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A B S T R A C T Induction of antigen-specific and non-
specific (polyclonal) humoral immune responses in
vitro was investigated in peripheral blood mononuclear
cells ofaged (65-85 yr) and young (20-30 yr) volunteers.
In vitro immunization of lymphocytes with antigen
(sheep erythrocytes) was performed in a recently
described microculture system, and anti-sheep erythro-
cyte plaque forming cells were quantitated in a direct
hemolytic plaque assay. Immunoglobulin secreting
cells, induced polyclonally with pokeweed mitogen,
were quantitated in a reverse hemolytic plaque assay.
Significant depressions of antigen-specific as well as
polyclonal responses were noted in relation to ad-
vancing age. Antigen-specific responses were more
frequently depressed than polyclonal responses.
T cell mitogen concanavalin A (Con A) was used to

amplify functions of autologous immunoregulatory T
cells. Addition of 10 ,g/ml Con A to lymphocytes of
young donors at culture initiation resulted in activa-
tion of suppressor cells and abrogated antigen-specific
responses. Delayed addition of Con A, on the other
hand, enhanced responses, presumably because of
activation of helper T cells. Similar manipulations of
lymphocyte cultures from aged donors showed failure
of' Con A to suppress antigen-specific responses in ap-
proximately half of the responders. In many nonre-
sponders, responses within normal range were elicited
by the delayed addition of Con A to their lymphocyte
cultures. Deviations beyond the range of expected
responses were noted in 32.5% of the co-cultures be-
tween pokeweed mitogen stimulated young and aged
cells. Our findings suggest that age-related deficiencies
of B cell function are frequently associated with dys-
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function of immunoregulatory T cells and are only
occasionally due to intrinsic defects of B cells.

INTRODUCTION

The aging process is accompanied by decreased im-
munologic vigor, and is associated with an increased
incidence of infections, autoimmunity, and malignancy
(1). The age-associated decline in immune competence
has been shown in experimental animals to encompass
both cell-mediated and humoral immunity. Although
deficiencies in T cell function in aged humans have
been well established, B lymphocyte function has been
less well characterized. Studies by Kisimoto et al. (2, 3)
indicated that polyclonal immunoglobulin production
after stimulation of B lymphocytes of aged volunteers
with pokeweed mitogen was normal or increased. In-
vestigations by Delfraissy et al. (4) however, have re-
vealed marked deficits of specific antibody-forming
capacity after in vitro sensitization of peripheral
blood lymphocytes with antigen in aged humans.

In the present study we have used a newly devel-
oped microculture assay system (5, 6) to study specific
antibody responses in vitro in aged humans. Simul-
taneously, we investigated the polyclonal induction of
immunoglobulin-secreting cells (ISC)l in the same
population utilizing pokeweed mitogen (PWM) as a
stimulant. Responses of aged volunteers were com-
pared with those of healthy young volunteers who
were tested simultaneously. A great variability was
noted in the responsiveness of aged volunteers to both
antigen and PWM, and ranged from normal to markedly
deficient responses. Deficits in antigen-specific anti-
body responses were observed more frequently than

' Abbreviations used in this paper: Con A, concanavalin A;
ISC, immunoglobulin-secreting cells; PBM, peripheral blood
mononuclear cells; PFC, plaque-forming cells; PWM, poke-
weed mitogen; SRBC, sheep erythrocytes.
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decreases in PWM-induced ISC. The celliular bases for
the immuntiodeficienicy of aging are discussed.

METHODS

Study p)opulatiofl
Aged voluiiteers for this stuidy consisted of individuals who

responided to a re(Iquest miade on television f'or elderly 10lood
donors. These volunteers, ranginig in age fromi 65 to 85 vr, were
amibutlatory people in good health from middle and utpper
socioeconomic classes. A quiestionnaire was filled out for each
individuLal providing details of medical history, use of'
prescription medications, and occupationial hazards. Height
and weight were recorded in each instanice and physical
examiinlation, complete blood coutnt, screeninlg profile of blood
chemiiistries, and urinialysis were performed in most instances.
At the time of study, aged volunteers were well within 10% of
desired body weight,2 normiiotensive, in good health, and free
of' intercurrenit illnesses. 13 volunteers vere on the prescrip-
tion medications for treatmiienit of: hypertension (4), arthritis (4),
sleeplessness, anxiety, or depression (3), hypothyroidism (1),
and angina pectoris (1). Six others adlmitted taking aspirin
occasionally. Healthy laboratory persoinnel (20-30 yr) served
as young controls. A few individuals in the intermiiediate
age group (31-55 yr) were also tested. Males and females in
the study grouip were equally distributed in the seventh and
eighth decades of life. In the ninth decade there were two
males and no females.

