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Head and neck cancer (H&N CA) patients have known depression of cell-mediated immunity. There is 
suggestive evidence that prostaglandin (PCE+secreting cells may be a major factor. The authors have 
sought to determine the role of PGEZ-releasing monocytes-macrophages in this immune depression by 
determining the effects of adherent cell depletion and by measuring the effects of indomethacin, a PGEl 
synthetase inhibitor, on selected tests of lymphocyte function. Lymphocyte stimulation with phytohem- 
agglutinin (PHA) (T-cell stimulant) and Staph phage lysate (SPL) (B-cell stimulant) was done in the 
presence of varying concentrations of indomethacin; the effect of adherent cell depletion also was 
determined. The study population included 45 patients with localized or locoregional squamous CA of 
the H&N and 40 controls. Results included the following: (I) lymphocyte stimulation responses to PHA 
and SPL were generally depressed in the CA patients versus controls; (2) incubation with indomethacin 
produced bivalent effects in both controls and CA patients, depending on the concentration of indo- 
methacin and lymphocyte stimulant; incubation with optimum concentrations of indomethacin generally 
produced augmented responses in both study groups whereas high concentrations of indomethacin were 
suppressive: (3) the immune potentiating effects were not observed in older patients with advanced 
disease; and (4) removal of adherent leukocytes (mainly monocytes) also restored depressed lymphocyte 
responses. Although other factors also are operative, our data suggest that PGE2-secreting monocytes- 
macrophages may have a major role in the immune depression of H&N CA patients. Age and host 
effects of the cancer and the malnutrition common to these patients probably are involved also, although 
their singular contribution has not been measured. This depression is largely reversible by a PCE2 
synthesis inhibitor, indomethacin, which suggests the potential value of in vivo administration of indo- 
methacin to H&N CA patients as an adjunct. 
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ATIENTS WITH head and neck cancer have known P depression of cell-mediated immunity.’-8 In part, 
this is thought to be due to various circulating suppres- 
sive factors such as suppressor T - c e l l ~ ~ ~ ’ ~  and suppressor 
macrophages (MO),” to various serum factors such as 
immune complexes,’ and. possibly, to excess prosta- 
glandin production by the tumor.12 Adherent MO are 
known to have suppressive effects on lymphocyte func- 

From the *Division of Surgical Oncology, Department of Surgery, 
and the $Division of Head and Neck Surgery, Department of Otolar- 
yngology. University of Virginia Medical Center. Charlottesville, Vir- 

tion, which may be mediated, in part, by prostaglandins 
(PGE2).I3-*’ A prostaglandin E2 synthetase inhibitor, in- 
domethacin, may permit indirect measurement of re- 
versible suppressor cell activity on selected lymphocyte 
f u n ~ t i o n . ” * ’ ~ * ~ ~  The assay consists of comparing the 
lymphocyte biastogenic response to mitogens or anti- 
gens under various culture conditions with and without 
indomethacin. Dose-response curves to these stimulat- 
ing agents can be generated, and the effect of indometh- 
acin calculated. Several authors have used variations of 
this assay to demonstrate indomethacin-sensitive sup- 
pressor-cell activity in cancer patients. Goodwin and 

ginia. 

their assistance in this study. 

colleagues demonstrated that the depressed peripheral 

ease was due to overproduction of PGE2 by peripheral 
blood monocytes in these patients.23 This defect was 
reversed by adding a prostaglandin synthetase inhibi- 
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of indomethacin-sensitive suppressor cells in lung 
cancer patients,” and Maca and Panje have demon- 
strated similarly responding cells in head and neck 
cancer Panje has camed these studies even 
further and has treated head and neck cancer patients 
with indomethacin; he elicited apparent regression of 
measurable tumor in five of seven patientsz4 

This study determines the role of indomethacin-sen- 
sitive suppressor cells, presumably adherent monocytes, 
in the immune depression which frequently exists in 
head and neck cancer patients. 

