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Summary. The age-associated decline in immune function 
may be an important factor in both the pathogenesis of 
neoplastic diseases and the response to immunopharmaco- 
logical therapies. With the increased efforts to develop 
immunotherapy with such agents as interferon and inter- 
leukin-2 (IL-2), the question of the effect of host age upon 
response is of practical importance. Phase I and phase II 
clinical trials of IL-2 have included primarily young 
patients, and toxicity and efficacy have not been reported 
with specific reference to host age. In this study, we ex- 
amined young and old mice with regard to in vitro natural 
killer and lymphokine-activated killer (LAK) cell func- 
tions. We also assessed the effects of exogenously admin- 
istered recombinant human IL-2 in tumor-bearing mice of 
various ages. We found that natural killer cell function was 
demonstrably lower in old mice but that LAK cell function 
was comparable (young versus old). Furthermore, IL-2 
treatment was successful in increasing survival time in 
old mice, similar to results in young mice. Our observa- 
tions allow the prediction that immune senescence p e r  se  

does not preclude successful anti-neoplastic treatment 
with IL-2. 

toxicity against fresh and cultured tumor cells [16, 30] and, 
for that reason, IL-2 has been combined with autologous or 
allogeneic lymphocytes stimulated in vitro in clinical trials 
[14, 27, 29]. 

In preclinical studies in mice, the use of IL-2, with or 
without LAK cells has been successful in reducing tumor 
burden and experimental metastases [15, 20, 28, 35]. Sim- 
ilarly, in clinical trials, the antitumor activity of IL-2 in 
conjunction with the infusion of LAK cells has resulted in 
objective improvement, but this has been associated with 
substantial toxicity including fluid retention, pulmonary 
edema and renal failure [1, 31]. 

In our laboratory, we have been interested in the treat- 
ment of mice with low tumor burden with IL-2. We have 
also had a particular interest in tumor biology and cancer 
treatment in older hosts [4-7, 34]. Immune senescence 
involves primarily cellular deficiencies, and immunother- 
apeutic strategies that rely upon various cellular immune 
functions may be unsuccessful because of the underlying 
deficiency. It was the purpose of these studies to estimate 
the degree to which the age-associated decline in cell-me- 
diated immunity altered tumor cytotoxicity in vitro and in 
IL-2-treated, tumor-bearing mice. 

Introduction 

Interleukin-2 (IL-2) has recently been intensively investi- 
gated as an antitumor agent [9, 10, 18, 26]. It is a lym- 
phokine of approximately 15 kDa produced by a subset of 
T cells. It is speculated that the anticancer activity of IL-2 
is mediated by its activation of a specific subset of lympho- 
cytes, lymphokine-activated killer or LAK cells [2, 3, 8]. 
In vitro, IL-2-stimulated lymphocytes demonstrate cyto- 

Materials and methods 

M i c e  

Young female C57BL/6 mice were purchased at 6 weeks of age from 
Harlan Sprague Dawley (Madison, Wis). Old female mice were obtained 
at 22 months of age from the NIA aging colony maintained at Charles 
River Breeding Laboratory (Kingston, NY). Mice were maintained in our 
animal care facility for at least 1 month prior to use in these experiments. 
The median survival for mice of this strain is approximately 24 -26  
months. 
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TumoF 

A fibrosarcoma was induced in the mice by the subcutaneous injection of 
methylcholanthrene (0.01 mg/0.1 ml sesame oft). The primary tumor 
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Fig. 1. Histological appearance of fibrosarcoma 
MV2 from subcutaneous transplantation. Note the 
spindle cells and fibrous swirls characteristic of 
tumor of mesenchymal origin, x 400 

(Fig. 1) was minced and inoculated sequentially into three mice 
(subcutaneously). From the tumor in the third mouse a tumor cell 
suspension was prepared by enzymatic digestion (collagenase, 
hyaluronidase and DNase) [24]. Clonal growth was established by soff 
agar technique [25]. A specific clone (MV2) was selected for these 
studies. This tumor was expanded in culture and aliquots were frozen in 
liquid nitrogen. 