Isolation of cells
20 ml of'heparinized venous blood was obtained from young

and aged volunteers. Peripheral blood monionuclear cells
(PBMI) were isolated from the blood by standard Ficoll-
Hvpaque centrifugation.

Cell cultures
Cultures of PBM were established to generate antigen

(SRBC)-specific plaque-forming cells (PFC) and also for in-
duction of PWM-induced nonspecific (polyclonal) ISC cells.

SentsitiZatiotn with anitigeni. Lynmphocyte culttures were
performed as described (5, 6). Briefly, 0.1-ml vol consisting
of serial dilutions of PBM ranging from 5 to 0.15 x 106
cells/ml were plated in flat bottom microtiter plates (Costar
Data Packaging, Cambridge, Mass. No. 3596). RPMI 1640
medium was supplemented with penicillin, streptomycin,
glutamine, pyruvate, nonessential amino acids, and 5% fetal
calf serum (Microbiological Associates, Walkersville, Md.,
lot 94055) as described by Mishell and Dutton (7). The
medium also contained 50,uM 2-mercaptoethanol and 10%
pooled human blood group A serum. Care was takein not to
use batches of human sera that tended to produce pseudo
plaques (8). SRBC-absorbed sera were not used in our ex-
periments because of the possibility of dissolved antigen
obscuring antigen-negative controls. Cultures were innocu-
lated with 5 x 106 SRBC as the sensitizing antigen and
0.003% heat-killed staphylococcus aureus of Cowan strain I
(American type culture collection, Rockville, Md., No. 1285),
as a B cell mitogen (9). Supernatant fluid of lipopolysac-

2 Metropolitan Life Insurance Company (1959).

chalride-stimuitllatedl adherenit hlumllani PBM cells, produticed as
described (10), was added as a source of Interleukin-I in a
final conicenitrationi of' 10%. Cuiltuires were f'ed daily witlh 10
,ul of nutitritional cocktail (7).

PXVM11 stimul(latiotn. Cultuires conisistiing of 5 x 106 PBM in
1 ml of medium RPMI 1640 supplemented with antibiotics
and 15% fetal calf serum were performed in 12 x 75-mm
plastic tubes (Falcon Labware, Div. Becton Dickinson,
Oxnard, Calif., No. 2003). PBM were stimulated with poke-
wveed mitogeni (GIBCO, Grant Islanid Biological Company,
Granid Island, N. Y. No. 981518) in a final strenth of 10(/ml.

All cultures were incubated for 6-7 d in 5% CO2 at 37°C
with 100% humidity.

PFC assays
At termination of cultures, cells were washed twice in

mlediumiii containinig 5% fetal calf serum. Antigeni-stimuitilated
cultures were tested for anti-SRBC PFC in a modified (7)
Jerne hemolytic plaque assay (11). PMW-stimulated cultures
were assayed for ISC in a reverse plaque assay, modified from
the method of Gronowicz et al. (12) using protein A-coated
SRBC as targets, and rabbit anti-human immunoglobulin
as a developing serum. Results of anti-SRBC PFC and of
ISC were expressed as actual or log responses per 106 and
104 cultured cells, respectively.

Inivestigation of immunoregulatory T cells
Additioni of conicatnacalini A (Coni A) to anitigeni-stimuitllated

cultures. The T cell mitogen Con A was added to antigen-
stimulated cultures at a final concentration of 10 ,ug/ml.
Cultures received Con A either at culture initiation (day 0) or
after a delay of 48 h. The rationale for timed addition of Con
A with respect to activation of helper and suppressor T cells
has been described (5) and is discussed in subsequent sec-
tions. Addition of allogeneic irradiated T cells (2,000 rads)
at culture initiation, with delayed addition ofCon A was some-
times used as a means of providing exogenous help (5) to
PBM cultures.

