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Influence of Aging and Chemoradiotherapy 
on Leucocyte Function in Oral Cancer 

Patients 

K. Yoneda, T. Yamamoto, E. Ueta, K. Nakao and T. Osaki 

Leucocyte functions and the influence of chemoradiotherapy were examined in three age groups of 
patients with oral cancer. The groups consisted of 66 patients below 65 years old (group A): 40 patients 
between 65 and 80 years old (group B); 20 patients over 80 years old (group C). 20 healthy individuals 
(45.8 f 9.6 years old) were chosen as controls. Originally, no significant differences in leucocyte count, 

CD3 population, CD4/CD8 ratio, natural killer activity or phagocytosis of polymorphonuclear 
leucocytes (PMNL) were found in the patients. However, T cell blastogenesis, lymphokine-activated 
killer cell activity and superoxide production of PMNL were all suppressed. These functions were 

further suppressed by cancer therapy, the greatest suppression being seen in group C. Compared to 
controls and group A, the generation of interleukin-1, interleukin-6, tumour necrosis factor-alpha and 
granulocyte-macrophage colony-stimulating factor were markedly suppressed in group C. These 

results show that very old cancer patients are already in an immunologically suppressed condition and 
that the leucocyte functions of these patients are further impaired by cancer therapy. 
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INTRODUCTION 
THE NUMBER of very old patients with malignant tumour has 
been increasing in parallel with the increase in life span. In 
these patients, physiologic hypofunction of the bone marrow 
and other organs, as well as the mental distress associated with 
aging, make radical cancer treatment difficult [l]. Immuno- 
suppression due to aging [2-51 is one of these factors. 

Furthermore, anti-cancer drugs and radiation markedly sup- 
press leucocyte function [6], and may make these patients even 
more susceptible to tumour cell spread and microbial invasion. 
Therefore, leucocyte functions and adverse effect of cancer 
treatment in aged patients need detailed examination in order 

to achieve safe and successful treatment. 
Monocytes/macrophages recognize and digest foreign 

bodies, and offer the recognition to T cells. Besides killing by 
T cells, natural killer (NK) cells and lymphokine-activated 

killer (LAK) cells also attack tumour cells without any 
restriction. Furthermore, polymorphonuclear leucocytes 
(PMNL), as well as other phagocytic cells, kill tumour cells 
and microorganisms [7-g]. These killing activities were largely 
regulated by cytokines. Among the cytokines, interleukin- 1 
beta (IL-lo), interleukin-2 (IL-2), interleukin-6 (IL-6), 
tumour necrosis factor-alpha (TNF-a) and granulocyte-mac- 
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rophage colony-stimulating factor (GM-CSF) are very 
important [lO-161. 

Some lymphocyte and macrophage functions, such as NK 
activity and phagocytosis, are not affected by aging [17, 181. 
However, cytokine production by leucocytes and reactive 
oxygen generation by PMNL have not been evaluated. In this 

study, we examine the differences in leucocyte functions and 
the influence of cancer treatment in three age groups of 
patients with oral cancer and healthy controls. 

MATERIALS AND METHODS 
Patients and healthy controls 

126 untreated patients with oral squamous cell carcinoma 
were included in this study and divided into three age groups; 
66 patients younger than 65 years old (group A), 40 patients 
from 65 to 80 years old (group B) and 20 patients over 80 years 

old (group C). There were no significant differences in tumour 
T-stage and site among the three groups (Table 1). All 
patients received concomitant chemoradiotherapy, and the 
majority (61, 35 and 13 patients of groups A-C, respectively) 
underwent surgery after inductive chemoradiotherapy. 
Between groups A and B, there were no large differences in the 
doses of cobalt 60 (%o) and peplomycin (PLM) with 
5-fluorouracil (5-FU) given. However, patients in group C 
received somewhat lower doses of PLM and 5-FU; the 
controls consisted of 10 healthy males and females ranging in 
age from 38 to 54 years old. Smoking was prohibited after 
hospitalisation in 49 male and 3 female patients. No healthy 
controls had a smoking habit. 
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Table 1. Clinical profiles of cancer patients submitted 

Item Controls Group A Group B Group C 

Male/female 
Age (mean years) 
Tumour stage (case number) 

