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SUMMARY

In 1969 Walford hypothesized that age-related dysfunctions of the immune system
may be involved in the pathogenesis of the lesions and diseases of aging. Studies were
initiated to test whether immunologic interventions intended to maintain the integrity
of the immune system would delay the onset of diseases of aging and prolong lifespan.
Adult BC3F1 mice were treated with anti-I-J monoclonal antibody, with human dia-
lyzable leukocyte extract, or with saline once a week for one year. Spleen cells from the
mice were then assayed for suppressor, T-helper and B-cell activity. Treatment with
dialyzable leukocyte extract decreased the elevated nonspecific suppressor activity. Mice
treated with anti-I-J antibody had elevated T-helper cell activity. In another experiment,
mice were treated weekly with anti-I-J antibody, dialyzable leukocyte extract, or saline
from 18 months of age until natural death. The mice were immunized with avian gamma-
globulin at 27 and again at 29 months of age. Both types of immunologic intervention
resulted in a greater secondary antibody response than that of the saline-treated control
mice. Mice treated with anti-I-J antibody survived longer than did mice of the other
two groups. There was a correlation between the magnitude of the secondary response of
individual mice and their lifespan. The results provide support for the immunologic
theory of aging.
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INTRODUCTION

One of the characteristics of aging is the decline in the ability of an individual to
adapt to environmental stress. Consequently, there is an increase in the incidence of
so-called “diseases of aging”, such as late-occurring neoplasia, arterial diseases, renal
diseases, autoimmune and immune complex diseases. The immune system is also affected
by advancing age. All aspects of the immune response, including humoral and cell-medi-
ated responses (reviewed in ref. 1), and extending to some aspects of natural resistance
[2], are affected by the aging process.

The immune system is entrusted with the preservation of the integrity of organs and
tissues. It is possible, therefore, that the age-related dysfunction of the immune system
may be involved in the pathogenesis of the lesions of aging and “diseases of aging”.
This so-called “immunologic theory of aging” was advanced by Walford in 1969 [3].
Though direct evidence of the validity of this theory is lacking, certain observations
are at least consistent with it. Many of the so-called diseases of aging involve a deterior-
ation of the immune system. Lifespan in mice is correlated with the major histocompati-
bility complex, the master gene of the immune system [4]. In addition, regimens that
have been shown to increase longevity, such as calorie restriction [5] and lowering of
body temperature [6], also result in a delay in the age-related decline of immune func-
tion [7,8]. While these findings suggest that there is a relation between longevity and
immunologic vigor in old age, they do not establish that the latter is the cause of the
former. We therefore initiated experiments to test whether immunologic interventions
intended to maintain the integrity of the immune system could delay the onset of the
diseases of aging and prolong lifespan. '

Earlier findings from this laboratory demonstrated an age-related increase in sup-
pressor activity in mice, which occurs at a time (prior to 15 months of age) when T-helper
and B-ell functions are still relatively vigorous [9]. This suggests that specific inhibition
of T-suppressor cells at this time may be a valid approach to the rejuvenation of the
immune system. Since T-suppressor cells [10,11] and derived suppressor factors [12]
express the antigenic determinants coded for by the I-J subregion of the H-2 gene
complex, they may be expected to be selectively inactivated or reduced in numbers
by antibody directed against these determinants. This notion is strengthened by reports
that in vivo administration of anti-I-J alloantiserum inhibited sarcoma growth in A/J
mice [13] and increased by 2-3-fold the plaque-forming cell (PFC) response to sub-
optimal doses of sheep red blood cells (SRBC) [14].

Human dialyzable leukocyte extract (DLE), containing transfer factor (TF), has been
used as an immunoprophylactic and/or immunotherapeutic agent (reviewed in ref. 15).
Although the precise mechanism of action of DLE is still unknown, both antigen-specific
effects and nonspecific effects have been reported. The antigen-specific effect, i.e. TF
activity of DLE, is indicated by the ability to transfer delayed-type hypersensitivity
and cell-mediated immune reactivity [16]. The nonspecific effects of DLE include
increased chemotactic activity for monocytes and neutrophils [17], increase in con-
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centration of cyclic nucleotides in monocytes [18], enhancement of antibody production
[19], and enhancement of T and B mitogen responses [20].