The murine lymphoma YAC- 1 was selected for the natural killer cell 
(NK) assay. This cell line was purchased from American Type Tissue 
Culture (TIB 160) and is stored in liquid nitrogen. 

To prepare cells for the LAK cell assay, frozen cells were thawed, 
cultured, and injected subcutaneously into the flank of a young mouse. 
When the tumor was between 1 cm and 2 cm in diameter (usually, 
14-17 days after inoculation) it was resected and the cells were dis- 
persed into a single-cell suspension by enzymatic digestion as described 
above. 

For the IL-2 treatment protocol (as below), MV2 cells were grown 
in vitro in media [Dulbecco's modified Eagle medium (DMEM) (Gibco, 
Grand Island, NY)] supplemented with 10% fetal calf serum, until con- 
fluent. The monolayer was resolubilized with trypsin/EDTA (Gibco), 
and washed twice in DMEM. Cells (103) were inoculated intraperi- 
toneally (i. p.) on day 0. 

Cytotoxicity assays 

Effector cells. Young or old mice were sacrificed by cervical dislocation 
and their spleens were removed aseptically and placed on sterile screens 
in Petri dishes containing phosphate-buffered saline (PBS). The spleen 
was flushed with sterile PBS and teased apart. The cells were transferred 
into a 15-tal plastic centrifuge tube (Coming), set at room temperature 
for 5 min, then transferred and centrifuged for 10 min at 900 rpm. The 
cells were resuspended and red blood cells were lysed by brief hypotonic 
exposure. The remaining splenic mononuclear cell fraction was washed 
twice more in sterile PBS. 

Natural killer cell assay. The NK-sensitive murine lymphoma line 
YAC-1 cells served as target cells. Varying numbers of the fresh splenic 
mononuclear cells were cultured in triplicate with 104 chrominm-51 
(51Cr)-labeled target cells in round-bottomed 96-well microtiter plates 
(Corning) in a total volume of 0.25 rel. For the labelling, 5 x 106 tumor 
(target) cells were incubated for 2 h at 37 ° C in 0.5 ml medium containing 

125 gCi SlCr. The cells were then washed twice and resuspended to the 
appropriate concentration in complete medium and incubated for 4 h at 
37 ° C. The superuatants were subsequently removed from the wells using 
the Skatron harvest system (Sterling, Va), and the radioactivity (cpm) 
was counted in a MEplus automatic gamma counter (Huntsville, Ala). 
Maximum isotope release was determined by incubating the target cells 
with the lysing detergent centrimide and assessing 51Cr content in the 
culture supernatants. Specific cytotoxicity was estimated by the formula: 

51Cr release (test - spontaneous) 
Cytotoxicity (%) = x 100% 

5lCr release (maximum - spontaneous) 

Cytotoxicity was also described in lytic units, which are defined as the 
number of cells or "cytotoxic units" per 107 spleen cells that result in 
20% killing of 104 target cells (as derived by the method described in 
[23]). 

Lymphokine-activated killer cell assay. The cytotoxicity of LAK cells 
was detelrnined as described above (for NK activity) with the changes 
confined to the effector and target cells. For LAK activity, 
IL-2-stimulated splenocytes (as above) served as effector cells. The 
effector cells were splenocytes that were adjusted to a concentration of 
2 x 106/ml in RPMI (Gibco), supplemented with 10% fetal calf serum 
(Gibco), 50 gM 2-mercaptoethanol (Sigma, St. Louis, Miss), 1 mM 
sodium pyruvate, 0.1 mM nonessential amino acids (Gibco), 2 mM 
L-glutamine, antibiotics (penicillin 100 units/ml and streptomycin 
100 gg/tal) with or without added rIL-2 at 500 units/ml in 25-cm 2 culture 
flasks (Corning). Culture flasks were incubated in humidified air at 
37°C, 5% CO2 for 3 days. Target cells were freshly prepared by 
enzymatic digestion and were labeled with 5tCr by methods described 
above. For these experiments recombinant human IL-2 (2x  107 
units/mg) in PBS was generously provided by Hoffmann La Roche Inc. 
(Nutley, NJ) and aliquots were stored at -70 ° C. 

