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Abstract

Using cDNA probes to human interleukin 2 (IL2) and inter-
leukin 2 receptor (IL2R), the amount of IL2 and IL2R mRNA
produced by PHA stimulated peripheral blood mononuclear
cells from young (< 40 yr) and old (> 60 yr) donors was quan-
titated. Stimulated cell cultures from each individual were also
examined for proliferative ability, expression of membrane
IL2R, membrane IL2R density, and for the amount of IL2R
shed into the culture supernatant. Induction of IL2 and IL2R
mRNAswere decreased in cells from elderly individuals, as
were the levels of IL2 secretion, the percentage of IL2R+ T
cells and the density of membrane IL2R per cell. The results
suggest that decreased expression of both IL2 and IL2R
mRNAcontributes to the low synthesis of IL2 and membrane
IL2R, respectively, and is partially responsible for the dimin-
ished proliferative activity observed in lymphocytes from the
elderly.

Introduction

Antigen and mitogen activate T cells to secrete IL2 and express
membrane IL2R (1). T cell proliferation, although dependent
upon the interaction of cells and the activation stimulus (2), is
actually initiated by signals generated after the binding of IL2
with its membrane receptor (IL2R)' (3). Therefore, any defect
in the production or secretion of IL2, or in the expression of
membrane IL2R can contribute to a low proliferative re-
sponse. Furthermore, recent studies have shown that activated
T cells shed IL2R into the cell culture supernatant (4) and that
this soluble IL2R is capable, under specific experimental con-
ditions, of binding IL2 (5, 6). While there is no clear evidence
that soluble IL2R have a physiologic role, they may function
to downregulate IL2 driven immunoproliferation.

Previous studies have demonstrated that IL2 secretion by
T lymphocytes of both experimental animals and humans de-
creases with age (for review see references 7 and 8). Although
reconstitution of in vitro cell mediated immunity by exoge-
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nous IL2 has been reported (9), most studies demonstrate that
exogenous IL2 is incapable of fully restoring the low prolifera-
tive response of cells from aged animals or elderly humans
(10-12). This suggests that along with less IL2 secretion by
cells from old donors, there may be a defect in membrane
IL2R expression as well. Since the synthesis of IL2 and IL2R is
regulated at the level of mRNA(13, 14), the present study
utilized cDNA probes to examine IL2 and IL2R mRNAex-
pression. Wepresent evidence of decreased mRNAaccumula-
tion for IL2 and IL2R in PHA-stimulated cells from old indi-
viduals. The results also show decreases in the synthesis of
IL2R in general, as well as in the percentage of IL2R positive
cells and the membrane IL2R density per cell. There was also a
slightly greater loss of membrane-associated IL2R by PHA-ac-
tivated PBL from old individuals.

Methods

Separation of PBL. Fresh heparinized blood was obtained from
healthy laboratory personnel less than 40 yr of age (n = 13; age
= 28.7±1.4 yr; mean±SEM) and volunteers of over 60 yr of age (n
= 17; age = 74.4±1.9 yr) participating in Baltimore Longitudinal
Study on Aging (BLSA). The criteria of selection of healthy volunteers
has been described previously (15). The blood was diluted twofold in
RPMI 1640 containing 2% fetal bovine serum (FBS) (Hazleton Re-
search Products, Lexena, KS), and centrifuged at 400 gfor 30 min over
Ficoll-sodium diatrizoate (LSM; Litton Bionetics, Kensington, MD).
Cells from the interface were collected and washed three times in
culture medium. The resulting PBL were suspended in complete cul-
ture medium, which consisted of RPMI 1640 (Gibco Laboratories,
Grand Island, NY), 10% FBS, and 100 Ag/ml gentamycin.

