absorbance at 405 nm ± standard error of the mean for 
groups of three mice. 

z~ Not determined. 

TABLE II 

The Increased Auto-anti-Id Antibody Production of Aged C57BL/6 Mice is a Trait That Is 
Stable upon Spleen Cell Transfer* 

1637 

Age of 
Experi- spleen Cells transferred Direct Anti-TNP PFC Percent augmen- tation of PFC by 
ment cell do- (PFC/Spleen ± SE) hapten 

I1o r s  

mo % + SE 
1 18 Spleen 9,500 -i- 2,500 52 ± 13 

18 Spleen + thymus 17,400 ± 2,400 62 ± 21 
2 18 Spleen 10,000 ± 1,200 109 ± 25 

18 Spleen + thymus 13,000 + 1,200 79 ± 13 
3 4 Spleen 16,980 ± 3,000 6 ± 5 

* Lethally irradiated mice were reconstituted with spleen cells from syngeneic donors of the 
age indicated. In some cases the recipients were also given 1 X l0 s thymus ceils from 8-12- 
wk-old donors. Recipients were given 10 #g TNP-F together with the spleen cells, killed 7 
d later, and their direct splenic anti-TNP PFC and hapten-augmentable PFC were assayed. 
Results are expressed as mean ± SE for groups of four to five mice. 

pu r i f i ed  Id  p robes  were  d e r i v e d  f rom y o u n g  an imal s ,  t he  b i n d i n g  by  o ld  sera represen ts  

a m i n i m u m  value ,  as we  h a v e  p rev ious ly  f o u n d  (11) t ha t  the re  is on ly  a pa r t i a l  a n d  

no t  a c o m p l e t e  sha r i ng  o f  Id  b e t w e e n  y o u n g  a n d  o ld  an imals .  

The Marked Auto-anti-Id Production During the Immune Response to TNP-F by Aged Mice 
is Stable upon Spleen Cell Transfer. Spleen  cells were  o b t a i n e d  f rom 4- or  18-mo-old  

C 6 7 B L / 6  m a l e  donors .  Pools  o f  cells f rom th ree  to f ive donors  were  t r ans fe r red  (5 × 

107 ce l l s / r ec ip i en t )  in to  l e tha l ly  i r r a d i a t e d  8 - 1 2 - w k - o l d  syngene ic  recipients .  Cells  

were  a d m i n i s t e r e d  i n t r a v e n o u s l y  a l o n g  w i t h  10 /.tg o f  T N P - F  w i t h i n  3 - 4  h a f te r  

i r r ad ia t ion .  T h e  sp lenic  a n t i - T N P  P F C  response  was assayed 7 d later ,  a n d  h a p t e n -  

a u g m e n t a b l e  P F C  were  e n u m e r a t e d .  It  shou ld  be  n o t e d  tha t  we  h a v e  p rev ious ly  

p u b l i s h e d  e v i d e n c e  (15, 19) t ha t  h a p t e n - a u g m e n t a b l e  P F C  are  B cells whose  secre t ion  

o f  a n t i b o d y  has  been  revers ib ly  i n h i b i t e d  by  the  b i n d i n g  o f  a u t o - a n t i - I d  to cell  sur face  

id io type .  T h e  results  a re  p r e s e n t e d  in T a b l e  II. Al l  r ec ip ien t s  o f  a g e d  sp leen  cells show 
a h i g h  p e r c e n t a g e  o f  h a p t e n - a u g m e n t a b l e  P F C ,  wh i l e  the  rec ip ien t s  o f  sp leen cells 

f r o m  y o u n g  donors  h a v e  re la t ive ly  few h a p t e n - a u g m e n t a b l e  P F C .  T h u s ,  t he  h i g h  

p e r c e n t a g e  o f  h a p t e n - a u g m e n t a b l e  P F C ,  w h i c h  we h a v e  p rev ious ly  shown  to be  
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character is t ic  of  the  i m m u n e  response of  aged mice (11), is also seen in mice 
recons t i tu ted  with  spleen cells from aged donors.  