Co-cuiltuire wvithi allogenieic cells inl PXVM-stiniulated
cultures. PBM cells from young individuals were co-cul-
tured with allogeneic PBM from young and old individuals
in a 1:1 ratio keeping the final cell concentration and volume
constant at 0.5 x 106 cells/ml. The observed response was ex-
pressed as a percentage of the expected, with the latter being
calculated as a mean of the individual ISC responses of the
two volunteers whose cells were being co-cultured.

Serum immunoglobulins
Levels of immunoglobulin (Ig)G, IgA, and IgM were

determined by radial immunodiffusion on five random serum
samples from volunteers who manifested poor ISC responses
to PWM, as well as on five samples from those who were
normal responders in this assay system.

Statistical methods
Results of aged and young groups were subjected to linear

regression analyses and the significance of the slopes was
determined (Figs. 1 and 4). In addition, significance of dif-
ferences between responses of young and aged individuals
was determined by the Student's t test.
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RESULTS

Antigen-specific PFC responses

PBM of young and aged volunteers were sensitized
in vitro with SRBC, and anti-SRBC PFC were deter-
mined. Peak anti-SRBC responses were most often ob-
tained at cell densities of2.5-5.0 x 105/culture in both,
young as well as aged volunteers. Fig. 1 depicts peak
PFC responses of individuals of various ages on a
logarithmic scale. Individuals varied widely in their
ability to generate antigen-specific PFC, and the
variability was more evident in the aged population
than in the young. In comparison to young volunteers,
deficient PFC (<50 PFC/106 cultured cells, or log
< 1.7) responses were observed in 21 out of47 (44.7%)
of the aged individuals; in 10 of them responses were
<log 1.0. Neither the intake of aspirin nor prescription
medicines, nor the gender of the donor appeared to
influence antigen-specific responses. Males and fe-
males were equally distributed in the poor responder
group, and incidence ofpoor responses in donors taking
medications of any sort was similar (6 of 16 or 38%)
to that observed for the group as a whole. The decline
in anti-SRBC PFC responses with advancing age was
statistically significant, P value of the slope of the
regression line being <0.0001. Mean log PFC response
(+SE) of aged volunteers (1.79±0.14) was also signif-
icantly less (P < 0.0001) than the mean log PFC re-
sponse of young volunteers (2.5±0.11). Anti-SRBC
PFC in antigen-free cultures amounted to <10% of
those seen in antigen-stimulated cultures in both young
and aged individuals (data not shown).

Addition of Con A to cultures

Appropriately timed addition of the T cell mitogen
Con A has previously been shown to effectively amplify
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FIGURE 1 Antigen-specific, anti-SRBC PFC responses of
PBM cultures from young and aged donors. Anti-SRBC
PFC responses are plotted on a log scale. Slope of responses
in relation to advancing age is statistically significant
(P < 0.0001).

functions of helper and suppressor T cells in antigen-
stimulated cultures (5). This mitogen was therefore
used to modulate immunoregulatory T cell function
in the aged population.
Early addition of Con A. Addition of Con A (10

,Lg/ml) to young PBM at culture initiation regularly
resulted in suppression oftheir PFC responses (Fig. 2).
This effect has been attributed to the activation of
suppressor T cells. In PBM cultures of older people,
two patterns of responses were seen: in half of the
aged, anti-SRBC PFC responses were suppressed by
Con A, but in the remaining half the responses were
enhanced. The enhancement of anti-SRBC PFC re-
sponse in aged PBM cultures most likely resulted
from the preferential activation of helper T cells in
these individuals.
Delayed addition of Con A. Addition of Con A 48-

72 h after initiation of culture uniformly enhanced
anti-SRBC PFC responses in both young and old volun-
teers (Fig. 3). This effect of Con A has been at-
tributed to activation of helper T cells that are func-
tioning at a time when B cells are still responsive to
helper influences while being relatively resistant to
suppressor influences (5). The majority of the pre-
viously poorly responsive aged PBM could, with de-
layed addition of Con A, mount an anti-SRBC PFC
response in the same order of magnitude as their
younger counterparts. In a few aged individuals,
(Table I) Con A-induced enhancement of anti-SRBC
PFC was rather small. Addition of exogenous helper
T cells in the form of irradiated T cells from young
donors followed by the delayed addition of Con A to
PBM cultures resulted in enhancement of PFC re-
sponses in three (1-3) of six poor responders.
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FIGuRE 2 Addition of Con A, 10 jig/ml at culture initiation
to antigen-stimulated PBM cultures ofyoung and aged donors.
Results depict anti-SRBC responses of cells cultured in ab-
sence (-) or presence (+) of Con A. In contrast to PBM cul-
tures from young donors where Con A added on day 0 regularly
suppressed PFC responses, aged donors' PBM fell into two
groups, one that was suppressed and another that was en-
hanced after addition of Con A.
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FIGURE 4 PWVM-induced ISC in cultures of young and aged
PBM donors. Slope of regression line of ISC responses on
age is statistically significant (P < 0.0001).
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FIGURE 3 Peak anti-SRBC PFC responses of PBM cultures
from young and aged donors cultured in the absence or
presence of 10 gg/ml Con A added 48 h after culture initiation.