Proliferation assay. PBL (105/well) were cultured in triplicate in
96-well flat-bottomed microculture plates (Costar, Cambridge, MA) in
a total volume of 0.2 ml. The cultures were stimulated with PHA
(PHA-P; Wellcome Reagents Ltd., Beckenham, UK) at a final concen-
tration of 0.5 ,jg/ml. The cultures were incubated at 37°C for 72 h in a
humidified atmosphere with 5% CO2 in air. Cell proliferation was
quantitated by [3H]thymidine (1 uCi/well, 2 Ci/mmol sp act, New
England Nuclear, Boston, MA) incorporation during the last 18 h of
culture. The cells were harvested onto glass fiber filters, washed in
succession with water and methanol, and air-dried before the addition
of scintillation fluid and subsequent analysis by scintillation counting.

IL2 assay. Supernatants for IL2 determination were collected after
24-72 h in culture. IL2 was assayed by determining the ability of the
culture supernatant to stimulate [3H]thymidine incorporation by IL2-
dependent cytotoxic T cell line (CTLL)-2 cells (16). For this bioassay,
100 ,l of the culture supernatant was twofold serially diluted in com-
plete culture medium supplemented with 5 X 10-s M2-mercaptoeth-
anol. 5,000 CTLL in a volume of 100 ,ul were added to each well and
the plates were incubated at 37°C for 24 h. For the last 4 h of culture, I
MCi of [3Hjthymidine was added to each well and thymidine incorpora-
tion into DNAwas measured. Partially purified laboratory standard
IL2 was titrated in each experiment to provide a standard curve. In
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selected experiments recombinant IL2 (Genzyme, Boston, MA) and
BRMPReference Reagent Human IL2 (Jurkat) (Biological Response
Modifiers Program, National Cancer Institute, Frederick Cancer Re-
search Facility, Frederick, MD) were also used as standards. The units
of IL2 were based on and expressed as BRMPunits.

Flow cytometric analysis of IL2 receptors. The expression of
membrane IL2R on PBL was examined with a fluorescein conjugated
anti-IL2R monoclonal antibody (Becton Dickinson Co., Mountain
View, CA). The culture conditions were the same as described for the
proliferation assay. After 72 h of stimulation, cells from three micro-
titer wells were pooled, washed, and then stained with the FITC con-
jugated anti-IL2R antibody and propidium iodide (PI) as described
previously (17, 18). Cell preparations were analyzed on a flow cyto-
meter with an integrated computer (Ortho Cytofluorograf 50H with a
2150 Data Handling System; Ortho Diagnostics, Westwood, MA).
Histograms were generated from live cells as determined by forward
scatter and fluorescein fluorescence. Only viable cells (i.e., those not
stained by PI) were analyzed for IL2R expression.

Soluble IL2R assay. PBL (5 x 101) were cultured in I ml of com-
plete medium in 75 X 100 mmplastic tubes in a 5%CO2and humidi-
fied environment. After 72 h, tubes were vortexed and then centri-
fuged. Supernatants were saved for soluble IL2R assessment. The cell
pellet was washed three times in PBS, pH 7.2, and then dissolved in I
ml of 1%Triton X-100 (Sigma Chemical Co., St. Louis, MO). All test
samples were stored at -70°C until assayed for IL2R. A commercial
ELISA kit was used according to the manufacturer's instructions.
IL2R concentrations are expressed in units per milliliter. 1,000 U is
defined by the manufacturer as the amount of soluble IL2R in 1 ml of a
standard reference preparation of supernatant from PHA-stimulated
PBL (T Cell Sciences, Cambridge, MA).