In view of the findings summarized above, we decided to study the effects of anti-I-J
monoclonal antibody and of DLE on the immune potential of aged mice and on their
lifespan. Several experiments were conducted; however, a clear-cut effect of immuno-
therapy on immune potential was demonstrated in only one of them. In that same
experiment, the immunotherapeutic intervention appeared to prolong the lifespan of
the experimental mice. '

MATERIALS AND METHODS

Mice

Female (C57BL XC3H) F1 (BC3F1) mice were purchased from Cumberland View
Farms, Clinton, TN, This mouse strain has a median lifespan of approximately 30
months. Random-bred female retired breeders of the ICR strain (Harlan Industries,
Indianapolis, IN) were used as recipients of Millipore diffusion chambers.

Immunotherapies

Monoclonal anti-I—J° (WF9.40.5) and anti-1-J¥ (WF8.C12.8) antibodies were received
as sterile ascites fluid from Northwestern University Medical School in Chicago [21]. A
mixture containing equal portions of anti-I—J® and anti-I—J¥ monoclonal antibodies was
diluted in pyrogen-free saline. DLE of human origin was prepared at the Medical Uni-
versity of South Carolina in Charleston. It has been shown that DLE has both nonspecific
and specific (transfer factor) activities in species other than that in which it is generated
{22]. Two “blind” preparations identified only by code letters were used. One of the
preparations contained DLE and the other contained only the saline diluent.

Immunogen

Avian gamma-globulin (AGG) was prepared by 50% saturated ammonium sulfate
precipitation of pooled chicken sera and further purified by column chromatography
on DEAE-cellulose. AGG was adsorbed on bentonite [23].

Experimental protocol

In the first experiment, we investigated the effects of long-term treatment with anti-
I-J or with DLE on lymphocyte function. Three groups of ten 14-month-old BC3F1
mice were each treated with 1 ml of anti-I--J monoclonal antibody diluted 1:50, or
1 ml of DLE diluted 1:10, or 1 ml of saline, once a week for 1 year. At the end of the
treatment, the mice were killed and their spleen cells were assayed for suppressor, T-
helper and B-cell function.

The assays were described in a previous paper [9]. Briefly, single-cell suspensions
from the spleen of individual mice were divided into two portions. One portion was
tested for suppressor activity by adding the cells to be tested to spleen cells of young
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syngenic mice that had been primed with dinitrophenylated human gamma-globulin
(DNP-HGG), boosting the cell mixture with DNP-HGG, propagating it in Millipore
diffusion chambers implanted in recipient mice, and enumerating the DNP-specific
PFC 1 week later. The percentage suppression was calculated by comparison with cultures
to which test cells had not been added. The second portion of the spleen cell suspension
was passed through a column of nylon wool. Immune complexes made with keyhole
limpet hemocyanin (KLH) and anti-KLH antibodies were added to the nonadherent
cells, which were then propagated in diffusion chambers. Six days later, the cells were
recovered and assayed for carrier (KLH)-specific helper activity by adding them to
T-cell-depleted (by treatment with monoclonal anti-Thy-1.2 antibody and complement)
spleen cells from young mice that had been primed with DNP-HGG. The cell mixture
was boosted with DNP-KLH, propagated in diffusion chambers, and assayed for DNP-
specific PFC 1 week later. The ratio of the number of PFC found in cultures containing
both carrier-primed and hapten-primed cells to that obtained in cultures containing
only hapten-primed cells (enhancement ratio) was taken as a measure of T-helper activity
in the test cells. The cells that adhered to the nylon wool were recovered, immunized
in vitro with the T-independent antigen DNP-Ficoll, propagated in diffusion chambers,
and assayed for DNP-specific PFC to measure the B-cell activity. Organs and small pieces
of spleen were processed for histopathologic study. A group of six 14- to 21.week-old
untreated BC3F1 mice was used as control.