Signif icant ly,  when thymus  cells from 8-12-wk-old  syngeneic donors were a dmixe d  
wi th  spleen cells from aged donors,  the p roduc t ion  of  au to -an t i - Id  remains  high. This  
is t rue even though the m a g n i t u d e  of  the a n t i - T N P  PFC response tends to be sl ightly 
increased by  the add i t i on  of  thymus  cells from young  donors. 

Inability of Bone Marrow Cells from Aged Donors to Transfer Marked Auto-anti-Id Produc- 
tion. As repor ted  above,  aged  mice p roduce  unusua l ly  high au to -an t i - Id  responses, 
and  spleen cells from normal  aged donors t ransfer  this marked  au to -an t i - Id  p roduc t ion  
to i r r ad ia t ed  recipients.  To de te rmine  if this age-re la ted  change  is l imi ted  to the 
pe r iphera l  l y m p h o i d  system, or also affects the bone  marrow,  studies were carr ied  out  
on i r r ad ia t ed  mice recons t i tu ted  with  bone  mar row from donors of  various ages. Bone 
mar row cells (5 X 107) were injected int ravenously,  together  wi th  10 #g T N P - F  (Table  
III).  A l though  the bone  mar row cells do reconst i tute  the recipients  to p roduce  a 
modes t  a n t i - T N P - F  response, they do not p roduce  a signif icant  au to -an t i - Id  response 
as assayed by  h a p t e n - a u g m e n t a b l e  PFC.  Recipients  of  bone  mar row from old and  
young  donors  are indis t inguishable .  

Relative Thymic Independence of the Auto-anti-Id Response of Aged Mice. In  previous 
studies on young  mice, we have shown that  T cell-deficient  animals ,  i m m u n i z e d  with 
T N P - F ,  fail to p roduce  au to -an t i - Id  (22). Nevertheless,  the " t ransfer"  of  au to -an t i - Id  
p roduc t ion  from T N P - F - p r i m e d  eu thymic  mice into normal  recipients  is re la t ively T 
cell i ndependen t  (15). Since non i r r ad i a t ed  recipients were used in these earl ier  studies, 
it was uncer ta in  whe ther  donor  or recipient  cells were p roduc ing  the ant i - Id .  To  
fur ther  explore the thymic  dependence  of  au to -an t i - Id  product ion ,  le thal ly  i r rad ia ted ,  
t hymec tomized  or eu thymic  C57BL /6  mice (8-12 wk old) were recons t i tu ted  with  
spleen cells from 18-mo-old syngeneic donors.  In  some cases the  donor  spleen cells 
were t r ea ted  wi th  a n t i - T h y - l . 2  monoclona l  an t i body  plus complemen t  (C) before 
t ransfer  to remove T cells. Recipients  were given 10 /~g T N P - F  together  wi th  the  

TABLE III 
Failure of Bone Marrow Cells from Aged C57BL/6 Mice to Transfer 
Enhanced Auto-anti-Id Antibody Production to Irradiated Recipients * 

Age of bone Direct anti-TNP PFC:~ Percent augmen- 
Experiment marrow tation of PFC by 

donors (PFC/spleen ± SE) hapten 

mo % ± SE 
1 2-3 1,760 +_ 890 (3) 15 ± 15 

18 1,860 + 690 (4) 35 _+ 40§ 

2 2 3 4,000 ± 600 (4) 13 +-- 3 
t8 t,380 +_. 220 (4) 7 +__ 5 

* Bone marrow cells (5 × 107) from 2-3- or 18-too-old C57BL/6 male mice 
were transferred by the intravenous route into lethally irradiated (950 rad) 
syngeneic 2-3-too-old male recipients, along with 10/zg of TNP-F. Recipients 
were killed and their anti-TNP PFC and hapten-augmentable PFC responses 
were assayed 7 d after antigen administration. 