Tl 

T2 

T3 

T4 

Treatment 

60C0 (Gy) 

PLM (mg) 
5-FU (mg) 

Surgery (case number) 

lo/lo 48/18 

45.8_f9.6 53.4k7.9 

10 

30 
- 15 

11 

- 32.3kll.O 

52.0i22.1 

3520+ 1520 

61 

23117 8/12 

70.8k4.1 86.Ok4.2 

17 

13 

6 

31.3k8.6 34.0* 11.9 

42.3+ 19.6 30.2+ 18.8 

3200 k 1390 2760 k 1540 

35 13 

8 

4 

Controls: healthy persons. 

Blood sampling 
Peripheral venous blood samples were obtained from 

controls, and each patient before treatment, about a week after 
the completion of chemoradiotheraphy and just before dis- 
charge. 

Separation of lymphocytes, monocytes and PMNL 
Mononuclear cells and PMNL in the peripheral venous 

blood were separated by Ficoll-Paque (Pharmacia Fine 
Chemicals, Piscataway, New Jersey, U.S.A.) density gradient 
centrifugation at 1500 rpm for 30 min. The PMNL, lying just 
above the red blood cell layer, were collected, and contaminat- 
ing erythrocytes removed by dextran sedimentation and 
hypotonic shock. The PMNL were then washed twice with 
Ca- and Mg-free phosphate-buffered saline (PBS, pH 7.2), 
and adjusted to the required concentration. Lymphocytes and 
monocytes were collected from the top layer, and washed three 
times. These cells were resuspended in RPMI-1640 (Nissui 
Pharmaceutical, Tokyo, Japan) supplemented with loo,, fetal 
bovine serum. Non-adherent lymphocytes were separated 
from monocytes by two plastic-adherence steps. PMNL and 
lymphocytes both showed a purity of over 979; and a viability 
of over 985, on microscopy using Giemsa staining and trypan 
blue exclusion, respectively. Monocyte purity and viability 
were more than 95:/b as determined by phagocytosis of yeast 
particles and trypan blue exclusion, respectively. 

Flow cytometry 
The lymphocyte surface phenotypes were determined using 

monoclonal fluorescein isothiocyanate (FITC)-conjugated 
antibodies (anti-CDS: Leu4, anti-CD4: Leu3a, and anti- 
CD8: Leu2a, Becton Dickinson Immunocytometry Systems, 
Mountain View, California, U.S.A.). Isolated lymphocytes 
(5 x lo5 cells) were resuspended in 100 ul PBS containing 
0.1 01, NaN, and packed into culture tubes. After saturation 
with three fold-diluted FITC-conjugated mAb solution, the 
tubes were incubated for 30 min on ice in the dark. Cells were 
then washed twice, resuspended in a 0.1% NaN, solution, and 
analysed using an EPICS V flow cytometer (Coulter, Hialeah, 
Florida, U.S.A.). 

Blastogenesis 
Lymphocytes (1 x lo5 cells) in 0.1 ml RPM11640 were 

seeded into round-bottomed microwells, and 0.1 ml of 1 ug/ml 

phytohaemagglutinin-P (PHA, Difco, Detroit, Michigan, 
U.S.A.) or 10 ug/ml concanavalin A (Con A, Difco) solution 
was added. Blastogenesis was quantitated by adding 
[3H]-thymidine (New England Nuclear, Boston, Massachu- 
setts, U.S.A.) during the final 6 h of 72 h incubation, and 
measuring the amount incorporated. 

NK and LAK activity 
Both NK and LAK activities were measured by a 5’Cr 

release assay using K562 and Daudi cells as targets for NK and 
LAK cells, respectively. LAK cells were induced from 
lymphocytes by culturing in medium containing 100 U/ml 
human recombinant IL-2 (rIL-2, Shionogi Pharmaceutical 
co., Osaka, Japan) for 3 days. Effecters and 
Naz5’Cr0,-labelled targets (200 uCi/ml, New England Nuc- 
lear) were co-cultured for 4 h at a ratio of 25 : 1. The percentage 
of specific tumour cell lysis was calculated by the formula: 

9/, specific lysis = 

experimental release - spontaneous release 

maximal release-spontaneous release 
x 100 

where spontaneous release is that observed in the absence of 
effector ceils, and m aximal release is that found in the 
supernatant after treatment of the target cells with 1 “/o Triton 
x-100. 