Patients and Methods 
There were 45 patients with squamous cancer of the 

head and neck, including 36 men and seven women, 
whose average age was 61 years (range, 28-81). Their 
disease stages, according to the American Joint Com- 
mittee for Clinical Staging, were as follows: Stage I, six 
patients; Stage 11, six patients; Stage 111, 15 patients; and 
Stage IV, 18 patients. Thirty-seven patients had primary 
cancers and eight had recurrent disease. All of the latter 
were listed as Stage IV. Primary sites included the oral 
cavity in 17 patients; the pharynx in eight patients; and 
the larynx in 13 patients (all were squamous cancers). In 
addition, there were seven patients with other types of 
head and neck cancer. Included in the latter group were 
two cancers of the parotid gland (mucoepidermoid), one 
of the maxillary sinus, one of the nasal cavity (both 
adenocystic), one of the orbit, and one of the upper 
esophagus (both epidermoid cancer). Previous radiation 
had been given to ten patients; one patient had received 
previous chemotherapy and was tested between chemo- 
therapy cycles. Most of the patients were operative can- 
didates and had good performance status (Karnofsky 
status 280%). About one third of the advanced disease 
group required nutritional support. Although strict nu- 
tritional assessment was not done, most of the Stage 111 
patients and essentially all of the Stage IV patients had 
nutritional impairment (8%- 15% less body weight). In 
general, patients were tested before the initiation of 
treatment, with the exception of those receiving preop 
erative radiation. The normal controls were 28 hospital 
personnel, 13 men and 15 women, who had an average 
age of 35 years (range, 20-60). To assess the effects of 
age, an additional set of 12 controls (ten women, two 
men) was studied. This included six young individuals 
whose average age was 29 years (range, 20-42) and six 
older individuals whose average age was 58 years (range, 
48-77). 

Lymphocyte Function and Indomethacin Assay 
The lymphocytes of controls and patients were ex- 

tracted from heparinized whole blood (40-60 ml/per- 
son) using the Ficoll-Hypaque (Sigma Chemical Co., St. 

Louis, MO) method.*’ Blood was diluted approximately 
1: 1 with Earle’s Balanced Salt Solution (EBSS) without 
calcium (Ca”) or magnesium (Mg++) (GIBCO, Grand 
Island, NY), and 35 ml of diluted blood was gently 
layered onto 15 ml of Ficoll-Hypaque and centrifuged 
for 25 to 30 minutes at approximately 400 X gin an IEC 
Model V centrifuge (International Equipment, Boston, 
MA) at room temperature (23°C). The density layer of 
mononuclear cells was carefully removed and placed in 
another 50 ml polypropylene centrifuge tube (Corning, 
General Scientific, Corning, NY), the volume of which 
was adjusted with EBSS to 50 ml. The tube was centri- 
fuged for 10 to 15 minutes at 400 X g. The supernatant 
was aspirated and the cell pellet resuspended in 2 ml of 
EBSS. After the pellet was resuspended, the volume in 
the tube was adjusted to 50 ml with EBSS, and the tube 
was spun for 10 minutes at 400 X g. The supernatant 
was aspirated, and the pellet was resuspended in 1 ml of 
Roswell Park Memorial Institute (RPM1)-1640 
(GIBCO) 10% heat-inactivated human AB serum 
(GIBCO), and 10 p1 were added to 190 p1 of a 0.5% 
crystal violet 10% acetic acid solution and counted in a 
hemacytometer. The cell concentration was then ad- 
justed to 5 X lo’ cells/ml based on this count. The 
percentage of viability was generally in the 98% to 99% 
range. 

The indomethacin (Sigma Chemical Co.) solutions 
were prepared by first dissolving 10 mg of indomethacin 
in 2 ml of 95% ethanol (ETOH). After the crystals dis- 
solved, 8 ml of RPMI-1640 was added to give a stock 
solution. The concentrations used were serial dilutions 
of this stock solution. Twenty-five microliters of the ap- 
propriate dilutions of indomethacin were added to the 
appropriate wells of a 96-well Costar tissue culture plate 
(M. A. Bioproducts, Silver Spring, MD). 

The indomethacin dose-response curves in each test 
were constructed from indomethacin concentrations 
ranging from 40.0 pg/ml (generally suppressive) to more 
dilute concentrations, 0.8 to 0.04 pg/ml, which were 
considered to be in the immunoregulatory range. To the 
same plate, 25 p1 of medium RPMI-1640 or phytohem- 
agglutinin-M (PHA-M; GIBCO) or Staph phage lysate 
(SPL) were added. The stock concentrations of PHA-M 
were 1000 pglml, 5000 pglml, or 10,000 pg/ml. The 
respective concentrations in the well were 100 pg/ml, 
500 pg/ml, and 1000 pglml. Staph phate lysate types I 
and 111 (Delmont Labs, Swarthmore, PA) were used un- 
diluted, to a final dilution of 1: 10 in the well. The above 
concentrations previously were determined to give the 
best sensitivity to differences between normals and 
cancer patients in this laboratory.26 Two hundred mi- 
croliters of 5 X lo’ cells/ml in RPMI-1640 with 10% 
human type AB sera (ABS) were added to all wells, and 
the plates were placed in a 37% 5% carbon dioxide 
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FIG. I .  The mean absolute lymphocyte blastogenic response to three 

different concentrations of PHA-M and Staph phage lysate is shown. 
There is a significant difference in response between the two popula- 
tions to PHA (100 pg/ml)but not to PHA 500 pg/ml or 1000 pg/ml. or 
to SPL. 