The second experiment was designed to measure the effects of long-term administra-
tion of anti-I-J and DLE on both lifespan and on immune responsiveness to the T-
dependent antigen AGG. Three groups of eight 18-month-old BC3F1 mice were treated
weekly with intraperitoneal injections of 1 ml of anti-I.J, DLE, or saline. The treatment
was continued until death of these mice. Nine months after the initial treatment, the
mice were primed with 100 ug of AGG adsorbed on bentonite and challenged with the
same antigen 1.5 months later. A group of four untreated 7-month-old BC3F1 mice
was primed and challenged at the same time. Sera were collected 1 week after each im-
munization and titrated by both tannic acid hemagglutination (HA) [24] and enzyme-linked
immunosorbent assay (ELISA) [25]. Titers were expressed as the log, of the reciprocal
of the end-point dilution of serum. In the ELISA, the end-point was the highest dilution
of the test serum with adsorbance at least equal to 50% of the mean maximal adsorbance
given by a pool of sera from immune young mice that was titrated with each ELISA
plate. Separate HA titrations were done with each test serum for total and 2-mercapto-
ethanol (ME)-resistant (IgG) antibodies. In the ELISA, IgM- and IgG-specific enzyme-
linked antibodies (Zymed Laboratories, San Francisco, CA) were used in separate titra-
tions.

Statistical analysis

A two-tailed Student’s r-test was used to determine differences between groups.
Differences were considered statistically significant when the p value was 0.05 or less.
Regression analysis was used to calculate regression lines and correlation coefficients.
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RESULTS

Effects of long-term treatment with anti-I-J, DLE, or saline on lymphocy te function

Suppressor activity of the test spleen cells (TC) derived from individual mice treated
weekly from 14 to 26 months of age was measured by the reduction of the secondary
anti-DNP PFC response of mixed cultures, containing equal numbers of reference primed
cells (RC) and TC, compared to that of RC only. The effects of the treatments on sup-
pressor activity, presented in Table I, show that spleen cells from young untreated mice
did not have any significant suppressor activity. In contrast, the spleen cells of 26-month-
old saline-treated mice (group III) were highly suppressive, indicating an age-related
increase of suppressor activity. Treatment with DLE (group II) significantly decreased
the suppressor activity. There was no significant difference in suppressor activity be-
tween anti-I—J-treated (group I) and saline-treated (group III) mice.

T-helper (Th) cell activity was assessed by measuring the ability of T cells activated
with carrier—anti-carrier immune complexes [26] to restore the antibody response of
hapten-primed, T-depleted syngeneic cells. The ratio of PFC produced by the cultures
containing the test Th cells and DNP-primed B cells to the PFC found in cultures contain-
ing only primed B cells (enhancement ratio) was taken as a measure of the extent of Th
cell function. The results are shown in Table II. The Th function of saline-treated old
mice (group III) was only one-fifteenth of that of young mice (group IV). This difference
was highly significant. Treatment with anti-I-J (group I) partially prevented the
age-related loss of the Th activity, but there was no statistically significant difference
between this group and the saline-treated control mice (group III),

TABLE I

EIFECT OF ANTI-1-J, DLE, AND SALINE TREATMENT ON SUPPRESSOR ACTIVITY

Group Treatment No. of Mean PFC/culture Mean percentage
mice suppression®
RC? RC + TC®
I Anti-|-J 8 121 307 52736 56.4
II DLE 7 86 670 50153 39.5*
It Saline 8 109 807 36 984 66.4
v Untreated (young) 6 121 051 105043 30.4%**

*Significantly different from group III (p < 0.05).