Phagocytosis 
PMNL were co-incubated in HBSS with 1 pm latex 

particles at a ratio of 1: 100 for 1 h at 37°C. Phagocytosed 
particles were observed microscopicaily, and PMNL contain- 
ing more than five particles were considered to be phagocytic 
cells. Phagocytic activity was expressed as the percentage of 
phagocytic cells in 400 cells counted. 

Superoxide (0;) generation 
0; was spectrophotometrically assayed by a cytochrome c 

(type VI, Sigma Chemical Co., St. Louis, Missouri, U.S.A.) 
reduction method using a double wavelength spectrophoto- 
meter (UV-300, Shimadzu Ltd, Kyoto, Japan) equipped with 
a thermostatted cuvette horder. The reaction mixtures (1 x 
106/ml PMNL and 100 uM cytochrome c in HBSS) in the 
cuvette were preincubated at 37°C for I min, and 50 ng/ml 
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Table 2. Cell counts, blastogenesis, NK activity, and phagocytosis of PMNL in age groups before cancer 
therapy 

Cell counts, subset 
proportion, NK activity 
and others 

Healthy persons 
(control group) 

PMNL 
Lymphocytes 
CD3 (“i,) 
CD4/CD8 
Blastogenesis 
(Con A, x lo4 dpm) 
NK activity (“<,) 
Phagocytosis (“()) 

3660f 1170 
177Ok460 
60.6k7.7 

2.1 kO.3 
15.2 +5.0 

39.Ok11.4 
57.5k3.3 

Group A 

3710+ 1230 
1750+ 510 
63.8* 12.6 

2.2kO.5 
8.8f7.1* 

37.3 f 16.2 
56.1 +5.0 

Cancer patients 

Group B 

3690 & 1225 
1780&530 
61.8+ 12.6 

2.OkO.5 
8.7 +6.8* 

35.3 2 17.7 
56.Oi3.8 

Group C 

3560t1133 
1520*560 
61.5k9.4 

2.OkO.3 
6.0*3.5* 

38.1+ 18.9 
55.4k4.1 

*Significantly lower than the control value (P<O.OOl, t-test). 

phorbol 12-myristate 13-acetate (PMA, Sigma) was added. 
The kinetics of cytochrome c reduction were measured by the 
absorbance change at 550-540 nm. 0; concentration was 
calculated from the linear portion of the cytochrome c 

reduction curve. 

Assay of cytokines 

PMNL (2 x lo6 cells), lymphocytes (1 x IO6 cells) or mono- 
cytes (1 x lo5 cells) were incubated in 1 ml of RPM11640 

medium containing lo”, autologous serum in the presence or 

absence of LPS (100 ng/ml), IL-2 (10 U/ml) or TNF-a 
(50 U/ml), respectively. After 48 h incubation, the culture 
supernatants were stored at -80°C until cytokine titration. 
IL-10 and GM-CSF levels were determined by enzyme- 
amplified sensitivity immunoassay (EASIA), using IL-1 
P-EASIA (Medgenix Diagnostics, Brussels, Belgium) and 
GM-CSF-EASIA (Medgenix Diagnostics). IL-6 and TNF+ 
levels were determined by enzyme-linked immunosorbent 

assay (ELISA) using QuantikineTM (Research and Diagnostic 
Systems, Minneapolis, Minnesota, U.S.A.) and BIOKINETM 

(T Cell Sciences Inc., Cambridge, Massachusetts), respect- 
ively. 

RESULTS 

Cell counts and proportion of T cell subsets 

There were no differences in PMNL and lymphocyte counts 
among the groups. The counts of PMNL and lymphocytes 
were about 3600 cells/u1 and 1700 cells/ul, respectively, being 
slightly decreased in group C (Table 2). After the completion 
of cancer therapy, leucocyte counts decreased in all patient 

groups, but a significant decrease in PMNL and lymphocytes 

was observed only in group C (data not shown). 
The CD3 population was similar between the control and 

patient groups, and the proportions of CD4 and CD8 were 
almost the same in all groups (data not shown) with a CD4/ 
CD8 ratio of about 2: 1. Cancer therapy did not affect the CD3 
population or the CD4/CD8 ratio (Table 2). 

