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The interferon-~ (IFN-20 productivity of peripheral blood 
mononuclear cells (PBMCs) was examined in 30 patients 
with uterine cervical cancer. The patients under 50 years 
of age had decreased IFN-~/production compared with 
the age-matched controls. The IFN-~/productivity in the 
patients over 50 years of age was decreased as well as in 
the age-matched controls. The proportion of monocytes 
in PBMCs did not correlate with the IFN-'y productivity. 
The prostaglandin E 2 (PGE2) productivity of PBMCs 
increased with the progress of cancer. PGE 2 inhibited the 
IFN-~/ production by PBMCs, and the sensitivity of 
PBMCs to PGEz was increased in the patients and 
controls over 60 years of age. The addition of indometh- 
acin resulted in an increase in IFN-~/ production by 
PBMCs. These results suggest that the increased produc- 
tion of PGE z and/or increased sensitivity to PGE 2 are 
responsible for the decreased IFN-~ production in pa- 
tients with cervical cancer. 

KEY WORDS: Peripheral blood mononuclear cells; interferon-~/ 
production; prostaglandin Ez; uterine cervical cancer. 

INTRODUCTION 

Interferon-~ (IFN--/), a polypeptide produced by 
lymphocytes upon stimulation with antigens or non- 
specific mitogens (I), plays a crucial role in the 
modulation of a variety of immune functions. These 
include immune functions that are of particular 
importance in the host defense against cancer, such 
as priming of macrophages for killing of tumor cells 
(2, 3), induction of specific cytotoxic T cells (4), and 
enhancement of natural killer-cell activity (5). Pa- 
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tients with uterine cervical cancer have been shown 
to exhibit decreased cell-mediated immune re- 
sponses (6, 7). In patients with depressed cellular 
immune reactivity, it is presumed that there may be 
some disturbances in the system of IFN-~, produc- 
tion by lymphocytes. 

The present study was undertaken to examine the 
capability of peripheral blood mononuclear cells 
(PBMCs) from patients with cervical cancer to 
produce IFN-~ upon stimulation with phytohemag- 
glutinin (PHA), an IFN-~ inducer (8). Prostaglandin 
E2 (PGEz) has been shown to inhibit cellular im- 
mune responses such as T-cell proliferation and 
lymphokine production (9, 10). In human PBMCs, a 
cell responsible for PGE2 production is a monocyte 
(11). Therefore, we also examined the proportion of 
monocytes in PBMCs, the endogenous production 
of PGE2 by PBMCs and the effect of PGE2 on 
IFN--¢ production by PBMCs. 
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METHODS 

Subjects  

The subjects consisted of 30 patients with squa- 
mous cell carcinoma of the uterine cervix (aged 
35-67 years; mean _ SD, 48.4 --- 9.2 years). None 
of the patients had received treatment at the time 
they were investigated. The clinical staging of the 
patients was based on the criteria of the Federation 
International of Gynecologists and Obstetricians. 
The patients were divided into two groups accord- 
ing to the clinical stages. The early disease (ED) 
group consisted of 6 patients with stage 0 and 13 
patients with stage I. The advanced disease (AD) 
group consisted of five patients with stage II, four 
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with stage III, and two with stage IV. The control 
group consisted of 41 healthy women with no his- 
tory of recent infection or illness (aged 30-70 years; 
mean + SD, 46.2 -+ 10.4 years). None of the 
controls had evidence of any pathologic condition 
found on physical, pelvic and histological examina- 
tions, and ultrasonography. Neither the patients 
with cervical cancer nor the controls were malnour- 
ished. 

Reagents 

Indomethacin (Sigma Chemical Co., St., Louis, 
MO) and PGEz (Ono Pharmaceutical Co., Ltd., 
Osaka, Japan) were dissolved in absolute ethanol 
(10 mg/ml) and diluted to a desired concentration 
with serum-free RPMI 1640 medium (Gibco, Grand 
Island, NY)jus t  before use. The final concentra- 
tions of ethanol in the cultures did not exceed 
0.05%, and this level of ethanol had no effect on 
IFN--¢ production by PBMCs. 

Separation of Cells 

PBMCs were separated by Ficoll-Hypaque den- 
sity-gradient centrifugation. PBMCs at the interface 
were washed three times with Hank's balanced salt 
solution and were suspended in RPMI 1640 medium 
containing 10% heat-inactivated fetal calf serum 
(Gibco) and 25 ~g/ml gentamycin (complete medi- 
um). The viability of the cells was evaluated by the 
trypan blue exclusion test. Nonspecific esterase- 
stained samples of PBMCs were prepared, and the 
proportion of nonspecific esterase-positive cells 
(monocytes) in PBMCs was counted. 

Cell Cultures 

After adjusting viable PBMCs to I x 10 6 cells/ml 
in complete medium with or without 5 ~g/ml PHA-P 
(Sigma), 500 Ixl of this suspension was poured into 
each well of a 24-well culture plate (No. 25820; 
Corning Glass Works, Corning, NY). The culture 
plates were incubated for 48 or 72 hr at 37°C in a 
humidified 5% CO2 incubator. All cultures were 
performed in triplicate. After incubation, the super- 
natant was collected, passed through a 0.45-p~m 
filter, and stored at -70°C until assay. 

Assay of INF-7 and PGE2 in Supernatants 

The IFN-~/ level was measured in the superna- 
tants from 72-hr culture with a solid phase radioim- 

munoassay (RIA) (CENTOCOR, Malvern, PA). 
The IFN-~/level was expressed in reference units 
(U) based on the National Institutes of Health 
standard. 

The concentration of PGEz was measured in the 
supernatants from 48-hr culture with a competitive 
binding RIA (New England Nuclear, Boston, MA). 
Extraction procedures were omitted, because a 
control with complete medium alone had no signif- 
icant antibody binding in RIA. 