PWM stimulation

Generation of ISC. PBM from aged and young
volunteers were cultured in the presence or absence of
PWM for 7 d and the ISC generated were quantitated
in a reverse plaquie assay. The restults of ISC responses
in relation to age are shown in Fig. 4. A great variability
in responsiveness was apparent in both young and old

TABLE I
Provisiotn of "Help' to Aged Poor Respontder Culttures

in Atntigeni-specific Assay System

Anti-SRBC PFC/10 cells

PBM PBM PBM + Tx
Aged donor alone* + Con A d2t + Con A d2§

1 0 88 332
2 4 61 665
3 44 50 324
4 0 0 0
5 14 19 25
6 97 90 92

Youtng donors
response±SE 805±277 2,279-389

* PBM cultured in several cell densities (see Methods) and
immunized with antigen. Results depict peak anti-SRBC PFC
response.
I PFC response of PBM cultures that, in addition to antigeni,
received 10 iLg/ml Con A added 48 h after culture initia-
tion. d2, day 2.
§ PFC response of PBM ctultures with irradiated (2,000 rads)
allogeneic T cells (Tx) added at culture initiationi and 10 ,ug/ml
Con A added 48 h later (d2)

individuals, more so in the latter. While a large pro-

portion of the aged individuals had responses com-
parable to the young, decreased responses of <6,000
ISC/106 cultured cells (<log 3.8, or values below the
range observed in young PBM) were noted in 12 out of
50 (24%) of the aged individuals. A third of the latter
manifested severely depressed responses of <1,000
(log 3) ISC/106 cells. while intake of medications did
not appear to influence the ISC responses, it was ob-
served that of the 12 poor responders, 10 were male.
Regression analysis of results shown in Fig. 4 revealed
that the age-associated decline in ISC was signifi-
cant with the P value of the slope of <0.0001. Mean
log ISC response (+SE) of the aged (4.1+0.08) was

also significantly less (P < 0.001) than that of young

volunteers (4.41+0.04). Background ISC responses in
the absence of PWNI were comparable in the two
groups (data not shown). It should be noted that al-
though the polyclonal ISC responses showed a sta-
tistically significant decline with aging, the responses

of several aged volunteers were adequiate.

Co-culture betweetn aged and young PBM

PBM from young individuals were co-cultured with
allogeneic PBM from aged and young volunteers in a

1:1 ratio. ISC responses obtained were expressed as a

percentage of responses expected. The overall spread
of values obtained in allogeneic co-cultures was much
greater in young x old co-cultures as compared to
young x young co-cultures (Fig. 5). Responses ob-
served in young x old co-cultures were enhanced in
5 and suppressed in 9 of 43 such co-cultures. When
suppression was correlated with ISC responses, 5 of 9
individuals who showed suppression were noted to be
poor responiders; converselv, of 11 poor responders
so tested, abnormal suppression was noted in 5. Thus
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FIGURE 5 Co-cultures ofPBM from young and aged donors.
Cells from each pair of donors were co-cultured in a 1:1
ratio. Percent observed/expected response was calculated as
described in Results.

there did not appear to be a direct correlation between
decreased ISC responses and suppression in such co-
cultures.

Serum immunoglobulins
Immunoglobulins were determined in sera from

five people each belonging to the PWM-induced
normal ISC responder group and the poor ISC re-
sponder group. Results are shown in Table II. Ab-
normalities were more pronounced in the poorly re-
sponsive group; IgG was below the lower limit of
normal in four, IgA was markedly elevated in two, and
IgM was elevated in two serum samples. In the nor-
mal responder group, except for two samples that
showed elevated IgM, no other abnormalities were
noted.