Blastogenesis 

PHA-induced blastogenesis was originally suppressed in 
groupA(17.2k9.9~ 104dpm),groupB(15.0~9.0x 104dpm) 
and group C (9.7 + 5.5 x lo4 dpm), compared with the control 
group (24.5 k 8.2 x lo4 dpm) (Fig. 1). After inductive chemo- 

radiotherapy, lymphoblastogenesis decreased slightly and was 

followed by a further significant decrease in DNA synthesis in 
groups B and C. ConA-induced blastogenesis was also 

significantly decreased, especially in group C (Table 2). 

NK and LAK activity 

No difference in NK activity was observed among the 
groups examined (Table 2), and no change in NK activity was 

induced by cancer therapy (data not shown). However, a 
marked difference in LAK activity was observed between the 
control and patient groups (Fig. 2). The original LAK 

activities of groups A, B and C were 55.3* 16.6”,,, 
58.1+ 16.8”,, and 56.8* 17.1’,,, respectively, these activities 
being significantly lower than that of the controls 
(72.8 k 9.6”,,). The killing activity gradually decreased during 

cancer therapy, and significantly decreased after completion of 
cancer therapy in groups B and C (48.0*15.1”,, and 
42.9+ 11.3”,,, respectively). 

Cytokine generation 

An age-related decrease in cytokine generation was 
observed in lymphocytes, monocytes and PMNL. Monocytes 
from patients in group B, and both lymphocytes and mono- 

cytes in group C, generated about half the amount of 
GM-CSF in the presence or absence of IL-2 and TNF-z as 
compared with control cells (Fig. 3a). A decreased generation 
of TNF-c( was observed in groups B and C, this being about 66 
and 50”,,, respectively, of that generated in the controls 
(Fig. 3b). However, lymphocytes from patients in groups A 
and B produced IL-lfi at about the same level as the control 
group, while the cytokine generation of lymphocytes in group 
C was suppressed to about 75’1,) of the control level (Fig. 3~). 

In addition, an age-associated decrease of IL-l@ generation 
was observed in both monocytes and PMNL. For example, the 
PMNL in group C patients produced 81.7 + 12.6 and 
71.7& 7.6 pg/ml/2 x 10’ cells in the presence or absence of 
LPS, respectively, being about 55”,, of the values in the 
controls (148.3$- 32.5 and 126.7& 17.6 pg/ml/2 x lo6 cells, 

respectively). 
IL-6 generation of lymphocytes and monocytes was not 

suppressed in groups A and B. However, a marked decrease of 
the cytokine generation was seen in group C (Fig. 3d). 
Compared to lymphocytes and monocytes, IL-6 production of 
PMNL showed a slightly age-related suppression. In group C, 
IL-6 production by PMNL was decreased by about 50”,, 
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Fig. 1. Lymphocyte blastogenesis by PHA in age groups. Lymphocytes (1 x 105cells/well) from healthy controls (0), group A ( l ), 
group B (A) and group C patients ( W) were stimulated with PHA (0.5 Kg/ml) for 3 days, and then pulsed with [‘Hlthymidine and 
incorporated isotopes were counted. Each bar indicates mean+ 1 S.D. *P<O.Ol, and tP<O.OOl (versus control, by t-test). 

iP<O.Ol (versus group A, by t-test), §P<O.Ol (versus before treatment, by paired t-test). 
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Fig. 2. Suppression of LAK activity in cancer patients. Lymphocytes were cultured with rIL-2 (100 U/ml) for 3 days, and 
cytotoxicity against Daudi cells was examined. Symbols are as in Fig. 1. *P<O.OOl, tP<O.Ol (versus control, by t-test), fP-cO.05, 

§P<O.Ol (versus before treatment, by paired t-test). 