(C02), 88% humidified incubator for 3 days. On the 
third day, 2 pCi/50 p1 of 'H-thymidine (SA 6.7 Ci/ 
mmoles; New England Nuclear, Boston, MA) were 
added to each well, and the plates were replaced in the 
incubator for another 24 hours. 

The plates were removed and placed in a cold room 
(4°C) until they were collected, using an Otto-Hiller har- 
vester (Otto Hiller, Madison, WI) on Whatman glass 
fiber paper (Whatman #934AH, Whatman Laboratory 
Products, Clifton, NJ). The paper circles were removed, 
placed in 2 ml of Beckman Ready-Solv HP counting 
cocktail (Beckman Instruments, Fullerton, CA), allowed 
to stand for at least 3 hours, and then counted in a 
LS-8000 liquid scintillation counter for 1 minute. 

The data were calculated in the following manner: 
x - Y  

Y 
percent change = - x loo%, 

where X is the cpm of sample containing medium, mi- 
togen, or antigen and a known concentration of indo- 
methacin, and Y is the cpm of sample containing me- 
dium, mitogen, or antigen with no indomethacin. 

Statistical analysis included chi-square; two-tailed, 
two-sample I test; linear regression; and Wilcoxon 
matched pairs signed-rank test. In the tables and figures, 
which show the mean percent change, only numbers 
which showed 10% change were listed (10% was approx- 
imately the standard error of all the test data). Lesser 
changes were recorded as no response. 

Adherent Cell Depletion Experiments 

To determine the effects of depleting adherent cells on 
lymphocyte stimulation by PHA and whether this ac- 
tion modified the indomethacin effect, experiments 
were carried out in an additional 25 controls and 27 
head and neck cancer patients. Adherent cells were de- 
pleted by incubating 5 ml of 2 X 106/ml Ficoll-Hypaque 
separated cells in RPMI-1640 containing 10% ABS on 
60 X 15-mm petri dishes (General Scientific, Rich- 
mond, VA) for 2 hours at 37°C in 5% C02. After 2 
hours, the petri dishes were agitated by swirling, were 
washed twice with 1 X EBSS, and all cell-containing 
media were collected. The cells were spun at 400 X g for 
10 minutes, and the cell pellet was resuspended in 1 ml 
of RPMI-1640 with 10% AB serum. The cells were 
counted, and the count was adjusted to 5 X lo5 cells/ml. 
The resulting cell suspension generally contained less 
than 5% to 8% esterase-positive cells. 

Results 

The overall mean mitogen and antigen responses are 
shown in Figure 1. The mean lymphocyte stimulation 

v) 
W 

J 
w 
v) 

f 

a m 
I 
0 
t 
2 
t u 
n 
0 

BASELINE RANGE 
'80 30,000 - 400,000 CPM t BASELINE RANGE 

1967 - 280,000 CPM 

IOOC 

!:. .... 

-loo[ -I40 : 
-180 I 

I 1  I I I 1 I 
0.8 0.4 0.2 0.8 0.4 0.2 

INDO (pglml) INDO (pg/ml)  
CONTROL CA 

FIG. 2. The scattergram depicts the incremental changes in PHA 
response induced by lymphocyte incubation with indomethacin at 
three different concentrations at a PHA concentration of 100 rng/ml. 
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180 
responses were higher in the controls at the three con- 
centrations of PHA tested, with the greatest difference 
occumng at the lowest concentration (PHA 100 pg/ml). 
The effects of incubating with different concentrations 
of indomethacin on the lymphocyte responses at three 
different concentrations of PHA and at one dilution of 
SPL are shown in Figures 2 through 6A and 6B and 
Figures 7A and 7B, respectively. Indomethacin concen- 
trations of 40 pg were universally suppressive (probably 
toxic), whereas doses of 0.8 to 0.04 pg/ml were consid- 
ered biologically active. The indomethacin effects on 
lymphocytes stimulated by PHA 100 pg/ml is shown in 
Figures 2 and 3. The mean effects of indomethacin at 
concentrations of 0.2 to 0.8 pg/ml produced an increase 
over baseline of 33% to 46% in controls and 53% to 60% 
in cancer patients (P < 0.005) (Figs. 2 and 3). The data 
for the indomethacin dose response curves is displayed 
to include a scattergram showing the change in individ- 
ual responses (Fig. 2). 