Comparison of polyclonal and
antigen-specific responses
In comparing responses of 42 aged individuals who

were tested simultaneously in the two assay systems,
it was observed that five had depressed responses to
both antigen and PWM; responses only to PWM were
depressed in 6 and only to antigen in 15 of the aged
volunteers. Delayed addition of Con A to antigen-
stimulated PBM cultures could enhance PFC re-
sponses even in individuals whose PBM suppressed
ISC in PWM-stimulated allogeneic co-cultures; early
addition of Con A suppressed their antigen-specific
responses.

TABLE II
Serum Immunoglobulins ofAged Volunteers

Serum immunoglobulins

IgG IgA IgM

mg/dl

Nonresponders*
1 446 (4)4 760 (t) 160
2 700(4) 121 264
3 777(l) 407 302(t)
4 653(l) 345 281
5 1,909(t) 690 (t) 399(t)

Responders*
1 924 220 248
2 1,748 334 242
3 1,600 211 191
4 956 289 358 (t)
5 832 300 298 (f)

Normal range 800-1,800 90-450 60-280

* Nonresponder and responder designates those aged volun-
teers who were abnormal or normal when their PBM were
tested for generation of ISC in response to PWM stimulation.
4 Results above or below the adult range are designated with
arrows in parenthesis pointing up or down.

DISCUSSION

In this study we have performed simultaneous analyses
of polyclonally triggered and antigen-specific antibody
responses in vitro in aging human volunteers. Our
results show that aging may be associated with de-
pression of antigen-specific antibody responses and/or
nonspecific immunoglobulin secretion, with defects of
the former being more frequent than those of the latter.
Generation of antigen-specific antibody responses in

vitro has not been possible in humans until recently.
A major problem in this context has been the control of
suppressor cells which inhibit the induction ofantigen-
specific responses. In the culture system used for the
present study (5, 6) a broad range ofcell concentrations
is used to select for a cell density at which there is an
optimal balance of helper T cells and precursor B cells.
Furthermore, helper and suppressor cell activity can be
preferentially stimulated by appropriately timed ad-
dition of the T cell mitogen con A to the cultures. Sup-
pressor influences are effective only if present during
the early stages of B cell activation. Once B cell acti-
vation is already well under way, suppressor influences
fail to be effective, whereas helper effects can still
readily enhance B cell responses. This reasoning forms
the basis for the use of a T cell mitogen to amplify
helper and suppressor cell effects. Early addition of
Con A can abrogate B cell responses by activation of
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suppressor T cells. With delayed addition of Con A,
however, helper effects predominate.
Using this assay system, a significant age-associated

decline in the antigen-specific antibody responses was
noted in aged human subjects. One mechanism
whereby B cells respond poorly to T cell-dependent
stimuli might be due to a lack of adequate help pro-
vided by T cells. Clear evidence exists for helper T cell
defects in aging mice (13-16). In humans, studies
performed by Delfraissy et al. (4) have shown that T
cells from aged individuals fail to help B cells from
young volunteers to produce antibody response to
antigenic stimulation in vitro. In the present study, we
attempted first to activate autologous helper T cells of
aged individuals by delayed addition of Con A to PBM
cultures. By doing so, we observed that many old
people who had initially manifested poor anti-SRBC
responses could now respond in normal or near normal
range. The poor response in this group could thus be
attributed to a functional deficiency of T helper cells
which could, in most instances, be overcome by the
delayed addition of Con A to the cultures. This de-
ficiency of helper T cell function may have been
qualitative rather than quantitative. Alternatively, a
lack of helper T cells (actual paucity or outnumbering
by excessive suppressor cells) may have been com-
pensated for by their activation with Con A. In a small
percentage of the aged, delayed addition of Con A
failed to reconstitute anti-SRBC PFC responses. Pro-
vision of exogenous helper T cells could successfuilly
induce antigen-specific antibody responses in some of
them. The remaining individuals failed to respond to
antigen despite provision of "optimal" help. Thus, in
the mnajority of the poor responders, a lack of B cell
response to specific immunization in vitro could be
attributed to deficiencies in the function of helper T
cells. Recently, poor antibody formation in aging
humanans in response to in vivo immunization with
tetanuis toxoid has also been attributed to helper T cell
defects (17).