:~ Direct anti-TNP PFC responses are reported as arithmetic means +-- SE. The 
number of mice assayed is indicated in parentheses. 

§ The percentages of augmentation of PFC by hapten for the four mice in this 
group were 0, 20, 0 and 138%. 
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TABLE IV 

Effect of the Removal of T Cells upon the Production of Auto-anti-Id Antibody by 
Lymphocytes Obtained from the Spleen of Old Mice* 

1639 

Percent Direct anti-TNP 
Experi- Treatment of cells Recipients PFC (PFC/spleen augmenta- 

tion of PFC 
ment ± SE) by Hapten 

%+SE 
1 C Thymectomized 1,490 _ 250 42 4. 13 

Anti-Thy-l.2 + C Thymectomized 2,000 4. 250 43 4. 13 
2 C Nonthymectomized 1,320 4- 370 146 4. 80 

Anti-Thy-l.2 + C Nonthymectomized 1,425 4. 440 68 "4- 50 
3 C Nonthymectomized 3,390 4. 670 259 4. 91 

Anti-Thy-l.2 + C Nonthymectomized 10,520 4. 7000 107 + 7 

* Lethally irradiated, thymectomized, or euthymic C57BL/6 mice were reconstituted with 
spleen cells from 18-too-old donors. Where indicated the spleen cells were treated with 
anti-Thy-l.2 and complement before transfer to remove T cells. Recipients were given 10 
#g TNP-F together with the spleen cells and were killed 7 d after cell transfer for assay of 
direct splenic anti-TNP PFC and hapten-augmentable PFC. The results are presented as 
arithmetic means + SE for groups of five mice. 

spleen cells. As shown in T a b l e  IV,  a n t i - T h y - l . 2  and  C t rea tment ,  while pe rhaps  
r educ ing  somewhat  the  incidence of  hap ten -augrnen tab le  PFC,  cer ta in ly  does not  
e l imina te  the  ab i l i ty  of  the  spleen cells from aged donors to t ransfer  the capac i ty  to 
p roduce  a marked  au to -an t i - Id  response to the  i r r ad ia ted  recipients.  The  results imply  
tha t  the  au to -an t i - Id  response by  the spleen cell popu la t i on  of  u n p r i m e d  aged mice is 
re la t ive ly  T independen t .  A d e q u a t e  T cell ki l l ing by  the a n t i - T h y - l . 2  and  C was 
shown by the lack of  a n t i - T N P  P F C  response after  i m m u n i z a t i o n  with  the T-  
dependen t  an t igen  T N P - B G G  (response went  from 6,400 + 400 indirect  P F C / s p l e e n  
in the  presence of  T cells to 600 + 200 indirect  PFC/spleen after  t r ea tment  with ant i -  
T h y - l . 2  and  C). 

Failure of Spleen Cells from Aged TNP-F Immune Mice to Transfer More Enhanced Auto- 
anti-Id Production to Age-matched Recipients. Al though  the h a p t e n - a u g m e n t a b l e  P F C  
componen t  o f  no rma l  A K R  mice is not  affected by  the transfer  o f  no rma l  spleen cells 
before  inject ion o f  T N P - F ,  no rma l  mice receiving T N P - F  i m m u n e  spleen cells from 
young  mice at  the  t ime of  T N P - F  inject ion have a high au to -an t i - Id  componen t  in 
thei r  response to T N P - F  (15). It was therefore o f  interest  to de te rmine  whether  spleen 
cells from aged mice,  which  confer  on i r r ad ia t ed  recipients  the  capac i ty  to p roduce  a 
marked  au to -an t i - Id  response even when the cell donors have not  been immun ized  
wi th  T N P - F ,  would  pe rmi t  old  recipients  to make  a still h igher  au to -an t i - Id  response 
i f  taken  from i m m u n i z e d  old donors.  

