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A B S T R A C T The response of lymphocytes from young
and old persons to phytohemagglutinin, pokeweed mito-
gen, or allogeneic lymphocytes has been measured.
Lymphocytes from old persons incorporated significantly
less tritiated thymidine as compared with lymphocytes
from young persons when cultured with plant mitogens
or allogeneic cells. The difference in observed lympho-
cyte reactivity could not be attributed to differences in
culture conditions required for maximal transformation
of lymphocytes from old or young subjects. The same
percentage of thymus-derived and bone marrow-derived
lymphocytes was found in the blood from old and young
persons. The relationship of these findings to the de-
cline of immunologic competence with age is discussed.

INTRODUCTION

The concept of immune surveillance suggests that the
growth of neoplasms may reflect a failure of cell-medi-
ated immunity. As the occurrence of cancer increases
with age from an incidence of 13/100,000 persons at age
15 yr to 3,000/100,000 persons at age 90 (1), this hy-
pothesis implies that cellular immune responses should
decline with age. We have tested this prediction by
comparing several parameters of immunological com-
petence in persons less than 40 yr old and in persons
over 75 yr old. The lymphocyte response to plant mito-
gens and allogeneic cells has been measured. Our re-
sults show that the response of lymphocytes from old
persons to allogeneic lymphocytes and to plant mito-
gens is depressed compared with the response of lympho-
cytes from young persons.

METHODS
Subjects. Blood was obtained from 25 persons between

the ages of 25 and 40 yr and from 23 persons between
the ages of 75 and 96. Care was taken to select subjects
free from diseases known to effect the reactivity of lym-
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phocytes in culture. Most of the older subjects had arterio-
sclerotic cardiovascular disease. None of the subjects tested
were taking drugs aside from vitamins, ferrous sulfate,
or laxatives. All subjects tested were Caucasian.

Lymphocyte culture. 12 ml of blood was drawn into a
syringe containing 100 U of heparin (The Upjohn Co.,
Kalamazoo, Mich.) and mixed in the syringe with an
equal volume of sterile 0.15 M NaCl. 12 ml of diluted
blood was layered over 3 ml of a mixture of Ficoll and
sodium diatrizoate (Hypaque) in a 17 X 100 mmplastic
tube (Falcon 2030, Falcon Plastics, Los Angeles, Calif.)
a technique modified after Boyum (2). The Ficoll-Hypaque
mixture consisted of one part 8%o (wt/vol) Ficoll (Phar-
macia Fine Chemicals, Inc., Piscataway, N. J.) mixed with
four parts of 50%o Hypaque (Winthrop Laboratories, New
York). The density of the mixture was adjusted to 1.078-
1.080 with distilled water. The preparation was sterilized
by passage through a 0.45 ,um Millipore filter (Millipore
Corp., Bedford, Mass.). The tubes containing the Ficoll-
Hypaque overlaid with blood were centrifuged at 800 g
for 20 min at room temperature. The layer of mononuclear
cells at the plasma Ficoll-Hypaque interface was removed.
suspended in medium RPMI 1,640 with 100 U/ml penicillin,
50 ,ug/ml streptomycin, and fresh glutamine 2 mM(Asso-
ciated Biomedic Systems, Inc., Buffalo, N. Y.), and cen-
trifuged for 10 min at 180 g. The supernate was discarded
and the cells resuspended at a concentration of 2 X 10'
lymphocytes/ml in culture medium with 10% heat-inacti-
vated human AB serum screened for atypical antibodies.
Lymphocytes represented 90%o of the white cells recovered.
22-69o of the blood lymphocytes were recovered. Lym-
phocyte recovery from blood of old or young subjects was
the same. Iron-dextran separation increased the purity of
lymphocytes recovered (95%o) without significantly altering
the yield. Lymphocyte cultures were established in tripli-
cate in sterile multiwell plates (Linbro IS FB 96 TC,
Linbro Chemical Co., New Haven, Conn.) in a total volume
of 0.2 ml. I ml of purified lymphocytes containing 2 X 10'
lymphocytes was mixed with 1 ,mg of purified phytohemag-
glutinin (PHA) 1 (Burroughs Wellcome Co., Research
Triangle Park, N. C.) in 0.1 ml of culture medium, or
with 2 gl of reconstituted pokeweed mitogen (PWM)
(Grand Island Biological Co., Grand Island, N. Y.) di-
luted to 0.1 ml with culture medium or with 0.1 ml of
medium containing 2 X 10' allogeneic lymphocytes irradiated
with 3,000 rads. Control cultures consisted of lymphocytes