Simultaneous analysis of PWM-induced polyclonal
stimulation of ISC in PBM of aged individuals showed
normal or decreased responses. The downward slope
of ISC in relation to advancing age was statistically
significant. Earlier, in a comparison of mean responses
of young and aged humans, secreted IgG has been
reported to be normal (18) or increased with normal
IgA and IgM (2) in supernatant fluids of PWM-stim-
ulated PBM cultuires of aged donors. Methods used for
quantifying B cell responses and for making com-
parisons between young and old were different in
these studies as compared with ours. We have quanti-
tated total rather than isotype-specific ISC, and have
quantified ISC at termination of culture as opposed
to determinations of immunoglobulin that accumulates

in culture supematant fluids during the entire culture
period. Changes might be present in immunoglobulin
production per cell which would not be accounted for
in a plaque assay. Our study deals with many more
subjects than either of those mentioned above, and
even in our study many individuals responded nor-
mally, and deficiencies of polyclonal responses were
less frequent than those of antigen-specific responses.
Analysis of the results by linear regression however
brought into focus a highly significant decline in log
ISC responses with aging.

It is of interest that in random serum samples of nor-
mal and poor responders in this assay system, IgG was
found to be frequently depressed in poor responders
but IgA and IgM were normal or elevated. Normal
responders all had normal levels of serum IgG. It is
possible that a poor ISC response indicated a con-
commitant or impending IgG deficiency in the aged
individuals. In testing peripheral blood lymphocytes,
however, one is testing a rather restricted lymphocyte
pool, and thus no definite conclusions can be made
about the biologic significance of poor polyclonal ISC
responses. Suffice it to say that the abnormality was
present in a statistically significant number of the aged
population tested here. Also of interest is the observa-
tion that of 12 poor responders, 10 were male. Auto-
antibodies, on the other hand, are more commonly
observed in females. Whether an existing deficiency
of polyclonal responses bears any relation (presumably
an inverse one) to development of autoantibodies re-
mains to be determined.
The complexity of aging becomes apparent in the

paradoxical observations that have been made during
investigation of immunologic functions. Suppressor
cell activity for example, has been found to be in-
creased (15, 16, 19-23) or decreased (24-26) with
aging. These observations suggest that a variety of
immunoregulatory imbalances may be associated with
aging, and that their expression may be closely linked
to the stage of aging, as well as to the genetic makeup
of the animal or individual being tested.
Spontaneous suppressor cells have been identified

in the lymphoid systems of old mice (15, 16, 19-21)
and inhibition of T cell-dependent as well as of T cell-
inldependent antibody responses has been observed.
Suppressor cells in aged mice have been shown to
belong to T cell lineage (16, 22) and also to be of non-T
cell origin (21). In our studies, evidence for increased
suppressor activity was sought for in an allogeneic co-
culture system with PWM stimulation. Deviations be-
yond the normal range of expected responses were ob-
served in several instances (14 of 43, [32%]) when aged
PBM were co-cultured with young PBM. Excessive
suppressor activity, which was observed in co-cultures
of 20% aged PBM did not correlate directly with
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poor ISC responses. Approximately halfthe individuals
whose cells showed excessive suppression in co-cul-
ture responded poorly. Of all poor responders tested
in this manner, again approximately half manifested
excessive suppression. Enhancement beyond expected
responses was observed in a few instances. These
findings reflect functional immunoregulatory imbal-
ances in peripheral blood lymphocytes of aged in-
dividuals. Determination of T cell surface antigen
phenotypes using monoclonal antibodies should prove
revealing in this context. In the assay systems used
here, it is not clear whether the suppressor cells
were spontaneous or activated by PWM, which is a T
as well as a B cell mitogen (27). The presence of
suppressor cells could either result in immunode-
ficiency and/or serve to perpetuate an already existing
immunodeficient state in some instances.