In Vivo IL-2 treatment 

After injection of tumor cells (day 0), 5 x 104 U IL-2 in 0.5 ml saline was 
administered twice daily (9 a.m., 9 p.m.) for 5 days in succession each 
week for either 2 or 4 weeks. Control mice were injected on the same 
schedule with PBS alone. In each experiment there were ten mice per 
group. 
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Fig. 2 A, B. Natural killer (NK) cell activity in young and old mice. 
Splenocytes from individual mice were prepared and cytotoxicity against 
YAC cells was determined. A Specific cytotoxicity calculated by the 
formula provided in Materials and methods. •, Fresh young mouse 
splenocytes; • ,  fresh old mouse splenocytes. B Activity expressed in 
lytic units at 20% lysis per 10 million cells as described in [23] 

difference between young and old (LU) was statistically 
significant (P = 0.039). 

To determine lymphokine-activated killer (LAK) cell 
activity, freshly digested fibrosarcoma (MV2) cells were 
labeled with 51Cr and served as targets. Freshly prepared 
splenocytes were cultured for 3 days in the presence of 
IL-2 (500 units/ml) and were then co-cultured with the 
radiolabeled tumor cell targets. The data from four experi- 
ments are depicted in Fig. 3; unlike NK activity there was 
no observed age difference in the capability of exerting 
LAK cell killing. 

In Vivo IL-2 effècts 

Preliminary experiments had indicated that an intraperi- 
toneal (i. p.) inoculation of 103 MV2 cells would result in 
lethal tumor in 90% young (3 months) C57BL/6 mice. For 

Statistical analysis 

The determined values for cytotoxicity (either percentage or lytic units: 
LU) and survival (days) were compared: young versus old and treated 
versus non-treated. Where appropriate, the statistical significance of the 
observed differences was estimated by Student's t-test. 

Results 

Cytotoxicity assays 

To determine natural killer (NK) cell activity, freshly pre- 
pared splenocytes were co-cultured with 51Cr-labelled 
YAC cells. As can be seen in Fig. 2, splenocytes from old 
mice were less effective at killing the YAC cell targets than 
those from young animals. Figure 2 A represents the com- 
piled cytotoxicity for the six young and five old mice and 
Fig. 2B depicts the results of individual mice in (LU). The 
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Fig. 3 A, B. LAK activity in young and old mice. Splenocytes from 
individual mice were cultured at (1 -2)  x 106 cells/ml with 500 U/tal 
IL-2 for 3 days and cytotoxicity was determined with MV2 cells as the 
target. A Specific cytotoxicity calculated by the formula provided in 
Materials and methods. 0 ,  Control young mouse splenocytes; [] ,  con- 
trol old mouse splenocytes; 0 ,  IL-2-stimulated young mouse spleno- 
cytes; [] ,  IL-2-stimulated old mouse splenocytes. B Activity expressed 
in lytic units at 20% lysis per 10 million cells as described in [23] 
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Fig. 4 A - C .  Survival curve of mice inoculated with 10 3 MV2 cells 
intraperitoneally on day 0, and treated with 5 x 10 4 U of IL-2 i.p. twice 
daily for 5-day treatment cycles. Ten mice were used in each group. • ,  
Control; D, IL-2 treated. A Young mice treated with two cycles, sepa- 
rated by 2 days. B Young mice treated with four cycles, each cycle 
separated by 2 days. C Old mice treated with four cycles each cycle 
separated by 2 days 
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the IL-2 experiments, this dose of tumor cells was injected 
(day 0) and IL-2 was administered i.p. beginning the fol- 
lowing day (day 1). As seen in Fig. 4, the survival of young 
mice that had received either two or four cycles of  IL-2 
(5 × 104 units twice daily) was greater than saline-injected 
controls [P = 0.0008 for two cycles (Fig. 4A) and 
P -- 0.0002 for four cycles (Fig. 4B)]. Old mice (23 -24  
months) that had received four cycles of IL-2 were also 
shown to have increased survival when compared to the 
age-matched, saline-treated animals [P = 0.0001 
(Fig. 4 C)]. There was no difference in the IL-2 enhance- 
ment of survival between young and old mice. 