Spleen cells were t ransferred from old T N P - F  immun ized  or  no rma l  C 5 7 B L / 6  or  
A K R / J  donors  into age-matched ,  non i r r ad ia t ed ,  syngeneic recipients  together  wi th  
10 #g  T N P - F .  Spleens of  recipient  mice were assayed for a n t i - T N P  P F C  and  hap ten-  
a u g m e n t a b l e  PFC 4 d af ter  cell t ransfer  (Table  V). In ne i ther  s t ra in  does the  t ransfer  
o f  day-7  i m m u n e  spleen cells from old donors result in a h igher  au to -an t i - Id  response 
in the  recipients  t han  does the  t ransfer  of  no rma l  spleen cells from donors  of  the  same 
age. In  every exper iment ,  a l though  the a n t i - T N P  response is somewhat  h igher  in 
recipients  of  i m m u n e  spleen cells, the  n u m b e r  of  h a p t e n - a u g m e n t a b l e  PFC per  spleen 
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TABLE V 
Failure of Immunization of Donors to Increase Hapten-augmentable PFC in the 

Recipient of Spleen Cells from Aged Mice* 

Spleen cell donors 

Strain Age Immune status 

Percent 
augmenta- 

Direct Anti-TNP PFC/ tion of 
spleen +- SE PFC by 

hapten 

mo % 
C57BL/6 18 Immune 3,940 ± 880 (4)~ 132 
C57BL/6 18 Naive 2,120 ± 520 (5) 372 
AKR 7 Immune 38,400 + 5,450 (8) 92 
AKR 7 Na'fve 16,700 ± 4,600 (5) 89 

* 5 x 10 ~ spleen ceils from TNP-F immune or na'ive mice of the age and strain 
indicated were transferred into nonirradiated syngeneic recipients of the same age 
together with 10/*g TNP-F. Immune donors had received 10 ~tg TNP-F 7 d before 
killing. Recipients were killed for assay of splenic anti-TNP PFC and hapten- 
augmentable PFC 4 d after cell transfer. 

$ Parentheses indicate number of animals studied. 

is s imi lar  in recipients  of  no rma l  and  i m m u n e  spleen cells, 
Role of "'T cells'from Aged Mice in Regulating the Production of Auto-anti-Id. Since the 

h igh  au to -an t i - Id  response of aged mice was t ransferable  wi th  spleen bu t  not  bone  
mar row cells, studies were under t aken  to ident i fy the  cell type  in the  spleen responsible 
for de t e rmin ing  the m a g n i t u d e  of  the  au to -an t i - Id  response. I r r ad ia t ed  mice were 
recons t i tu ted  with  bone  mar row cells from young  or aged donors together  wi th  B cell- 
dep le ted  splenic cells from young  or aged donors. Recipients  were immun ized  wi th  
T N P - F  5 d thereafter .  Recipients  of  T cells from young  donors have a low percentage  
of  h a p t e n - a u g m e n t a b l e  PFC,  such as is typical  of  young  mice, regardless of  whe ther  
the  mice received bone  mar row cells from old or young  donors. In  contrast ,  recipients  
of  T cells from old donors have a high incidence of  h a p t e n - a u g m e n t a b l e  PFC,  as is 
typica l  of  old  mice,  regardless of  whe ther  they were reconst i tu ted  with  bone  mar row 
from old or young  donors (Table  VI).  In  bo th  cases the group tha t  received T cells 
from old donors  h a d  a s ignif icant ly greater  percentage  of  h a p t e n - a u g m e n t a b l e  PFC 
(P < 0.01 by  t test). Thus ,  the  magn i tude  of  the au to -an t i - Id  response appears  to be 
regu la ted  by the splenic non-B cell popula t ion .  Since the  B cel l -depleted spleen cell 
popu l a t i on  was found to be ~95% T h y - I  + it is l ikely tha t  the  au to -an t i - Id  response is 
regu la ted  by pe r iphe ra l  T cells. 