I Abbreviations used in this paper: PHA, phytohemag-
glutinin; PWM,pokeweed mitogen.
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cultured with medium containing no mitogen or with irra-
diated autologous lymphocytes. Lymphocyte cultures con-
taining mitogen were incubated for 72 h, mixed lympho-
cyte cultures were incubated for 120 h. All cultures were
incubated at 370C in a 5% C02/95%o air environment.
6 h before the termination of the culture period, 1 ,tCi
[methyl-8H]thymidine in a 1 gl volume (sp act 2 Ci/mM,
New England Nuclear, Boston, Mass.) was added to each
well. At the end of the incubation period lymphocytes
were aspirated from the individual wells and washed with
distilled water using an apparatus based on a design of
Hartzman, Segall, Bach, and Bach (3). The labeled mate-
rial was collected on glass fiber paper (H. Reeve Angel
& Co., Inc., Clifton, N. J.), placed into 14.5 X 45-mm vials
to which 2.5 ml of Aquasol (New England Nuclear) was
added. The small vials were placed inside standard scin-
tillation vials and counted in a liquid scintillation counter.
The counting efficiency for tritium in these conditions
was 34%. The results of mitogen stimulation are given as
the increment in thymidine incorporated in the presence of
mitogen. The results of one-way mixed lymphocyte re-
action are expressed by the stimulation index. The incor-
poration of [3H] thymidine in one-way mixed lymphocyte
culture was divided by one-half the sum of the [3H]thymi-
dine incorporated by each member of the culture mixed with
irradiated autologous lymphocytes.

Identification of membrane iminunoglobulin-bearing and
sheep red cell rosette-forming lymphocytes. To isolate
lymphocytes, 20 ml of blood was drawn into a syringe
containing 1,000 U Heparin, 60 mg carbonyl iron (General
Aniline & Film Corp., Easton, Pa.) in 5 ml 6% dextran
(Abbott Laboratories, North Chicago, Ill.). After incuba--
tion in the syringe for 30 min at 370C, the mixture was
layered on top of Ficoll-Hypaque mixture. The cells iso-
lated as described above were resuspended in 1 ml Hank's
solution, counted, and adjusted to a concentration of 1 X 10'
lymphocytes/ml (90-95% of the cells were small mono-
nuclear lymphocytes).

Preparation of antisera. Antisera to purified human
monoclonal proteins were raised in rabbits and absorbed
with insoluble immunoadsorbents as described previously
(4). Two of such antisera were pooled to yield an anti-
serum with specificity for kappa and lambda light and
mu and gamma heavy chains. Conjugation of these anti-

bodies with fluorescein isothiocyanate was performed after
purification of the gamma globulin fraction (5). The
labeled antibody had a fluorescein protein ratio of 2.9 and
was used at a protein concentration of 2-3 mg/ml.

Preparation of sheep red cells. Sheep red cells were
obtained from Animal Blood Centre, Inc., Syracuse, N. Y.
The cells were treated with neuraminidase from Vibrio
Cholerae (Behring Diagnostics, Woodbury, N. Y.) to en-
hance their binding to lymphocytes, as described by Weiner,
Bianco, and Nussenzweig (6).

Combined assay for membrane immuinoglobulin-bearing
and sheep red cell rosette-forming cells. 0.05 ml of puri-
fied lymphocytes containing 0.5 X 106 cells was mixed with
0.05 ml of appropriately diluted fluorescein-conjugated anti-
serum and incubated for 15 min at room temperature. After
two washings, cells were resuspended in 0.5 ml Hank's
solution and 0.5 ml of a 0.5%o neuraminidase-treated sheep
red cell suspension was added. The cell mixture was incu-
bated for 15 min at 370C in a water bath, centrifuged for
10 min at 200 g at room temperature, and incubated for
15 min on ice. Two-thirds to three-quarters of the super-
nate was removed and the cell button gently resuspended.
The preparation was examined as suspension under a nail
polish-sealed cover glass with a Zeiss- Universal Micro-
scope (Carl Zeiss, Inc., New York) under phase contrast
illumination and with incident light immunofluorescence
employing HBO 200 mercury lamp, BG 38 and BG 12
excitation filters, and 52 barrier filter. Each field was

evaluated for immunofluorescent cells, rosetted cells, and
"null cells," for each preparation at least 200 cells were
examined.