A similar number of cancer patients and controls 
(1 4%- 16%) had increase in PHA response of greater 
than 20,000 CPM. Approximately 17% to 24% of the 
tests in the controls, and 6% to 9% of the tests in the 
cancer patients, showed indomethacin-induced depres- 
sion, >20,000 cpm, at this PHA dose level. Overall, 
there were no differences between cancer patients and 
controls. The greatest responses occurred in the inter- 
mediate PHA range (500 pglml) where there was an 
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FIG. 3. This figure shows the mean percent change in PHA response 
as modified by coculturing of lymphocytes with different indometha- 
cin concentrations. A typical dose-response curve results ranging from 
marked suppression at the highest indomethacin concentration, peak, 
and then demonstrated responses with increasing dilution of drug. 
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FIG. 4. The scattergram depicts the incremental changes in PHA 
response induced by lymphocyte incubation with indomethacin at 
three different concentrations and a PHA concentration of 500 pg/ml. 
The percent of test subjects showing incremental increases above base- 
line of >20,000 cpm (> 10% increase) was 28% for controls and 23% for 
the cancer patients. Less than 9% of controls and 6% of cancer patients 
showed significant depression (negative decrement of 20,000 cpm). 

overall increase in the number of subjects who showed 
greater than 10% change from the baseline response at 
indomethacin concentrations of 0.8 to 0.04 pglml. The 
individual responses to indomethacin are shown in the 
scattergram, Figure 4, and the mean percent change and 
percentage of subjects showing change is shown in Fig- 
ures 5A and 5B. Indomethacin concentrations of 0.8 to 
0.04 pg/ml generally augmented the response (the 40.0 
pg dose is suppressive). The overall effect of indometha- 
cin at three dose levels was to increase the pHA response 
from baseline in 54% of controls and 57% of the cancer 
patients. Increases of >20,000 cpm (about 20%-30% of 
baseline) occurred in 28% of controls and 23% of cancer 
patients. Depressed responses, >20,000 cpm, occurred 
in -= 10% of the controls and cancer patients. The great- 
est responses to indomethacin occurred at PHA con- 
centrations of lo00 pglml (Figs. 6A and 6B). The con- 
trols showed a greater augmentation than did the cancer 
patients. Indomethacin effects on lymphocyte stimula- 
tion with SPL (Figs. 7A and 7B) showed more uniform 
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FIGS. 5A AND 5B. (A, top) The dose-response curve for the lym- 
phocyte response to PHA at 500 pg/rnl after coculturing with indo- 
methacin is shown. (B, bottom) The percentage of subjects showing 
> 10% change from baseline is displayed. There is no difference be- 
tween controls and the cancer patients. 

increases than those seen with any of the PHA concen- 
trations. Again, indomethacin elicited a classic dose-re- 
sponse curve (with marked suppression) at concentra- 
tions of 40 pg/ml, an elevated response at concentra- 
tions of 0.8 to 0.2 pg/ml, and a lesser response at 
indomethacin concentration of 0.04 pg/ml. The mean 
peak response was 30% to 40% (Fig. 7A), and 50% to 
60% of test subjects showed augmented responses. 

Relation of Indomethucin Response to Stage of Disease 

Comparison of responses according to stage of disease 
is shown in Table 1.  Presented in this table are the indo- 
methacin effects on the lymphocyte response to PHA at 

a highest concentration (1000 pg/ml) and to SPL at 1: 10 
dilution. The frequencies of changes in response in the 
cancer patients were compared to that in the controls 
using the Wilcoxon matched-pairs test. Positive or nega- 
tive responses were those >lo% of the mean baseline 
response to the stimulant (done in triplicate). The re- 
sponses with indomethacin 40.0 pg/ml were depressed 
in both patients and controls (presumably on a toxic 
basis due to the drug or alcohol concentration). The 
alcohol concentration of 0.4% in this indomethacin 
preparation produced a modest depression of itself. The 
alcohol in the more dilute preparations had no effect. 
The cancer patients generally showed increased re- 
sponses within each stage after culturing with indo- 
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the percent of subjects whose PHA lymphocyte responses are modified 
by indomethacin and produce > 10% change from baseline. 
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methacin 0.8 to 0.04 pglml. Approximately 52% to 60% 
of cancer patients had increased responses to PHA and 
7 1 % to 73% showed increased responses to SPL. These 
responses in the cancer patients were statistically signifi- 
cant in comparison to controls only in patients with 
Stage 111 (considering the PHA response) and Stages 111 
and IV (considering the response to SPL). 