Preparation and analysis of mRNA. PBL were cultured in 75-cm2
flasks at a density of 106 cells/ml. After 6 and 14 h of stimulation, cells
were collected by centrifugation and washed with ice-cold PBS, pH 7.4.
Total cellular RNAwas extracted in 4 Mguanidinium isothiocyanate
and pelleted through a cesium chloride cushion (19). For Northern blot
analysis 10-20 sg/lane of total RNA, denatured by heating to 65°C in
50% formamide, was electrophoresed on a formaldehyde gel (1%) as
described by Thomas (20) and transferred to a membrane (Gene
Screen Plus; DuPont/New England Nuclear, Boston, MA). Plasmids
containing cDNAs encoding the human IL2R (provided by Dr. War-
ren C. Leonard, National Cancer Institute, Bethesda, MD) (21),
human IL2 (22), and human actin (provided by Dr. Laurence H.
Kedes, Stanford University School of Medicine, Palo Alto, CA) (23)
genes were labeled to a high specific activity with [32P]CTP using the
random primer method (24). The membrane was hybridized with the
probes at 42°C for 24 h in a mixture containing 50% formamide, 1%
SDS, 1 Msodium chloride, 10%dextran sulfate, and 100 ,gg/ml salmon
sperm DNA. After hybridization, the blots were washed at room tem-
perature for 5 min in 2x SSC (lx SSC is 0.15 MNaCl, 0.015 M
sodium citrate, pH 7.2) followed by a second wash at 60°C for 30 min
in 2X SSC- 1.0% SDS, and by a third wash at room temperature in 0. 1 X
SSC. Air-dried filters were exposed at -70°C to Kodak XAR film
(Eastman Kodak, Rochester, NY) with intensifying screens. Quantita-
tive analysis of autoradiograms from Northern blot analysis was per-
formed using a scanning densitometer with the results presented as
arbitrary units corresponding to the relative areas under the peaks.

Data analysis and statistics. The significance of the difference be-
tween group means was analyzed by the t test for unpaired samples. P
values < 0.05 were taken as statistically significant.

Results

Proliferative ability and IL2 secretion. As shown in Table I, the
[3H]thymidine incorporation into DNAof PHA stimulated
PBL was significantly lower in cells from old donors. To
ascertain that this alteration in proliferative ability was not
accounted for by alterations in the representation of the T cell

Table I. Effect of Age on PHA-induced Cell Proliferation and IL2
Synthesis by Cells from Young and Old Donors

Young Old Significance*

Proliferation 136,200±9,761 72,450±8,129 P < 0.001
(cpm)

IL2 (U/ml) 14.9±2.7 8.3±1.9 P < 0.05

Data for proliferation are [3H]thymidine incorporation in counts per
minute (mean±SEM, n = 13 for young and 17 for old).
IL2 activity was calculated by probit analysis and is expressed in
BRMPReference Standard Human IL2 (Jurkat) units.
* t test.

subpopulations, the T cell subsets of each individual in the
study were examined with monoclonal antibodies specific for
T cells (OKT3, CD3), helper/inducer T cells (OKT4, CD4),
cytotoxic/suppressor T cells (OKT8, CD8), and the SRBCre-
ceptor (OKT 11, CD2) (Ortho Diagnostics, Raritan, NJ). As
shown in Table II, there was no statistically significant differ-
ence between the young and elderly groups for CD3, CD8, or
CD2 phenotypes. Among the individuals studied, the elderly
group had a slightly (P < 0.05) increased representation of
CD4+ cells. IL2 production of the PHA-stimulated cultures
was bioassayed using an IL2-dependent cloned cytotoxic T cell
line (CTLL-2). Although there was considerable variation
among the individuals in each group, elderly subjects pro-
duced approximately one-half the amount of IL2 as the young
donors (Table I).

Cell membrane IL2R expression. The documented inabil-
ity of exogenous IL2 to consistently and fully correct the low
proliferative capacity of cells from old donors suggests that in
addition to low IL2 secretion there are other defects present.
To test one possibility, cultures of PHA-stimulated cells from
young and old donors were washed, stained with an FITC-la-
beled anti-IL2R monoclonal antibody and examined for-
cell membrane IL2R expression by flow cytometry. This was
routinely done after 72 h of PHA stimulation since prelimi-
nary experiments, as well as previous reports (25), demon-
strated maximal expression of membrane IL2R at this time.
Stimulated cells from old donors demonstrated a significantly
(P < 0.001) lower percentage of IL2R positive cells
(50.6±3.0%; mean±SEM) when compared with cells from the