Statistical analysis. Experimental groups were compared
statistically using the unpaired Student's t test. The mean

and standard error of the mean are given.

RESULTS
Response of lymphocytes from old and young subjects

to plant lectins. Lymphocytes from old and young sub-
jects were cultured in the absence and the presence of
PHA or PWM. Lymphocytes from old subjects incor-
porate less thymidine into DNA in the absence and in

TABLE I
Response to Lymphocytes from Old and Young Persons to PHA orP VKM*

Mitogen present
Mitogen

Lymphocyte donors absent PHA PWM

cpm/culture cpm/cullure

Young persons (25) 487± 61t 41,5574±6,061§ 14,58442,896§
(100-900)11 (2,900-98,611)11 (400-60,300)11

Old persons (23) 369±62t 20,952±3,356§ 5,440±887§
(100-700)11 (3,010-63,140) 11 (900-19,200)11

* 2 X 105 lymphocytes were cultured with and without PHAor PWMfor 3 days in
0.2 ml volume of medium RPMI 1,640 with 10%AB serum. 6 h before the termination
of culture 1 juCi of [3H] thymidine was added to each well containing cultures. The
mean and standard error of the mean is given.
t Not statistically significant P > 0.05.
§ Statistically significant P < 0.005.
11 Range of observed data.
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TABLE II
Response of Lymphocytes from Old and Young Persons to

Allogeneic Lymphocytes*

Stimulation
Responder cell donor Stimulator cell donor index

3,000 rad

Young persons (25) All cell combinations tested (74) 8.14±0.5
(3.1-23)4

Old (42) 7.940.6
Young (32) 8.4±0.8

Old persons (23) All cell combinations tested (88) 5.140.4
(1.5-2 1)$

Old (48) 5.6±0.6
Young (40) 4.7±- . 4

* 2 X 105 lymphocytes and 2 X 105 irradiated allogeneic were cultured in
0.2 ml of medium RPMI 1,640 with 10% AB serum for 5 days. 1 1ACi of
[3H]-thymidine was added to each well containing cultures 6 h before the
termination of culture. Control cultures consisted of lymphocytes mixed
with irradiated autologous lymphocytes. The mean stimulation index and the
standard error of the mean is given. The reactivity of responding lympho-
cytes from old persons is significantly less (P < 0.001) than that of lympho-
cytes from young persons in all cases tested.
t Range of data observed.

the presence of the plant lectins than do lymphocytes
from young persons (Table I).

In the absence of mitogen the difference observed be-
tween old and young subjects was not significantly dif-
ferent. However, in the presence of mitogen, thymidine
incorporation by lymphocytes from old persons is sig-
nificantly decreased compared with that by lymphocytes
from young persons (Table I). Thus lymphocytes from
old subjects do not respond as well to PHAor PWMas
do lymphocytes from young persons.

Mixed lymphocyte reactivity of lymphocytes from old
and young subjects. Lymphocytes from old persons in
mixed lymphocyte culture are stimulated less by allo-
geneic lymphocytes than are lymphocyte from young
persons (Table II). The depressed reactivity was evi-
dent when the results of mixed lymphocyte cultures were
expressed either as the increment in thymidine incorpo-
rated or as the stimulation index which is shown in
Table II. As stimulator cells, lymphocytes from old and
young subjects functioned equally in mixed lympho-
cyte culture. Thus, the decreased reactivity observed in
mixed lymphocyte cultures from old subjects is due to
a decreased capacity of lymphocytes from old persons
to react to allogeneic cells. This conclusion is supported
by the results of 36 reciprocal cultures included in the
data in Table II. When lymphocytes from an old and
young person were tested, paired as both responder and
stimulator cells, reactivity in 84% of these reciprocal
comparisons was decreased when lymphocytes from
the old subject were used as responder cells.

Effect of serum from old and young persons on the
mixed lymphocyte reaction. The preceding study of
mixed lymphocyte reactivity employed washed lympho-
cytes cultured in pooled AB serum and suggested an
intrinsic defect in the reactivity of lymphocytes from
older subjects. Autologous serum supports lymphocyte
transformation in mixed lymphocyte culture better
than does pooled AB serum (Table III). There is,
however, no evidence that serum from young persons
supports mixed lymphocyte reactivity more effectively

TABLE III
Mixed Lymphocyte Culture in the Presence of Pooled AB Serum

and Autologous Serum

Stimulation autologous serum

Lymphocyte
donor Stimulation AB serum

Young (8) 2.21i0.36
(1.7-2.9)4

Old (7) 1.90±0.35
(1.7-2.8)1

* Lymphocytes from young and old persons were cultured
with irradiated allogeneic lymphocytes in AB plasma and
in the serum of the responder lymphocyte donor. The stimu-
lation of thymidine incorporation by mixed cultures in the
presence of autologous serum has been divided by that result-
ing from mixed cultures in the presence of AB serum. The
difference observed is not statistically significant.
I Range of data observed.