Relation of Indomethacin Eflects to Baseline 
Lymphocyte Responses 

There appeared to be a relationship between the base- 
line response to suboptimal concentrations of PHA and 
the ability of selected concentrations of indomethacin to 
augment that response (Table 2). Among the patients 
who had low response rates (less than 50,000 cpm) to a 
suboptimal PHA concentration of 100 pg/ml, 63% 
showed augmentation in comparison to 31% in the 
group with baseline PHA responses more than 50,000 
cpm (P < 0.005 by chi-square). However, there were no 
differences at the two higher PHA concentrations. In 
controls, only at PHA 500 pglml was a significant dif- 
ference noted between the PHA baseline responses less 
than 50,000 cpm and those greater than 50,000 cpm. 
Here, 85% of the group with low baseline responses were 
augmented by indomethacin compared to 54% in the 
group whose baseline responses were normal (>50,000 
cpm) (P < 0.05). Examination of the correlation coeffi- 
cients (Pearson) between the PHA response and the 
augmentation effects of indomethacin did not show a 
significant correlation between the absolute level of the 
PHA response and the percentage of indomethacin-in- 
duced augmentation or depression. Thus, at PHA con- 
centrations of 100 pglml, the values at the most respon- 
sive concentration of indomethacin (0.8 pg/ml) were 
0.385 in cancer patients and 0.084 in controls (P = not 
significant [NS]). 

Eflect oJAge 

Normal persons: A separate study was done to exam- 
ine the effect of age on the indomethacin response in 12 
normal persons who were studied during the same time 
period Table 3. There were six younger persons, with a 
mean age of 29 years (range, 20-42), and a group of six 
older persons, with a mean age of 58 years (range, 
48-77). We compared the effect of indomethacin on the 
whole leukocyte population and on the adherent cell- 
depleted lymphocyte population. Both younger and 
older subjects showed increased responses by all indo- 
methacin concentrations, except for the largest indo- 
methacin concentration (40.0 pglrnl), which produced 
depression. Although the mean increment increase 
ranged from 9% to 23% in both age groups, these differ- 
ences were not statistically significant. Only indometha- 
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FIGS. 7A AND 7B. (A, top) The indomethacin effects on the lym- 
phocyte response to staph phage lysate are shown. (B, bottom) The 
percent of test subjects whose lymphocyte responses to SPL are modi- 
fied > 10% from baseline by indomethacin are shown. 

cin at 40 pglml produced significant changes (depres- 
sion, in this case). Comparison of the mean responses 
between younger and older controls showed modest dif- 
ferences in incremental increases at certain indometha- 
cin concentrations. Indomethacin at 0.4 pdml was as- 
sociated with greater responses in younger persons, and 
indomethacin 0.04 pglml produced greater responses in 
older individuals (P = 0.05). If one includes all of the 
subsets studied with different indomethacin concentra- 
tions, there does not appear to be a difference between 
the younger and older patients. 

Cancer patients: The effects of age on the indometha- 
cin modulation (0.2 pg/ml) of the PHA (100 pglml) 
response in head and neck cancer patients and controls 
is shown in Figure 8. Age 50 was used as a cut-off point 
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TABLE I .  Effect of lndomethacin on Lymphocyte Responses of Head and Neck Cancer Patients According to Stage of Disease 

Lymphocyte Stage i 
stimulant (N = 6) 

Stage 2 
(N = 6) 

Stage 3 
(N = 15) 

Stage 4 
(N = 18) 

PHA IOOOpg/ml 

lndomethacin 
40.0 pg/ml 
0.8 
0.4 
0.2 
0.04 

SPL 1:io 

I ndomethaci n 
40.0 pglml 
0.8 
0.4 
0.2 
0.04 

(%t) 

17 
17 

56% { 67 
83 

100 

33 

67 

(4%) 

67 
0 

17 
0 
0 

67 
0 
0 
0 

17 

(%t) 

40 
40 

60% { 60 
80 
40 

20 
100 

73%{ 60 
60 
80 

(4%) 

60 
20 
0 

20 
20 

60 
0 

20 
0 
0 

(%t) 

20 
60 

60% 53t 
{ 6 7 t  

5ot 

73 
7 30 

73% 809 
675 
7 19 

(4%) 

73 
13 
0 
7 
7 

13 
13 
0 

20 
14 

(%t) 

17 
56 

52% 44 
56$ 
33 

44 

(4%) 

72 
22 
22 
17 
33 

69 
19 
13 
13 
19 

%t or 4% refers to percentage of patients in whom there was > 10% 
change induced by indomethacin. The mean (96) change of three opti- 
mum indomethacin concentrations (0.8 to 0.2 fig/rnl) is shown. 

The above values are compared to the responses in the controls at 

the respective indomethacin concentrations. Differences: t P  < 0.05; 
SP < 0.02; § P  < 0.01 by Wilcoxon matched pairs signed rank test. 