Table IL Effect of Age on T Cell Subsets Determined
by Monoclonal Antibodies

Percent positive cells

Young Old Significance

OKT3 (CD3) 64.3±2.5* 63.9±3.5 NSt
OKT4 (CD4) 41.4±2.5 49.8±3.0 P< 0.05
OKT8 (CD8) 23.4±2.0 19.5±3.0 NS
OKT11 (CD2) 78.0±1.7 78.8±3.1 NS

* Percentage of positive cells within the peripheral lymphocyte popu-
lation determined by single color flow cytometry.
Mean±SEM, n = 13 for young and 15 for old.

t t test.
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young donors (73.1±2.7%). The lower percentage of stained
IL2R positive cells in the cultures from the old donors corre-
sponded with the low proliferative response of these cells (Fig.
1). There was less concordance between IL2 produced by the
cells and IL2R expression. Despite large variations in IL2 pro-
duction the IL2R expression segregated into two groups. Most
young individuals (9/12) produced > 5,000 U/ml of IL2R,
whereas only 2/15 elderly donors synthesized this amount of
IL2R (Fig. 2). As shown in Fig. 3, there was considerable over-
lap among individuals in the young and old groups in the
amount of both IL2 and IL2R produced. There was certainly
no trend toward the greatest defects being found in the oldest
individuals and raises the question of a survivor effect in these
persons. In Fig. 4 representative histograms of the fluorescence
distribution of IL2R on 72-h PHA-activated cells from four
young and four old donors are shown. Whenthe pattern of the
fluorescence intensity was examined, it was apparent that the
stimulated cells from the young and aged donors displayed
major differences in the amount of fluorescence as well as the
percentage of stained cells. Since the number of cells analyzed
was constant (10,000) and the electronic gain for fluorescence
was standardized, this difference in fluorescence intensity was
quantitated by arbitrarily dividing the histogram at channel
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100 and determining the percentage of cells in both the high
(> 100) and low (< 100) regions. Stained cells from young
subjects showed a pattern of distribution in which 59.8±3.9%
(mean±SEM) of the cells were present in channels above num-
ber 100, while the stained preparation of cells from elderly
donors only had 38.7±3.0% of the cells present in the same
area. This difference is statistically significant (P < 0.001) and

a:
w

co
ID

z

-J

w

% POS- 75 6

21 9 288

% POS- 68.2

200
% POS- 74 4

20
% POS- 74 7

; _

209

e;
218

208

Pos- 39.5

2E
A

% POS- 52. 6

-

% POS- 36.2

I1I
2510 208

n POS .46.5

Li m

FLUORESCENCEINTENSITY

Figure 4. Cytograms of the fluorescence distribution of IL2R on

lymphocytes from young and aged donors. Cells from 72-h PHA
stimulated cultures of PBL were stained with a FITC labeled mono-

clonal antibody specific for IL2R. The percent positive cells were cal-

culated after subtracting the fluorescent stained cells in the unstimu-

lated cultures from those in the PHAstimulated cultures. Note that

among the old donors (right panels) there are fewer numbers of IL2R

positive cells in the higher intensity channels on the right of each his-

togram.

1098 Nagel, Chopra, Chrest, McCoy, Schneider, Holbrook, and Adler



provides evidence that cells from young persons have either a
greater density of IL2R per unit surface area or their cells are
larger with a correspondingly greater surface area able to bind
more FITC-labeled antibody. After detergent solubilization,
membrane-associated IL2R in the cell pellet were also quanti-
tated by ELISA. As shown in Table III, cells from elderly
donors had significantly fewer (P < 0.05) membrane-asso-
ciated IL2R.