**Significantly different from group III (p < 0.01).

315 X 10° reference cells (spleen cells from young-adult mice that had been primed 3—5 weeks earlier
with DNP-KLH).

515 X 10¢ test cells (spleen cells from the mice being tested for suppressor activity).

“Means of the percentage suppression values of individual mice in each group. Percentage suppression
for each mouse was calculated by dividing the mean number of PFC of at least three cultures con-
taining RC + TC by the mean number of PFC of the control cultures for the experiment, subtracting
the resulting figure from 1, and multiplying the result by 100.
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TABLE 1I

EFFECT OF ANTI-I-J, DLE, AND SALINE TREATMENT ON T-HELPER ACTIVITY

Group Treatment No, of Mean PFC/eulture
mice
h? + B° B Th + B/B®
I Anti-I-J 6 5172 414 6.1
i DLE 3 384 278 1.9
18 Saline 7 2601 431 2.8
v Untreated (young) 5 17 712 454 40.2%

*Significantly different from group I (p < 0.05).

41.5 x 10° cells obtained from diffusion chambers seeded 6 days earlier with nylon wool-enriched
T-cells from a test mouse, stimulated with KLH—anti-KLH immune complexes.
15 X 10° anti-Thy-1.2- and C-treated (T-depleted) spleen cells trom young adult mice primed 3-5
weeks earlier with DNP-HGG.

“Mean of the enhancement ratios of individual mice in each group. Enhancement ratio for each
mouse was the mean number of PFC of at least three cultures containing Th cells from that mouse
+ B-cells, divided by the mean number of PFC of cultures containing B-cells in that experiment only.

B-cell activity was assessed by measuring the primary response to the T-independent
antigen DNP-Ficoll. The results are shown in Table I1l. No significant differences were
found among the four groups of mice, but it is difficult to draw any conclusion from
this study, since the PFC response found in young mice was much less than what we had
found in previous experiments [9] using mice of comparable age.

There were no significant differences in tumor incidence or in other histopathologic
findings among treated groups. No tumors were observed in any of the control young
mice. However, seven of nine saline-treated old mice had malignant tumors which were
classified as either lymphosarcoma or reticulum cell sarcoma. Four of cight anti-1-J-
treated mice and four of seven DLE-treated mice had similar types of tumors.

TABLE 111

EFFECT OF ANTI-I-J, DLE, AND SALINE TREATMENT ON B-CELL ACTIVITY

Group Treatment ' No. of mice Mean PFClculture (S.E.M. )a
I Anti-I-J 8 390 (+ 71)

11 DLE 7 1478 (+475)

HI Saline 8 3086 (+ 552)

v Untreated (young) 6 3218 (+ 757)

315 X 10° nylon wool-enriched B-cells were cultured with S0 ng of DNP-Ficoll in a diffusion chamber
for 7 to 8 days. The B-cell function of each individual mouse was expressed as the mean direct anti-
DNP PFC response of at least three cultures.
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Effects of long-term treatment with anti-I-J, DLE, or saline on the humoral immune
response and on lifespan

Three groups of eight 18-month-old mice were injected weekly with anti-[-J mono-
clonal antibody, DLE, or saline, respectively, until natural death. The mice were im-
munized with AGG at 27 and again at 29 months of age. Seven days after each immuniz-
ation, the mice were bled and their sera were assayed by HA and ELISA for anti-AGG
antibodies.

The mean serum HA titers against AGG are shown in Table IV. The primary immune
response of saline-, anti-I—J, or DLE-treated old mice was almost as good as that of
young mice in both total and 2-ME-resistant titer. In contrast, saline-treated old mice
(group III) responded much less than young mice (group IV) did in the secondary im-
mune response. Both anti-I-J and DLE treatments enhanced the secondary mean total
and 2-ME-resistant serum titer in old mice. The difference between groups I and III was
significant. In fact, the response of anti-I--J-treated old mice (group I) was not signifi-
cantly different from that of young control mice.