Phagocytosis and 0; generation of PMNL all patient groups. The amounts of 0; generated were 
Phagocytic activity was normal, even in group C (Table 2), 105.2* 19.4, 79.7k27.4, 82.6k28.4 and 79.7k22.5 pmol/ 

and was not affected by cancer therapy (data not shown). min/104 cells in the control, and groups A-C, respectively 
However, a significant decrease of 0; generation was seen in (Fig. 4). After inductive chemoradiotherapy, 0; generation 
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Control Group A 
(H&thy persons) 

Group B Group C 

Group C 

Control I 

(Healthy persons) 

Group B 

Control Group A 
(Healthy persons) (lieamy persons, 

*PA Group B Group B Group C 

Fig. 3. Cytokine generation of lymphocytes, monocytes and PMNL in age groups of patients with oral c arcinoma. Lymphocytes 
with (B) or without (L_J) rIL-2, monocytes with (w) or without (m) rTNF-a, PMNL with (w) or without (m) 
LPS were cultured for 48 h as described in Materials and Methods. Cytokines released into the medium were measured. 

(a) GM-CSF; (b) TNF-rx; (c) IL-l@ (d) IL-6. 

was decreased to 68.4k24.9 and 64.6& 19.5 pmol/min/lO” 

cells in groups B and C, respectively. However, group A did 
not exhibit any significant decrease of 0; generation. After 
these decreases, 0; productivity of PMNL remained con- 

stant. 

DISCUSSION 
Investigation of leucocyte function in cancer patients is very 

important because tumour cell invasion and dissemination, 
and also opportunistic infection may occur if lymphocyte and 
PMNL functions are suppressed. Leucocyte dysfunction may 
result from both aging and cancer therapy. For the safe 
treatment of highly aged patients, their leucocyte functions 
and the influence of cancer therapy on leucocytes should be 
examined. 

Elderly patients originally exhibited no abnormality in 
leucocyte counts, CD3 proportion, CD4/CD8 ratio, NK 
activity or phagocytosis. These parameters, except for the cell 
count, remained virtually constant, even during and after 
treatment. However, a decrease in T cells and CD4/CD8 ratio 
is occasionally noted in autoimmunc diseases [19] and 
immunosuppressive viral infection [20]. Not only the propor- 

tions of T cell subsets, but also NK and phagocytic activities, 

seem to be immutable in malignant tumours, and hardly 
affected as far as the tumour stage has not progressed. 

The finding that both lymphocyte and PMNL counts 

decreased with advance of cancer therapy in group C might be 
explained by bone marrow suppression. It was expected that, 
in very old patients, more marked bone marrow suppression 

would be induced, and recovery from the suppression would 
be delayed. However, no such clear suppression of the bone 
marrow was found in group C. 

T cell blastogenesis was markedly suppressed by cancer 
therapy. Taken together with the original suppression of the 
DNA synthesis of T cells in groups B and C, T cells may 
become too hypofunctional with age to react to mitogens and 
cytokines. Hypofunction of T cells from very old patients is 
also considered by the lymphocyte cytokine productivity. The 
influence of aging was observed in the production of all 
cytokines examined, especially in TNF-cr and GM-CSF 
production in groups B and C. Lowered cytokine production 
was also observed in monocytes and PMNL of the elderly 
groups. The present results of cytokine generation in the 
presence or absence of IL-2 and TNF-r* stimulation suggest a 
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hypofunctional cytokine network in highly aged cancer before and during treatment is important for successful 

patients. treatment, especially in aged patients. 
The function of NK cells seems also to be influenced by 

aging. However, NK activity was similar in all three groups, 
and was not affected by cancer therapy. The original LAK 
activity in aged patients was markedly lower than that in the 
controls. Cancer treatment induced further suppression of 
LAK activity in both groups B and C. T cells, especially CD8 
cells, are induced to be LAK cells by appropriate stimulation 
with, for example, IL-Z or anti-CD3 antibody [21], but their 
LAK activity is much lower than that of NK cells [22-241. 
Therefore, LAK activity of unfractionated lymphocytes 
greatly depends on NK cells, and the decreased LAK activity 
can be interpreted as poor LAK induction from NK cells. The 
immunological parameters examined in the present study may 
be influenced by tobacco and alcohol, but there were no 
differences between patients with and without these habits. 
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