Soluble IL2R. Since the data indicated that cells from el-
derly donors have fewer cell membrane-associated IL2R, we
designed experiments to determine whether there was de-
creased IL2R synthesis or an increased loss of IL2R from the
cell membrane. No measurable levels of IL2R, either cell as-
sociated or in the culture supernatant, could be detected in
unstimulated cell cultures (data not shown). The lower limit of
detection in this assay is 50 U/ml. As shown in Table III,
culture supernatants of cells from elderly donors contained
significantly less (P < 0.01) soluble IL2R in the culture media
compared to cultures of cells from young donors. Likewise,
levels of cell-associated IL2R measured by ELISA were also
decreased in the cells from the aged subjects. This data suggests
that there is a greater density of IL2R on the cells from young
donors, since there is not a two- to threefold increase in the
number of cells in the cultures from the young subjects. This
question could not be definitely answered by the present ex-
periment since the agglutinating properties of the PHAwith
resulting clumping of cells made it impossible to accurately
determine the total number of cells in a 72-h PHA-stimulated
culture. However, the finding that there is greater expression of
IL2R on the cells from young donors agrees with the data
obtained using the fluorescent anti-IL2R on the flow cyto-
meter.

IL2 and IL2R mRNA.The decreased IL2 secretion and cell
membrane expression of IL2R by cells from elderly donors
after PHAstimulation could be due to decreased protein syn-
thesis or could reflect an increase in IL2R turnover rate or a
difference in the distribution of receptors already present in
the cell. To examine the possibility that the decreased IL2
secretion and IL2R expression reflected decreased genetic ex-
pression, cytoplasmic RNA from 6 (for IL2) and 14 h (for
IL2R) PHA stimulated PBL of young and old donors was
analyzed for IL2- and IL2R-specific mRNAsusing Northern
blot analysis. Cultures were harvested after 6 and 14 h of PHA
stimulation because preliminary experiments as well as pre-
vious reports (26) demonstrated maximal accumulation of IL2
and IL2R mRNAsat these respective times. Equal quantities
of total RNA (ranging from 10 to 20 gg/lane for different
experiments) from cells from young and old donors were

loaded onto the agarose gels. The amount of RNAon the gel
was verified by probing the blots with an actin cDNA, and
additionally, in some experiments with a poly (T) cDNA. The
levels of mRNAfor both IL2 and IL2R were consistently less
in RNApreparations from the cells from elderly donors as
compared with the young donors. A typical Northern blot
pattern comparing IL2 and actin mRNAexpression in RNA
preparations from three young and five old donors is shown in
Fig. 5. While relatively minor differences in the expression of
actin were seen from one lane to the next, marked differences
in the expression of IL2 mRNAwere observed. Fig. 6 shows
the results of the densitometric analysis of the IL2 (top) and
IL2R (bottom) mRNAbands obtained from Northern blot
analysis of RNAfrom 13 young and 17 old donors. The area
under the curve for IL2 mRNAwas 1,852±412 (mean±SEM)
for the samples from young subjects and 685±116 for the
samples from the elderly group (P < 0.01). The amount of
IL2R mRNA from samples from the elderly group
(3,022±298) was also less than that seen with samples from the
young group (4,860±698; P < 0.01). Unstimulated cells from
either young or old donors did not produce detectable mRNA
bands when probed for either IL2 or IL2R.

Discussion

Several observations form the basis for hypotheses to explain
the relative inability of lymphoid cells from aged donors to

young old
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Table III. PHA-stimulated PBL Express Less IL2R

Membrane IL2R Soluble IL2R

U/mi U/mi

Young 4,299+915* 4,397±1,093
Old 1,618±643 1,545±290

* (Mean±SEM, n = 13 for young and 15 for old).
Units of IL2R were determined by ELISA and compared to a stan-
dard reference supernatant from a PHA-stimulated human PBL
preparation arbitrarily defined as 1,000 U/ml.