PHA: phytohemagglutinin; SPL: staph phage lysate. 

in view of the above study in normal persons, which 
generally showed no difference with this cut-off point. 
Responses were categorized as either positive (showing 
augmentation by indomethacin) or negative (no re- 
sponse, or decreased response). The number and per- 
centage of positive responses in the head and neck 
cancer patients younger than 50 years versus the con- 
trols younger than 50 years was four of five (80%) versus 
3 1 of 49 (63%) (P = NS). Among the study subjects older 
than age 50 years. the number of positive responses was 
32 of 48 (67%) in the head and neck cancer patients 
versus nine of 11 (82%) in the controls (P = NS). If one 
examined the head and neck cancer patients within the 
same stage (IV, generally the most depressed group), the 
patients younger than 60 years of age showed a generally 
greater number of augmented responses with indometh- 
acin than in the older patients, especially at PHA con- 

centrations of 500 pg/ml and 1000 bg/ml. Most of these 
differences were significant (P < 0.005) (Table 4). 

Eflect of Depletion of Adherent Cells 

The effect of depleting the adherent cells on the lym- 
phocyte stimulation response and its modulation by in- 
domethacin was examined in the cancer patients and 
controls. Plastic adherence of Ficoll-Hypaque separated 
leukocytes produced about 25% lymphocyte enrich- 
ment. This was analyzed in six patients and seven con- 
trols by use of the nonspecific esterase stain2’ and the 
Giemsa and Wright’s stains. The percentages of lym- 
phocytes (+SD) after Ficoll-Hypaque separation were 
70.1 k 6.4% in controls and 79.6 +- 1 1.2% in the cancer 
patients (by nonspecific esterase stain). A single-step 
plastic adherence for 1 hour changed this to 90.4 k 10% 

TABLE 2. Relation Between the Baseline PHA Response and the Augmentation Induced by lndomethacin (0.8 figlml) 

Patients’ baseline PHA response Controls’ baseline PHA response 

PHA concentration lndomethacin effect <50,000 cpm > 50,OOO cpm <50,000 cpm > 50.000 cpm 

I00 pg/ml 

500 pgjml 

1000 &ml 

25t (63%) 29 (31%) 7 (47%) 34 (38%) 
I5 65 8 55 

25 (63%) 60 (67%) 1 I *  (85%) 38 (54%) 
I S  29 2 32 

45 (75%) 40 (66%) 21 (81%) 53 (77%) 
15 21 5 24 

* P < 0.05. 
t P < 0.005. 
Notice: PHA at 100 pg/ml shows the greatest discrimination in the 

+: lndomethacin at a concentration of 0.8 pglml produced aug- 
mentation (+), or depression, or no change (-); PHA: phytohemagg- 
lutinin. 

responses between cancer patients and controls (Fig. I). 
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in controls and 93.9 f 4% in cancer patients. If the step 
is repeated, the percentages of lymphocytes are further 
increased to 97.5 2 1.6% and 96.3 +_ 2%, respectively. 
This amount of adherent cell depletion with the two- 
step maneuver resulted in a loss of lymphocyte respon- 
siveness to mitogens, and thus only the one-step method 
was used. 

The effect of depletion of adherent cells on the lym- 
phocyte response to PHA 100 pg/ml in control persons 
and cancer patients is shown in Figures 9 and 10. De- 
pleting adherent cells resulted in a significant increase in 
the mean lymphocyte responses to PHA in the cancer 
patients, but not in the controls. Despite a marked in- 
crease in responses in the cancer patients, the values 
achieved were still significantly less than the responses in 
the controls. The effects of indomethacin are best shown 
by registering the number of patients showing change 
from their baseline (Fig. 1 I ) ,  rather than by measuring 
changes in the means of the group studied (Figs. 9 and 
lo), because the broad standard error involved nullifies 
the observed changes. Indomethacin produced the 
greatest increase in the PHA responses of the total lym- 
phocyte population and much more modest changes in 
the lymphocytes that had been depleted of adherent 
cells. Of the controls, an equal number showed an in- 
crease or a decrease in the PHA responses of the total 
lymphocytes and of the lymphocytes depleted of adher- 
ent cells. The effect of age on adherent cell depletion in a 
selected group of normal persons (older or younger than 
50 years) is shown in Table 3. Adherent cell depletion 
increased the total lymphocyte response to PHA (100 
pglml) from a mean of 3.04 X los to 3.35 X lo5 cpm 
(18.8% increase) in the younger persons and from 2.34 
X 10’ cpm to 3.04 X 10’ cpm (29.9% increase) in the 
older group (P < 0.05). lndomethacin produced only 
slight augmentation in the adherent-cell depleted lym- 
phocyte response to PHA in younger persons (about 
6%-10%) and essentially had no effect in the older per- 
sons ( 1 %-3% increase). None of these changes were sig- 
nificant. 