Similar results were found with ELISA, as indicated in Table V. No significant age-
related decline was found in primary 1gG and IgM titers. However, both secondary 1gM
and IgG titers of saline-treated old mice (group III) were significantly lower than those
of young mice (group 1V). Treatment with anti-1-J enhanced the secondary IgG, but
not the IgM response.

The lifespan of mice treated with anti-I—J, DLE, or saline is shown in Table V1. The
mean lifespan of anti-I-J-treated mice was prolonged by 12% over that of saline-treated
controls, the median lifespan was 8% greater than that of control mice, and the last
survivor in the anti-I-J group lived 16% longer than the last survivor in the saline-treated
control group. Treatment with DLE had no apparent effect on lifespan. The probability
that the difference in longevity between the anti-I-J and saline-treated groups was due
to chance alone was 0.07. Since the mean survival time of DLE-treated and saline-treated

TABLE IV

HEMAGGLUTINATION TITERS OF AGED MICE TREATED WITH ANTI-I-J, DLE, OR SALINE

Group Treatment Mean log, titer (No. of mice)
Primary Secondary
Total 2-ME-resistant Total 2-ME'-resistant
I Anti-I-J 12.5(6) 8.3(6) 18.6**(5) 18.0**(5)
11 DLE 13.0(5) 8.6(5) 17.0(3) 17.0(3)
111 Saline 13.3(4) 7.0(4) 14.3(3) 15.0(3)
v Untreated (young) 13.34) 9.5%(4) 19.0%**(4) 19.5%%*(4)

*Significantly different from group III (p < 0.01).
**Significantly different from Group III (p < 0.001), but not from group IV.
***Gignificantly different from group III (p < 0.005), but not from group 1.
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TABLE V

ELISA TITERS OF AGED MICE TREATED WITH ANTI-I-J, DLE, OR SALINE

Group Treatment Mean log, titer (No. of mice)
Primary Secondary
IgM IgG IgM IgG
1 Anti-1-J 9.0(6) 14.5(6) 6.2(5) 19.4%*(5)
II DLE 9.0(5) 14.8(5) 5.1() 17.6(3)
III Saline 8.9(4) 14.5(4) 5.4(3) 16.9(3)
v Untreated (young) 9.7(4) 14.6(4) 9.9%(4) 19.2%%%(4)

*Significantly different from group III (p < 0.001).
**Significantly different from group III (p < 0.01), but not from group IV.
***Significantly different from group III (p < 0.05), but not from group I.

control mice was almost identical (Table VI), the data from these two groups were
pooled and the statistical significance of the difference between the mean lifespan of the
pooled groups and the mean lifespan of the anti-I-J-treated mice was tested. When this
was done, the difference was found to be significant (p < 0.05).

The survival curves of the anti-I-J-, DLE-, and saline-treated groups of mice are
shown in Fig. 1. The survival curve of anti-1-J-treated mice shifted to the right of that
of control mice.

The relationship between the lifespan of individual mice and their total secondary HA
titer to AGG is shown graphically in Fig. 2. There was a significant (p < 0.02) positive
linear correlation between lifespan and total secondary HA titer.

Two additional experiments were conducted in which groups of mice 21-22 and
18.5 months of age, respectively, were treated with weekly injections of anti-I-J mono-
clonal antibody or saline until the time of death. All the mice were immunized with

TABLE VI

LIFESPAN OF MICE TREATED WITH ANTI-I-J, DLE, OR SALINE

Group Treatment No. of mice® Weeks
Mean Median Maximum
I Anti-l-J 8 132.5 129.0 158
il DLE 8 117.1 121.5 145
U Saline 8 117.9* 119.5 135

*p = 0.07 vs. group I; p = 0.93 vs. group II.
3The mice in this experiment belonged to the same cohort. No data on mortality were collected
prior to the beginning of the experimental treatments at 18 months of age.
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Fig. 1. Survival curves of mice treated weekly with anti-I—J antibody, DLE, or saline from 18 months
of age until natural death.