Cellular mechanisms involved in the breakdown of
immune surveillance resulting in uncontrolled activity
ofautoreactive B cells are not clearly understood. Aging
mice as well as aging humans tend to develop auto-
antibodies with or without overt disease manifesta-
tions. Excessive production of auto antiidiotype anti-
body (28) and antibody to modified self antigens (26)
has been describe in aging mice. The latter defect has
been attributed to lack of suppressor T cells. In
humans, studies of suppressor cell function in aging
have utilized the T cell mitogen Con A to activate sup-
pressor cells. In T cell proliferative assays, investi-
gations of Con A-induced suppressor T cells has
yielded somewhat conflicting results. Using a T cell
proliferative assay Hallgren and Yunis (24) observed
deficiencies in Con A-induced suppressor cell activity.
Antel et al. (23) however, using a somewhat different
experimental protocol, described increased Con A-
induced suppressor cell activity in aging humans. In
the system developed by Delfraissy et al. (4) for
quantifying specific antibody responses, deficiencies
were observed in the ability of Con A-activated aged
lymphocytes to suppress antibody responses of allo-
geneic lymphocytes. In agreement with the latter
findings, we observed that in the autologous system
used by us for activating suppressor cells, doses ofCon
A that regularly suppressed antibody responses in the
young failed to do so in a significant proportion of the
aged. In fact, in the aged population, this dose ofCon A
often enhanced antibody-producing cells, most likely
resulting from a preferential activation of helper cells
in the absence of activable suppressor cells. Whether
deficiencies of Con-A induced suppressor cells were
qualitative or quantitative needs further investigation.
Recent studies of Kishimoto et al. (3) using the PWM
system argue in favor of the former possibility.
Besides the existence of immunoregulatory dis-

turbances, a decline in the functional capacity of B

lymphocytes has also been shown to occur in aging
mice. In the present study, although abnormalities
in B cell function for the most part could be attributed
to deranged immunoregulatory mechanisms, defects of
B cells per se were not ruled out. Defects of B cells
may vary in intensity and may include, for example,
an increased requirement for helper T cells, increased
sensitivity to suppressor cells, and decreased capacity
of B cells to undergo terminal differentiation or to
produce immunoglobulin. Failure of induction of spe-
cific antibody-producing cells was in fact observed in
a few aged individuals despite provision of optimal
help. It is not known whether in this study population
any deficiencies existed in proportions or absolute
numbers of circulating B lymphocytes. Conflicting
reports exist showing normal (18, 29) or decreased (30)
B cell numbers in aging humans. Decreased numbers
of B cells oculd conceivably be present in some in-
dividuals and thereby play a significant role in produc-
ing the observed abnormalities of immunoglobulin
and/or antibody production. In the majority of aged
individuals, however, existing B cells in peripheral
blood could be induced to function adequately under
appropriate culture conditions.
Although statistically significant differences be-

tween responses of old and young volunteers were ob-
served in both PWM and antigen-specific culture sys-
tems, abnormalities were more pronounced in the
latter. B cell responses to antigen and to nonspecific
stimuli did not go hand in hand. Whereas 12% of aged
individuals had depressed responses to both stimuli,
some others had depressed responses only to PWM
or only to SRBC. These findings may reflect differences
in subpopulations of B cells that might respond to one
or the other stimulus. Responding B cells may differ
for example in their maturation stage or in the cellular
requirements for immunoglobulin or antibody produc-
tion. Our recent studies have, in fact, suggested that
mechanisms involved in specific and nonspecific acti-
vation of human B cells may be different.3
We have not dealt here with the influence of mono-

cytes on the humoral responses of aging individuals.
Direct evidence for age-associated defects in mono-
cyte function has not been documented. The antigen-
specific assay system used in the present study over-
comes existing monocyte deficits in the responding
population by the supplementation of cultures with
monocyte-derived factors. Polyclonal B cell responses
are relatively less dependent on monocytes in our
hands (unpublished observations) and in those of some
others (31, 32). Adherent cells have, however, been
shown in some situations to be able to inhibit humoral

3 Manuscript submitted for publication.
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immune responses (33, 34). This issue will be given
consideration in future studies.
The present study indicates that all the immunologic

abnormalities of humoral immunity that have been
described in the aged and/or autoimmune prone mice,
(viz. decreased B cell responses, increased spon-
taneous suppressor cells, decreased inducible sup-
pressor cells, decreased spontaneous helper cells,
and intrinsic B cell defects) may be observed in aging
humans. Of interest is the observation that a con-
siderable number of the aged individuals manifested
no abnormality whatsoever in vitro, illustrating the
variability of immunologic vigor in an aged human
population. The variability of the humoral immune
responses in vitro and ofimmunoregulatory imbalances
suggests that aging humans comprise a heterogeneous
group, and that certain individuals may be genetically
predisposed to develop one or more of the im-
mnunologic aberrations that are associated with aging.
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