Discussion 

Although there are many factors involved in the de- 
pression of cell-mediated immunity in head and neck 
cancer patients, this and other studies suggest that indo- 
methacin-sensitive suppressor cells may have an impor- 
tant role in this phenomenon. Incubation with selected 
concentrations of indomethacin produced bidirectional 
effects on the lymphocytes of cancer patients and con- 
trols. Lymphocyte stimulation response to PHA was in- 
creased in over 50% of cancer patients and control nor- 
mal persons by optimum concentrations of indometha- 
cin. There were corresponding depressive effects in both 
study groups as well depending on the concentration of 
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FIG. 8.  The effect ofage on the modulatingefTect of indomethacin (0.2 rg/ml)on the response to PHA (LOO fig/ml) isshown in individual subjects 
using age 50 as the cut-off. The positive response rate in cancer patients versus controls was 80% versus 63%, respectively. in the >50-year-old group 
( P  = NS); in the 40-year-old group. the response. rate was 67% versus 82%. respectively (P = NS). 

PHA used; usually, less than 10% of test subjects showed 
any suppression. A more consistent augmenting effect 
was observed where the lymphocyte stimulant was an 
antigen (Staph Phage Lysate). This may be more biologi- 
cally relevant to the in vivo situation in man, in whom 

the immune system is continually bombarded by a van- 
ety of antigens, ranging from bacteria and parasites to 
tumor cells. 

It would appear that a regulation defect is operative 
here. Perhaps continued T-cell stimulation has been oft- 
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TABLE 4. Effect of Age on Indomethacin Response of Patients With Stage IV Head and Neck Cancer 

>60 yr old, n = 12 < 60 yr old, n = 8 

lndo Conc 
(&ml) %t %& %t %& chi-square 

L 

- 
- 
- 
- 
- 
- 
- - 
- 
- 

I 1  I I  I I  I I  1 1  I I  

PHA 100 &ml 40.0 
0.8 

0 
80 

60 

40 

20 

0.4 
0.2 
0.04 

PHA 500 pg/ml 40.0 
0.8 
0.4 
0.2 
0.04 

PHA lo00 pg/ml 40.0 
0.8 
0.4 
0.2 
0.04 

- - 
- - - - 
- 
r 

0 

12.5 

25 

(58%) { ;: 
50 
50 

63 

63 
12.5 
25 
25 
38 

50 
0 

12.5 
12.5 
0 

75 
0 
0 
0 

12.5 

0 
25 

(25%) ( 33 
17 
8.3 

0 
25 

(28%) { 17 
42 
25 

0 
50 

50 

92 
17 
33 
33 
33 

100 

25 
17 
17 

100 

25 
17 
25 

25 

8.3 

NS 
P<O.lO 

NS 
NS 
NS 

P < 0.005 
P < 0.005 
P < 0.005 

NS 
P < 0.005 

P < 0.005 
P < 0.005 
P < 0.005 
P < 0.005 

NS 

Indo: indomethacin; Conc: concentration; NS: not significant. 

set by an over-exuberant macrophage response with 
overproduction of PGE2 with a corresponding depres- 
sion of some aspects of T-cell function. Although we 
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FIG. 9. Response to PHA (100 pg/ml) + indomethacin in cancer 
patients, n = 27. Removal of adherent cells in the cancer patients 
resulted in a restoration of the baseline response (no indomethacin 
group). There was no further augmentation by adding indomethacin to 
the adherent cell-depleted lymphocytes in the cancer patients. 

(6): Mean percent change induced by indomethacin concentrations 
of 0.2.0.4, and 0.8 pg/ml. 

have not measured macrophage production of PGEz in 
these patients, the indomethacin effects suggest that the 
monocyte/macrophage is involved. The augmentation 
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FIG. 10. Response to PHA (100 &ml) + indomethacin in control 
group, n = 25. Removal of adherent cells in the controls did not 
significantly alter the PHA response (no indomethacin group); nor did 
the addition of indomethacin alter the responses. 
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FIG. 1 I .  The individual effects of 
indomethacin on the PHA (I00 
pglml) responses of the total 
mononuclear population (Ficoll- 
Hypaque separated) compared to 
the adherent celldepleted cells is 
shown. A greater number of the 
cancer patients than controls 
showed indomethacin-induced 
augmentation in studies of the total 
mononuclear population (at indo- 
methacin concentrations of 0.04 to 
0.8 pg/ml) (P = 0.05). There were 
no significant differences in the ad- 
herent cell-depleted group. 

Indomethacin Concentration (pg/ml) 

of the lymphocyte response by indornethacin would ap- 
pear to be due largely to the inhibition of PGE2 release 
by adherent mononuclear cells. Similar effects also were 
obtained by simple removal of a large nonspecific ester- 
ase-positive adherent cells using plastic adherence. This 
suggests that the adherent mononuclear cells in the cir- 
culation may be functioning as suppressor cells and as 
such may have a major role in the depressed lymphocyte 
responses to mitogens and antigens seen in the head and 
neck patients. Although the exact nature of these cells 
was not exhaustively defined, it appears that most of 
them are of a monocyte-macrophage origin; however, 
some adherent T-cells also could be involved. 