Figure 5. Northern blot analysis of IL2 mRNA.Total cellular
mRNAfrom 6 h PHA-stimulated PBL was extracted in the presence
of 4 Mguanidinium isothiocynate and then separated by centrifuga-
tion in a Beckman SW50.1 rotor at 38,000 rpm for 18-22 h at
25°C. Following electrophoresis on a 1% formaldehyde denaturing
gel and capillary transfer to a nylon membrane, the blots were hy-
bridized with a random primer 32P-labeled cDNAprobe specific for
human IL2. The amount of RNAloaded in each lane was verified by
stripping the 32P-labeled IL2 probe from the membrane with re-
peated hot 0.01 X SSCand 0.0 1%SDStreatments and hybridizing
with a 32P-labeled actin cDNA. Two autoradiographs are shown here.
Young donors (< 40 yr) are in lanes 1-3 and old (> 60 yr) donors in
lanes 4-8.
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proliferate in vitro. These include increased sensitivity to cell
cycle arrest by [3H]thymidine (27), defect(s) in nuclear func-
tion (28), increased nuclear and cell membrane rigidity (29,
30) and a diminished production of and response to IL2 (10,

1, 31). Recent studies have described an age-related decline in
the ability of rat lymphocytes from old animals to express IL2
mRNA(32).

Lymphocytes stimulated by either antigen or mitogen, pro-

gress through a cell cycle after receiving an initial signal gener-

ated by the binding of IL2 to its specific high affinity receptor

on the cell surface (3). This binding is crucial in determining
the proportion of cells that enter the proliferative phase of the
cell cycle (33). Therefore, a defect in IL2 secretion or high
affinity IL2R expression would tend to lead to a decrease in a

proliferative response. In the present report this process was

studied further and IL2 secretion, membrane IL2R expression,
and mRNAlevels for both IL2 and IL2R were quantitated.
The results demonstrated that in PHA-stimulated cultures of
PBL from old individuals there was: (a) decreased IL2 secre-

tion, (b) decreased percentage of IL2R positive cells, (c) a di-
minished IL2R density per cell, and (d) a decrease in both IL2
and IL2R specific mRNAexpression.

Activated T cells are known to express both low and high
affinity IL2R (33). Recent studies indicate that the high affin-
ity IL2R is composed of two protein subunits, both of which
can bind IL2 but with different affinity and kinetics (34-36).
One subunit (,8) is a 70-75-kD glycoprotein (p70) that binds
IL2 with an intermediate affinity (34, 37-39). When this pro-

tein noncovalently joins a 55-kD glycoprotein (p55) a-subunit
(also known as the low affinity receptor or Tac protein), a high

affinity IL2R is formed. Until recently, it was thought that
only the high affinity IL2R was internalized and capable of
transducing the IL2 signal. However, several laboratories,
using either cultured cell lines or peripheral blood mononu-

clear cells, have demonstrated that IL2 binds to the p70 pro-

tein and can be internalized with kinetics similar to that of the
high affinity IL2R (34, 38-41). These experiments, along with
the observation that IL2 bound only to the p55 subunit is not

internalized, strongly suggest that the p70 protein is the essen-

tial component for the internalization of the IL2-IL2R ligand.
The binding ofIL2 to the 70-75-kD protein on large granular
lymphocytes is responsible for the initial augmentation of NK
and early LAK cell activity (41, 42).

Lectin-activated normal human T cells express 900-3000
high affinity IL2R per cell. This number represents < 10% of
the total number of IL2R on activated T cells (36). All anti-
IL2R monoclonal antibodies available at the present time do
not distinguish between the low and high affinity forms of the
IL2R. Conversely, anti-IL2R antibodies do not react with the
70-75-kD subunit alone (38, 39). Since the lower limit of de-
tection for a fluorescent signal of a commercial flow cytometer
is - 2,000 FITC equivalent molecules per cell, and the gener-

ally accepted ratio of low to high affinity IL2R is 10:1, most of
the membrane-associated IL2R detected by anti-IL2R mono-

clonal antibody and flow cytometry is of the low affinity type.