D i s c u s s i o n  

W e  have previously repor ted  that  old  mice p roduce  a marked  au to -an t i - Id  response 
using h a p t e n - a u g m e n t a b l e  PFC as an assay for au to -an t i - Id  (11). This  conclusion was 
conf i rmed  serologicatly in the  present  studies,  where  it was shown tha t  the  serum 
from old mice con ta ined  be t te r  t han  twofold h igher  levels of  au to -an t i - Id  than  d id  
serum from young  syngeneic mice. W e  have found a good corre la t ion be tween an t i - Id  
assayed by  E L I S A  and  the n u m b e r  of  h a p t e n - a u g m e n t a b l e  P F C  present  in the  spleen. 
This  is consistent  wi th  the  possibi l i ty that  h a p t e n - a u g m e n t a b l e  PFC can be used as 
a marke r  for au to -an t i - Id  activity.  Clear ly  mechanisms  o ther  than  au to -an t i - Id  can 
po ten t ia l ly  lead to the  presence of  h a p t e n - a u g m e n t a b l e  PFC (23-26). Regardless  o f  
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TABLE VI 
Influence of Splenic T Cells on the Incidence of Hapten-augraentable PFC* 

Age of cell donors 

Bone marrow T cell donor:~ 
cell donor 

Direct anti-TNP PFC/ Percentage aug- 
mentation of spleen + SE PFC by hapten 

mo % ± SE 

2-3 2-3 2,260 ± 460 (6)§ 12 ~ 4 
2-3 18 1,210 ± 190 (9) 55 ± 12 
18 2-3 2,280 :t: 490 (10) 16:1:5 
18 18 1,510 :t: 560 (7) 38 + 12 

* Male C57BL/6 mice were lethally irradiated (850 rad) and were reconsti- 
tuted by the intravenous injection of 2.5-3.5 x 107 bone marrow cells 
obtained from donors of the indicated age and 2-4 × 107 B ceil-depleted 
spleen cells from donors of the indicated age. Recipients were immunized by 
the intravenous injection of 10/~g TNP-F 5 d after cell transfer and were 
killed for assay of splenic anti-TNP PFC and hapten-augmentable PFC 7 d 
later. Data are presented as mean :t: SE. 

~: Spleen ceils were depleted by B cells by passage through a Wigzell Column 
(21). The preparations used were ~95% Thy-1 ÷. 

§ Parentheses indicate number of animals studied. 

the  mechan i sm,  a high incidence of  h a p t e n - a u g m e n t a b l e  PFC is character is t ic  of  the 
i m m u n e  response of  aged mice (11). T h e  ma in  thrust  of  this repor t  is to ident i fy  the  
ce l lu lar  r equ i rements  for the  expression of  high levels of  h a p t e n - a u g m e n t a b l e  P F C  in 
aged mice. W e  have shown tha t  this p rope r ty  of  the  i m m u n e  response of  old  mice is 
s table  upon  t ransfer  of  spleen cells from old donors  into young  i r r ad ia t ed  recipients  
a n d  therefore appears  to be  intr insic to the pe r iphera l  l y m p h o i d  cell popu la t ion  ra ther  
than  an  effect of  the  in terna l  mil ieu of  the aged animal .  Fur the rmore ,  since ne i ther  
a d d i t i o n  of  thymocytes  from young  donors  nor  e l imina t ion  of  T cells modifies the  
au to -an t i - Id  response of  t ransferred spleen cells from old donors,  it appears  likely, 
a l though  not  formal ly  proven,  tha t  the  marked  au to -an t i - Id  response of  aged mice is 
an  inheren t  p rope r ty  of  thei r  B cell popu la t ion .  