AGG at 26 and at 27.5 months of age and their antibody titers were measured 1 week
after each immunization. In neither of these experiments was a difference in the magni-
tude of the immune response detected between the saline-treated and anti-I—J-treated
mice, nor was there a difference in longevity (results not shown).

10

Secondary HA Titer (logp)

V 1 L ) 1 | L 1
100 110 120 130 140 150 160
Lifespan (weeks)

Fig. 2. Correlation between the log, secondary HA titer of aged mice and their age at death. The
mice were immunized with avian gamma-globulin at 27 and again at 29 months of age. Sera were
obtained 1 week after the second immunization. Serum titers of mice of all three treatment groups
are included in the plot. The correlation coefficient was 0.69; the correlation was statistically signi-
ficant (p. < 0.02).
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DISCUSSION

The goal of gerontologic research is not only to understand the mechanisms which
cause aging, but also to search for methods to delay the onset or lessen the severity of
the diseases associated with aging, thus prolonging the productive period of life. Al-
though our knowledge of the aging process is still quite limited, certain methods have
been successful in prolonging lifespan. These include genetic manipulation [27] and
splenectomy [28] in mice, caloric restriction in mice and rats {5,29], and lowering of
body temperature in fish [8]. All these manipulations also had some positive effects on
the immune system.

It has long been known that immune responsiveness declines in an age-related fashion
after sexual maturity, in parallel with the aging process [1]. Because the loss of immuno-
logic vigor appears to be causally related to the increased susceptibility to “diseases of
aging”, such as certain types of infectious diseases, autoimmune and immune complex
diseases, and cancer, there has been a growing interest in searching for methods of inter-
vention on the immune system. These immunologic interventions include cell grafting
[30] and chemical therapy, the latter consisting of administration of synthetic poly-
nucleotides [31], levamisole [32], thymic factors [33] and 2-mercaptoethanol [34].
Although all of these immunomodulators possess certain immunorestorative activities,
none of them has been reported to have any effect on age-related disease pattern and on
lifespan.

In this study, we have attempted to devise a critical test of the immunologic theory
of aging. Our rationale is that, if the cause—effect relationship between dysfunction of
the immune system and pathogenesis of the “diseases of aging” holds true, as proposed
by Walford, then immunologic interventions which prevent the age-related dysfunction
of the immune system should be able to delay the onset of the diseases of aging and
prolong lifespan.

It was important that the treatments chosen affect exclusively or primarily the im-
mune system. We chose anti-I-J antibody because the 1-J determinant is present only
on lymphocytes of the suppressor circuit and on the suppressor factors they produce
[35], and DLE because it is a lymphocyte product, although its activity affects other
cells as well {17,18]. Administration of these materials was commenced when the mice
were adult, and it was continued through old age, on the assumption that a treatment
limited in time could not be expected to arrest the progressive and continuous deterior-
ation of the immune system which accompanies the aging process. The parameters
examined included the magnitude of the humoral antibody response, which should
reflect the overall function of the immune system; the activity of the suppressor, T-helper
and B-cells, whose function we had shown to decline in an age-related fashion, but
at different rates [9]; and longevity, which, if affected by the experimental treatments,
would establish the connection between the immune system and the aging process.

The results of measurements of lymphocyte activity were not very informative. The
finding of an increase in suppressor activity accompanying a decline of T-helper activity
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in saline-treated old mice is in agreement with our earlier findings [9]. Treatment with
anti-I-J monoclonal antibody had no effect on suppressor activity, but appeared to in-
crease the activation of carrier-specific T-helper cells, although the difference between
anti-I-J-treated and saline-treated mice was not statistically significant. Since the helper
cells is the ultimate target of the suppressor circuit [35], an increase in T-helper activity
is also compatible with the postulated effect of anti-I-J antibody on I-J-positive sup-
pressor cells. Treatment with DLE significantly decreased the nonspecific suppressor
activity of cells from old mice, whereas no effect was noticed on the T-helper activity.
With either treatment, no conclusion could be derived from measurements of B-cell
activity, because the results were exceedingly variable and were made unreliable by
technical difficulties experienced in these experiments. Similarly, although a lower
incidence of tumors was recorded in the treated mice than in the saline-treated controls,
the small numbers of animals used did not permit an assessment of the effects of the
treatments on late-occurring tumors,