Lymphocyte Function in the Aged 101



12

8

x

a
z

z
0

E-4
CC

2:
Ed4
Vn

4

oj
5 7

INCUBATION PERIOD
(DAYS)

9

FIGURE 1 Mixed lymphocyte cultures between three pairs
of old and three pairs of young subjects were studied after
5-9 days of culture In each mixed lymphocyte culture
2 X 10' of responding and stimulating lymphocytes were
incubated in 0.2 ml of RPMI 1,640 with 10% AB serum.
6 h before the termination of cultures 1 pCi ['H]thymidine
was added to each culture.

than does serum from old subjects. Additional experi-
ments indicated that lymphocytes from old subjects do
not react better to allogeneic cells when cultured in
serum from young persons and lymphocytes from young
persons are not depressed when cultured in serum from
old subjects. Thus, no serum factor was found to con-
tribute to the depressed reactivity of lymphocytes from
old persons in mixed lymphocyte culture.

Optimal conditions for mixed lymphocyte reactivity.
Further experiments were designed to exclude the pos-
sibility that the depressed reactivity of lymphocytes from
older persons to allogeneic cells results from a difference

in optimal culture conditions for mixed lymphocyte re-
action. These conditions had been established as optimal
using lymphocytes from younger subjects. The mixed
lymphocyte reaction between lymphocytes from old and
young persons was measured after 5, 7, and 9 days in
culture (Fig. 1). The results shown are the mean of an
experiment comparing the response of three pairs of
old and three pairs of young lymphocyte donors. At each
time studied, lymphocytes from young persons responded
more actively in mixed lymphocyte culture than lympho-
cytes from old persons. Other studies showed that maxi-
mnal thymidine incorporation by responding lymphocytes
from either old or young persons required the same num-
ber of stimulator cells (2 X 10').

Distribution of thymus-derived and bone marrow-de-
rived lymphocytes in the blood of old and young subjects.
Lymphocytes that respond to allogeneic cells in culture
are derived from the thymus gland. The depressed reac-
tivity of lymphocytes from old persons in mixed lympho-
cyte culture may reflect either a reduced number of thy-
mus-derived lymphocytes or a depressed reactivity of a
normal number of these cells. To investigate these al-
ternatives, the percentage of thymus-derived lympho-
cytes in the peripheral blood obtained by the Ficoll-
Hypaque purification method was determined. Thymus-
derived lymphocytes were identified by their capacity to
form rosettes with sheep erythrocytes (7). Bone marrow-
derived lymphocytes were identified by their carrying
surface membrane immunoglobulin. There was no sig-
nificant difference in the distribution of thymus-derived
or bone marrow-derived lymphocytes in old or young
subjects (Table IV). Thus, 79-87% of blood lympho-
cytes from both old and young persons could be identi-

TABLE IV
Rosette-Forming Lymphocytes and Immunoglobulin-Bearing Lymphocytes from

Blood of Old and Young Persons

Percent of recovered lymphocytes

Immuno-
Lymphocytes Rosette- globulin-

Lymphocytes recovered forming bearing Null
Experiment Blood donor per ml blood from 1 ml blood cells cells cells

X10-6 X10-x1 % % %

I Young persons (6) - 79±1.1 17±1.1 4.0
Old persons (6) - - 82 1.9 15 ± 1.6 3.0

II Young persons (6) 27.66±2.38 11.32±1.25 87±1.5 1241.4 0.7
Old persons (6) 24.50±1.65 10.50±t0.59 86±1.6 12±3.1 1.7

Percentage of lymphocytes that formed rosettes with sheep erythrocytes or carried immunoglobulin determinants
were assessed in Ficoll-Hypaque purified blood lymphocytes from old and young subjects. The difference in the
distribution of lymphocyte markers between old and young persons was not statistically significant. The number
of lymphocytes in the blood of old and young persons was not significantly different and their recovery was
comparable.
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fied as thymus derived, 12-17% as bone marrow de-
rived, and 0.7-4.0% of the lymphocytes reacted with
neither anti-immunoglobulin nor sheep erythrocytes.