In  cont ras t  to splenic cells from aged mice,  which p roduce  a marked  au to -an t i - Id  
response in a cell t ransfer  recipient ,  bone  mar row cells from aged mice do not  exhibi t  
this proper ty .  T h a t  is, bone  mar row cells from aged donors  behave,  in this respect,  
like the  bone  mar row or pe r iphe ra l  B cell popu la t i on  of  young  mice. Thus ,  it appears  
tha t  the  p roduc t ion  of  m a r k e d  au to -an t i - Id  by  aged mice is a p rope r ty  of  the 
pe r iphera l  l y m p h o i d  system a n d  not  of  the bone  mar row cell popula t ion .  I t  is 
in teres t ing to note tha t  Har r i son  et al. (27, 28) have repor ted  tha t  the stem cell 
ac t iv i ty  of  the bone  mar row from old mice is c o m p a r a b l e  to tha t  of  young  animals ,  
p rov ided  t umor -bea r i ng  an imals  are  exc luded  as donors and  sufficient t ime is a l lowed 
for recovery in the  recons t i tu ted  host. 

Deple t ion  of  T cells from the  spleen cell popu la t i on  of  aged mice does not  e l imina te  
its ab i l i ty  to reconst i tu te  i r r ad ia t ed  recipients  to p roduce  a marked  au to -an t i - Id  
response. This  was t rue  despi te  the  fact tha t  the T cell deple t ion  was sufficient to 
essential ly e l imina te  the  response to the  T - d e p e n d e n t  an t igen  T N P - B G G .  Thus,  the 
au to -an t i - Id  response of  the spleen cell popu la t i on  of  aged mice appears  to be 
re la t ively  T cell independen t .  Th is  is in contras t  to the  T cell dependence  of  the  auto-  
an t i - Id  response of  young  mice as ind ica t ed  by  the failure of  nude  mice to p roduce  



1642 AUTO-ANTIIDIOTYPE ANTIBODY IN AGING 

auto-anti-Id during the immune response to TNP-F (22). Previous studies have shown 
that spleen cells from TNP-F immune mice produce far more hapten-augmentable 
PFC upon transfer than do spleen cells from normal mice, and that this increased 
auto-anti-Id response is transferable with anti-Thy-1 and C-treated spleen cells (15). 
Thus, operationally, spleen cells from unprimed old donors behave like spleen cells 
from primed young donors. The interpretation that the "normal"  spleen cell popu- 
lation of aged mice behaves like an " immune"  spleen cell population with respect to 
auto-anti-Id production is consistent with our finding that immunization of old 
donors does not augment the ability of their spleen cells to transfer auto-anti-Id 
production as it does with young donors (15). This failure to transfer higher anti-Id 
production after priming can be explained in various ways. (a) A continued cycling 
of idiotype followed by auto-anti-Id production, such as described by others (29), 
could be the basis for this phenomenon. (b) An alternative explanation is based upon 
our previous studies indicating changes in Id repertoire expression at different ages 
(11) or perhaps more importantly at different times after immunization (E. A. Goidl, 
G. W. Siskind, and G. J. Thorbecke, manuscript in preparation.) After all, hapten 
augmentation of PFC can only be expected to occur when the Id of the PFC and the 
anti-Id production correspond. (c) It is possible that the high anti-Id response is self- 
limiting, in that it stimuIates an anti-anti-Id response that prevents further expansion 
of the anti-Id response. (d) Another possible explanation is that the anti-Id response 
is already primed and further boosting does not yield a detectable increase by our 
assay techniques. 