Discussion 

Immune factors have been shown to contribute to the rec- 
ognition and destruction of neoplastic disease in various 
experimental models. It is understandable, therefore, that 
there has been great effort invested in the better under- 
standing of antitumor immunity and the exploration of 
potential immunotherapentic approaches. One such ap- 
proach that has recently been advanced is adoptive im- 
munotherapy, employing IL-2 with or without coadminis- 
tration of lymphocytes activated in vitro by IL-2 [14, 17, 
27, 29, 32]. In fact, in some systems, IL-2 alone has proven 
to be of therapeutic benefit (17, 28, 32]. In clinical studies, 
autologous lymphocytes have been expanded in vitro by 
incubation with IL-2 and subsequently administered. 
These cells from a cancer-bearing patient presumably have 
been exposed to tumor antigen and specific tumor cell 
killing by the activated " immune" cells might be occurring. 
Other mechanisms are no doubt involved, however, be- 
cause in laboratory animals splenocytes from non-tumor- 
bearing animals activated in vitro by IL-2 are capable of 
mediating either in vitro or in vivo tumor cell destruction 
[15, 20, 30]. Whether cytotoxicity is specific or not, the 
success in preliminary clinical trials has been encouraging, 
especially in patients with melanoma and renal cell carci- 
noma [14, 27, 29]. Significant toxicity occurs, however, 
and many investigators are currently evaluating doses, 
schedules and combination with other antitumor agents to 
allow more general usage [12, 21, 33]. These latter efforts 
are particularly relevant if  such therapeutic approaches are 
to be applied to elderly patients, who comprise the greatest 
population of those with cancer but who may be more 
susceptible to life-threatening toxicities. 

In addition to the frailty that is observed in older 
patients, there are age-associated changes in immune func- 
tion that may diminish the chances for response to im- 
munotherapeutic approaches. Immune senescence is 
characterized at the cellular level predominantly by T-cell 
deficiency [19]. Accordingly, cytotoxic T-lymphocyte 
function is consistently found to be depressed with ad- 
vanced age. NK cell function, however, has been reported 
to be less dramatically reduced with age [11, 13] and 
although we found some reduction in these studies, these 
must be considered minor when compared to the more 
profound T-cell alterations observed in old mice of the 
same strain [19]. There is currently some debate about the 
specific lineage of LAK cells, with many currently believ- 

ing the cell to be NK-related [22]. Support might be gained 
for this contention by our observation that LAK cell func- 
tion was not reduced in the older animals. 

As mentioned above, there are now clinical research 
efforts designed to reduce the significant toxicities that 
have been associated with IL-2 and/of LAK cell therapies. 
As such therapies become more generally available (and 
less toxic), the question will, no doubt, arise whether it is 
appropriate for elderly people. It is possible, for example, 
that immune senescence may preclude the utility of such an 
approach. In the current experiments we have demon- 
strated in an experimental model that LAK cell killing in 
vitro was comparable (young versus old) and that IL-2 
administration was successful in achieving an increase in 
survival that was of similar magnitude in young and old 
mice. Of  course, these experiments reflect a specific treat- 
ment schedule and dose in art inbred murine strain, but the 
findings allow the speculation that LAK cell function is 
preserved throughout the lifespan, and that IL-2 may be a 
useful treatment in elderly, cancer-bearing patients. 
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