DISCUSSION

This study demonstrates that lymphocytes from old per-
sons have a decreased mitogenic response to plant mito-
gens and allogeneic lymphocytes when compared with
lymphocytes from young persons. This functional differ-
ence in lymphocytes from old subjects cannot be at-
tributed to a difference in conditions required for opti-
mal lymphocyte transformation in vitro such as the
source of serum, duration of culture, or number of stimu-
lating cells. The absolute number of lymphocytes (8)
and the percentage of thymus-derived lymphocytes in the
blood of old and young subjects is identical. The altered
reactivity observed probably results from a deficiency or
dysfunction of that subset of thymus-derived lympho-
cytes that respond to foreign histocompatibility antigens.
As the number of thymus-derived lymphocytes is main-
tained in aged subjects it is more likely that a cofactor
necessary for the expression of cellular immunity is
deficient. Recently, the concentration of thymosin in
the blood has been found to decline with age (9). A low
level of thymosin may be related to the impaired reac-
tivity of lymphocytes from old subjects.

Impaired immunologic reactivity has been recognized
in aged experimental animals and man. Both cellular and
humoral immunity are altered in the aged. Animal stud-
ies by Makinodan Perkins, and Chenl (10) have re-
vealed that 100-wk old mice retain only 10% of their
humoral response to sheep erythrocytes found in 20-wk
old animals. Simonsen (11) showed that lymphocytes
from old animals did not induce graft-vs.-host disease
and recently Konen, Smith, and Walford (12) reported
that lymphocytes from old mice have a depressed reac-
tivity in mixed lymphocyte culture.

Studies in man have also revealed that the aged are
immunologically compromised. Waldorf, Willkens, and
Decker (13) found that significantly fewer old subjects
can be sensitized to dinitrochlorobenzene and Anderson
(14) showed that aged persons do not express the
lymphocyte transfer reaction normally. The latter ob-
servation is particularly relevant to the present study as
the lymphocyte transfer reaction is a mixed lymphocyte
reaction carried out in vivo. The response of lympho-
cytes from persons of different ages to PHA in vitro
has been studied by Pisciotta, Westring, De Prey, and
Walsh. Lymphocyte transformation induced by PHAde-
clined progressively with the age of the lymphocyte
donor. This defect was not attributable to an effect of
serum from old persons and has been confirmed in this
study.

The factors responsible for the immune defect seen in
the aged has been most extensively studied by Price
and Makinodan (16). Using limiting dilution analysis,
these investigators found that the number of splenic im-
munocompetent units in aged mice was A that found in
young animals. Not only was a deficiency of lymphoid
elements found but an impairment in "antigen process-
ing" was suggested by the need to raise the immunizing
dose of antigen 10-fold to maximally stimulate old mice.
In further studies (17) a defect in addition to that
found in the splenic lymphoid population was demon-
strated by the fact that splenic lymphocytes from young
animals were less active when transferred into old as
compared with young irradiated syngeneic recipients.

The significance of the waning of immunologic vigor
is debated. Burnet (18) and Walford (19) have sug-
gested that age-related immunologic incompetence may
be causally related to the aging process itself and the
increasing incidence of cancer and so-called, "autoim-
mune" phenomena with age. These suggestions have
been supported by experimental studies. Fabris, Pier-
paoli, and Sorkin (20) have shown that the transfer of
lymph node lymphocytes from normal Snell-Bagg mice
prolongs the life of dwarf Snell-Bagg mice which nor-
mally die prematurely. Stjernsward (21) has shown
that the resistance of mice to transplanted tumors at
various ages is closely correlated with their capacity
to respond to sheep erythrocytes. Teller, Stohr, Curlett,
Kubisek, and Curtis (22) showed that the decline of
immune competence in aging Swiss mice as measured
by their capacity to reject skin and tumor grafts was
directly correlated with an increasing incidence of spon-
taneous tumors. The results of our study in man sup-
ports the immune surveillance hypothesis. In fact, the
tumor-free, aged subjects we studied may have possessed
significantly better immune reactivity than patients who
had died, developed cancer, or developed autoimmune
diseases. Only a prospective study will document whether
a depression of immunologic reactivity is a significant
risk factor in premature death, or the occurrence of can-
cer or autoimmune diseases in man.
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