Furthermore, the IL2R cDNA clone is homologous for the
p55 protein subunit gene (21, 37). The decreased IL2R synthe-
sis and cell membrane IL2R expression, as well as the dimin-
ished IL2R mRNAlevels detected in the present experiments,
thus are indicative of defects in the synthesis or expression of
the 55-kD subunit of the IL2R. Genetic control of IL2R ex-

pression is at present poorly characterized (36). The discovery
that the receptor is composed of at least two protein subunits
means that at least two genes, and possibly other post-

translational modifications are required for the expression of
the high affinity IL2R. It is known that gene expression for IL2
and IL2R can be altered by an adherent cell population proba-
bly through a soluble mediator (26).

While incomplete, recent experimental results have yielded
a general understanding of the structure of the high affinity
IL2R and have produced a hypothetical two step model of T
cell activation (41, 43). In this model resting T cells are initially
primed by the interaction of IL2 with the p70 protein. The
binding of IL2 to the ,B subunit (IL2R,3) results in cell activa-
tion and the induction of several T cell activating genes in-
cluding c-myc, c-myb, and Tac. The production and presence

on the cell surface of the p55 Tac protein (IL2Ra) results in the
assembly of the p70 and p55 subunits to form the high affinity
IL2R. The high affinity IL2R is then internalized where the
IL2 signal is transduced leading to cell proliferation. Unacti-
vated T cells express 600 p70 molecules per cell, but few if

any p55 molecules. This has led to the suggestion that the total
number of high affinity IL2R expressed during T cell activa-
tion is directly related to the availability of the p70 protein (41,

43). Data indicate that the synthesis of the p55 subunit is
induced after the binding of IL2 to the p70 protein (43). Our
data do not allow us to discriminate between a decreased
amount or functional impairment of the 70-75-kD protein
that could lead to a defect in the induction of the p55 protein
as was observed in cells from elderly donors in the present

experiments. Additional studies employing '25I-IL2 to study
the low,, intermediate and high affinity IL2R may be useful to
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answer this question. Definite conclusions will await the devel-
opment of antibodies and cDNAs to the p70 subunit.

Although it is clearly established that IL2 is essential for the
proliferation of activated T lymphocytes, little is known re-
garding the mechanisms responsible for the downregulation of
the effects of IL2. It has been demonstrated that mitogen-acti-
vated T cells release soluble IL2R, and that under specific
experimental conditions the soluble IL2R can bind IL2 (4, 6).
This has led to the suggestion that soluble IL2R downregulates
the effects of IL2 (44, 45). Since the activity of IL2 is depen-
dent upon binding to IL2R (33), the decreased representation
of IL2R on cells from aged donors, as well as old animals (46),
may directly influence the level of a resulting proliferative re-
sponse. Even though IL2 modulates the expression of the
IL2R, the decreased percentage of IL2R+ cells from elderly
donors cannot be due entirely to diminished IL2 synthesis.
This can be seen when exogenous IL2 is added to cell cultures
and there is no restoration of the percent IL2R+ cells or the
proliferative ability of the cells from old donors to levels seen
with cells from young donors (47). These findings support the
concept that IL2 and IL2R+ cells are in a critical equilibrium,
whereby IL2 regulates IL2R and the activation process leads to
IL2 synthesis (3, 33). There is a major problem in trying to
quantitate IL2R and IL2 binding in populations of lympho-
cytes from young and old donors. The problem relates to the
consideration that one of the principal differences between
those two populations is the number of cells that can be acti-
vated. Once the T cells from young or old animals or humans
are activated, they perform virtually identically. The differ-
ences in responses are due to a selection process in which a
smaller portion of the resting T cells from old donors, as com-
pared to cells from young donors, are activated. Therefore any
study examining IL2R on mitogen activated cells from young
and old would be examining a similar selected cell subpopula-
tion. '251I-IL2 binding assays are not be sensitive enough to
quantify the IL2R on resting T cells. Assaying IL2R on the
mitogen activated cells after 48-72 h would only deal with a
"normal" responsive subpopulation regardless of the age of the
donor. Additional studies employing monoclonal antibodies
and cDNAs to the p70 molecule should lead to an increased
understanding of the age-related defect in T cell proliferation.
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