Thus, with respect to its capacity to produce an auto-anti-Id antibody response, the 
spleen cell population of aged mice behaves in a number  of ways as if it had been 
previously primed: (a) there is a very marked auto-anti-Id response; (b) transfer of 
this auto-anti-Id response of the aged is relatively T cell independent; (c) priming the 
aged donor does not augment the ability of its spleen cell population to transfer an 
auto-anti-Id response as it does with young donors. It is possible that the continual 
exposure to self-immunoglobulins and immune complexes throughout life leads to a 
gradual increase in the incidence of auto-reactive clones capable of producing auto- 
anti-Id. Superficially, this may be viewed as parallel to the well known increase in the 
incidence and concentration of autoantibodies with age (30-32). While the general 
mechanisms responsible for increased autoantibody formation in the aged are not 
understood, the situation with the immune system may be special. It seems likely 
that, as proposed by Jerne (33), Id-anti-Id interactions represent a normal regulatory 
mechanism in the immune system. Such interactions, involving both B and T cells as 
well as serum antibodies, would be expected to occur throughout life in response to 
shifts in the distribution of idiotypes as a consequence of exposure to environmental 
antigens. 

It is of particular interest that the altered (high) anti-Id response characteristic of 
the aging animal is not seen in mice reconstituted with bone marrow from old donors. 
This implies that the B cell population produced by precursor cells in the marrow of 
old donors is similar in respect to incidence of B cells with anti-Id specificity to that 
produced by bone marrow of young mice. If  the bone marrow of old mice produces 
a distribution of B cells comparable to that of young mice, what determines the 
altered distribution of B cells in the peripheral lymphoid system of old animals? We 
would propose that the distribution of idiotypes among the peripheral T cell popu- 
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lation is responsible for modifying the distribution of idiotypes in the B cell population 
from that which arises from the bone marrow stem cells. The peripheral T cell 
population, which is known to be very long lived, would represent a logical repository 
for the memory of interactions with environmental antigens and the modifications in 
idiotype and anti-Id distributions thereby induced. According to such a view, B cells 
arising in the marrow interact with Id of peripheral T cells. This results in preferential 
stimulation of those clones capable of interacting with Id (and anti-Id) represented in 
the long-lived peripheral T cell population and thereby changes the distribution of B 
cell clones (Id and anti-Id) from that  which is produced by the bone marrow. This 
hypothesis is consistent with our finding that mice reconstituted with bone marrow 
from either young or old donors together with B cell-depleted spleen cells from old 
donors produce a marked auto-anti-Id response like that of old mice, whereas mice 
reconstituted with bone marrow from young or old donors together with B cell 
depleted spleen cells from young donors produce relatively few hapten-augmentable 
PFC as is typical of young mice. Thus the non-B cell population of the spleen appears 
to determine the magnitude of the auto-anti-Id response. While not formally proven, 
it seems reasonable to suggest that it is the splenic T cell population which is 
responsible for these regulatory effects since _>95% of the cells present in the B cell 
depleted spleen cell preparations are Thy-1 +. 

S u m m a r y  

We have previously shown that old mice produce more hapten-augmentable 
plaque-forming cells (PFC) than do young animals, suggesting a greater auto-anti- 
idiotype antibody (auto anti-Id) component  in their immune response. In the present 
studies this is confirmed serologically. The  marked auto-anti-Id response of aged mice 
can be transferred to lethally irradiated young recipients with spleen but not bone 
marrow cells from old donors, suggesting that it is an intrinsic property of their 
peripheral B cell population and that the distribution of Id arising from the bone 
marrow of old and young mice is similar. In contrast with young mice the auto-anti- 
Id response of old animals is relatively T cell-independent and old donors do not 
show an increase in their ability to transfer an auto-anti-Id response after priming 
with TNP-F.  These observations suggest that old mice behave as if already primed 
for auto-anti-Id production. Irradiated mice reconstituted with bone marrow cells 
from either young or old donors together with splenic T cells from old donors generate 
a relatively large auto-anti-Id response, whereas mice reconstituted with bone marrow 
from either young or old donors together with splenic T cells from young donors 
produce few hapten-augmentable PFC. It is suggested that differences in Id expression 
and auto-anti-Id production are the consequences of the interaction of Id (and anti- 
Id) arising from the marrow with anti-Id (and Id) present in the peripheral T cell 
population which serves as a repository of information about shifts in Id distribution, 
resulting from lifelong interactions with environmental and self-antigens. 
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