The findings reported here regarding head and neck 
cancer patients support what was demonstrated by 
Goodwin and colleagues23 as occumng in patients with 
Hodgkin’s disease. They identified a glass-adherent, 
prostaglandin-producing suppressor cell as being re- 
sponsible for the hyporesponsiveness to phytohemag- 
glutinin commonly reported in Hodgkin’s patients. 
Other causes of cell-mediated suppression also could be 
operative in the head and neck cancer  patient^.^^-^' Rice 
and co-workers have evaluated three suppressor systems 
in human blood that can inhibit T-cell proliferation2*: 
( 1 ) a prostaglandin-releasing adherent-cell system (as 
mentioned above); (2) suppressive non-PGE2-releasing 
adherent cells (acting via cell-to-cell contact); and (3) 
suppressor T-cells that are induced by mitogens. 

The prostaglandin synthetase inhibition would be ex- 

pected to exert its major effect via the adherent mono- 
cyte, as this would appear to be the major producer of 
PGE2 among the imm~nocytes.~’ Suppressor T-cells 
also may participate in the cell-mediated suppression of 
the head and neck cancer patients3’ but the extent of the 
suppression that is reversible by a prostaglandin synthe- 
tase inhibitor suggests that T-cell suppression was not a 
major factor, at least in this study. Prostaglandins are 
not thought to be a major participant in the activity of 
suppressor T-cells.28 The role of suppressor T-cell activ- 
ity in the lymphocyte hyporesponsiveness of head and 
neck cancer patients is not clear. One study has shown 
an impaired ability to generate suppressor T-cells by the 
concanavalin A method in head and neck cancer pa- 
tients, but the basal suppressor T-cell function was not 
completely assessed.’ It must be remembered, however, 
that although the prostaglandin-producing cells in 
human peripheral blood are thought to be glass-adher- 
ent r n o n o ~ y t e s , ~ ~ ~ ~ ~  because the techniques of monocyte 
separation all employ some method of removing adher- 
ent cells, it is not possible to rule out a prostaglandin- 
producing, glass-adherent T-celL3’ 

The prostaglandin-producing suppressor cell also 
exerts a more dominant role with aging and is consid- 
ered to be a major contributor to the depression of cel- 
lular immune function seen in patients older than 70 
 year^.^',^^ In the study by Rao and co-workers, there 
were no significant differences in the indomethacin ef- 
fects between subjects in the 23-year-old to 48-year-old 
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group and those in the 65-year-old to 74-year-old 
group.33 Goodwin and Webb observed that age became 
a factor only when the patient was older than 70 years.34 
Many patients with head and neck cancer are in the 
intermediate or older age groups; therefore, we may sus- 
pect that the aging process also is involved. There may 
be additional factors that affect immune regulation in 
this group, however. In the cancer patients with ad- 
vanced Stage IV disease who were older than 60 years, 
indomethacin was less effective in restoring depressed 
lymphocyte responses than observed in the younger pa- 
tients with the same stage of disease. Thus, here the 
immune regulatory imbalance induced by senescence 
(and presumably responsive to indomethacin) was no 
longer responsive to indomethacin inhibition of PGEz 
production, suggesting that the system has been further 
subverted by the disease state (k, host effects from the 
cancer or perhaps malnutrition). 

The mechanism for the apparent prostaglandin-me- 
diated immune suppression in head and neck cancer 
patients is not clear. Malignancy itself can be involved as 
a contributing agent. Plescia and co-workers have shown 
reversal of tumor-mediated immunosuppression in vitro 
with PG synthetase inhibition.35 The same investigators 
have described a PGE2-secreting, chemically induced 
tumor that can inhibit the antibody response to sheep 
red blood cells (SRCB) by mouse ~plenocytes.~~ Osheroff 
and Webb have shown in the mouse that upon stimula- 
tion by PGE2, glass-adherent lymphocytes can release a 
factor that activates adherent suppressor cells, which in 
turn can inhibit the lymphocyte response to PHA.37 
Other tumor products of various types also might be 
involved, such as released antigens and immune com- 
plexes, which could activate suppressor activity in cir- 
culating mononuclear cells. Not to be forgotten is the 
underlying history of smoking and chronic alcoholism 
(common in these patients), which could activate the 
suppressor cell systems. Alcohol is a known inducer of 
acute immune g up press ion.^^ Whether this suppression 
is mediated by prostaglandins is not known, however. 

The use of an inhibitor of prostaglandin synthesis has 
provided a useful probe to examine the mechanism of 
immune depression in patients with head and neck 
cancer. A corollary to these observations is the need to 
examine the in vivo effects of indomethacin as a poten- 
tial immune modulating agent in these patients. 
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