More interesting results were obtained in one of the experiments designed to measure
the effects of immunotherapy on the magnitude of the immune response and on lifespan.
The secondary humoral response of anti-I—J-treated mice, which was greater than that of
saline-treated controls and reached the same level as that of young untreated mice, indi-
cates that the immune system of anti-I--J-treated mice was functioning with youthful
efficiency in old age. The secondary response of DLE-treated mice was also greater than
that of control mice, but the difference did not reach a statistically significant level.

Treatment with anti-I-J antibody also appeared to prolong lifespan in the experi-
mental mice. Both median and maximal lifespan were extended, suggesting that the
effect was not due exclusively to a lower incidence of disease in the experimental group,
which would be expected to affect the median, but not the maximal, lifespan. Rather,
comparison of the survival curves of anti-I-J-treated and saline-treated control mice
suggests that the aging process itself proceeded at a slower rate in the experimental
mice. Since the target of anti-I—J antibody presumably is the immune system, the results
provide support for Walford’s immunologic theory of aging.

The difference in mean lifespan between the anti-I-J- and the saline-treated groups
approached, but did not reach, the level of statistical significance commonly accepted
in biological experiments. Attempts to reproduce the results were unsuccessful. Thus,
it is possible that the results obtained were due to chance and not to the treatment with
anti-I-J antibody. We believe, however, that it is significant that in the experiment in
which treatment increased the immune potential of the aged mice, prolonged lifespan
was also observed. In subsequent experiments, immunotherapy was not effective insofar
as it did not affect the immune potential of the aged mice; there was no prolongation of
lifespan in these experiments, The variable effects of immunotherapy may be related to
the degree of the age-associated deterioration of the immune system of the mice at the
beginning of treatment, to the strength of the unknown stimulus that results in the
generation of suppressor cells with advancing age [36] , to the state of other elements of the
immune system that were not specific targets of the experimental immunologic inter-
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vention, or to other unknown and uncontrolled variables. Regardless of the cause for the
inconsistent effects of administration of anti-I-J antibody, we conclude that successful
immunotherapy resulted in increased longevity.

This conclusion is strengthened by finding that there was a correlation between
the secondary antibody titer of mice immunized at 27 and 29 months of age and their
longevity. Thus, the animals which, for whatever reason, had maintained a vigorous
immune system in old age lived longer than those whose immune potential had declined.
In the present work, measurement of immune potential was a predictor of longevity,
Ludwig and Masoro [37] point out that while gerontological literature “abounds with
reports on age dependence of functional loss, reserve capacity, or structural change. . .
correlations between age-related changes and viability of the organisms that exhibit
them” are lacking. When such correlations have been sought, they have generally not
been found [38]. It is possible, therefore, that immune potential may be a useful marker
of biological age. It must be pointed out, however, that in this work immune potential
was measured in aged mice which had already experienced a considerable loss of im-
mune function, Measurement of immune potential at an earlier age may not be cor-
related with lifespan, especially since the age-related functional decline of the various
components of the immune system does not always proceed at a constant rate [9].
In any case, the finding of a correlation between secondary antibody response and
longevity is reminiscent of the observation by Roberts-Thomson et al, [39] that elderly
people who were hyporesponsive in skin tests for delayed hypersensitivity were at greater
risk of death than people of the same age who responded normally to skin tests. Both
observations are consistent with a cause—effect relation between the deterioration of the
immune system and aging.
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