Experiments of PGE2 and Indomethacin 
Treatments 

To examine the effect of exogenously added 
PGE z on IFN--/ production, the levels of IFN-3, 
produced by PHA-stimulated PBMCs in the pres- 
ence of P G E  2 (10-11-10 -6  ~ were determined. At 
the outset of cultures, indomethacin (1 p~g/ml) was 
added to block the endogenous PG production. The 
PGE2 dose-effect data were analyzed using the 
median effect equation (12), and the concentration 
of PGE 2 required to produce the median effect for 
IFN-~ production was calculated from a linear 
regression line. 

The percentage change in the level of IFN-~/ 
produced by the addition of indomethacin (1 ~g/ml) 
was calculated by the formula, (X/Y - 1) x 100, 
where X and Y are the IFN--/ levels with and 
without indomethacin, respectively. 

Statistical Analysis 

The statistical analyses were evaluated by Stu- 
dent's t test and by linear regression analysis. 

RESULTS 

IFN-y Production by PBMCs 

In five controls and six patients, the IFN-~/pro- 
ductions by PHA-stimulated PBMCs formed pla- 
teaus at 72 hr, whereas unstimulated PBMCs did 
not produce detectable levels of IFN-~/ (Fig. 1); 
accordingly, the supernatants after the 72-hr incu- 
bation in the presence of PHA were routinely 
assayed. In the controls, the level of IFN-~/ pro- 
duced by PHA-stimulated PBMCs showed a signif- 
icant negative correlation with the age of the sub- 
jects (r = -0.525, P < 0.01) (Fig. 2), and the mean 
IFN-~/levels in the subjects under 50 years of age 
were significantly higher than those in the subjects 
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Fig. 1. The time course of productions of IFN-7 (A) and PGE 2 (B) by PHA- 
stimulated ( . ) and unstimulated ( . . . .  ) PBMCs. Points represent the mean -+ SE 
in five controls (@) and six patients (©). 

over 50 years of  age (P < 0.01) (Table I). Therefore, 
the PHA-stimulated IFN-7 production was com- 
pared for the two age groups (under 50 and over 50 
years of age). In the subjects under 50 years of age, 
the mean IFN-7 levels in the ED and AD groups 
were significantly lower than that in the control 
group (P < 0.02 in the ED group, P < 0.01 in the AD 
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Fig. 2. Correlation between age and IFN-7 production by PHA- 
stimulated PBMCs in the controls, r,  correlation coefficient. 

group), and the mean IFN-7 level in the AD group 
was significantly lower than that in the ED group (P 
< 0.05) (Table I). In the subjects over 50 years of 
age, there was no difference in the mean IFN-7 
level between the controls and the patients; the 
mean IFN-7 level in the ED group was somewhat 
higher, whereas that in the AD group tended to be 
lower than that in the controls (Table I). 

PGE2 Production by PBMCs 

In five controls and six patients, the PGE 2 pro- 
ductions by PBMCs in the absence and presence of 
PHA reached peaks at 48 hr (Fig. 1); accordingly, 
the supernatants after 48-hr incubation were rou- 
tinely assayed. In the controls, unlike the PHA- 
stimulated IFN-7 production, there was no correla- 
tion between the age of  the subjects and the levels 
of PGE 2 produced by PBMCs in the absence of 
PHA (r = -0 .095,  P > 0.5) or in the presence of 
PHA (r = -0.070,  P > 0.5). There was no differ- 
ence in the mean level of PGE 2 produced by un- 
stimulated PBMCs between the control group, the 
ED group, and the AD group (Table II). The mean 

Table I. IFN-7 Production by PHA-Stimulated PBMCs in the Cervical Cancer and Control Groups " 

Number IFN-7 production 
Group of cases Age (U/ml) 

Under 50 years of age 
Control 31 41.3 -+ 5.6 207.3 -+ 99.5* 
ED 15 41.9 +- 4.5 139.7 -+ 51.4'* 
AD 3 40.7 -+ 5,5 62,8 +- 20.6*** 

Over 50 years of age 
Control 10 61.3 --- 6,3 102.9 -+ 44.7 ~ 
ED 4 58.0 -+ 3.4 121.8 +-- 13,3 ~ 
AD 8 58.5 - 3.2 68,5 -+ 35,5 ~~ 

aMean -+ SD. 
* vs ~ P < 0.01; * vs **. P < 0.02; * vs ***, P < 0.0t; ** vs ***, P < 0.05; ~ vs '~§, P > 0.1; "~ vs '~'~, P > 0.05; ~'~ vs -~-~§, P < 0.02. 
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Table II. Proportion of  Monocytes  in PBMCs and PGEz Production by PBMCs in the Cervical Cancer  and Control Groups 

Number  Proportion of  
Group of  cases monocytes  (%) Unstimulated PBMCs 

PGE2 (nM) produced by 

PHA-stimulated PBMCs 

Control 41 12.1 -+ 5.3 *'*'b 2.30 + 1.05 ~'~ 
ED 19 11.3 --- 5.6** 2.64 - t.33 §§ 
AD 11 8.6 -+ 3.3*** 2.75 + 1.56 §'~ 

17.41 +-- 4.49 #'a 
19.08 -+ 5.37 ° #  
28.83 + 6.59 ### 

~Mean + SD. 
b, vs **, P > 0.5; * vs ***, P > 0.05; ** vs ***, P > 0.1; 
###, P < 0.01; ## vs ###, P < 0.01. 

vs §§, P > 0.2, ~ vs ~ ,  P > 0.1; ~ vs §~, P > 0.2; # vs ##, P > 0.2; # vs 

level of PGE2 produced by PHA-stimulated PBMCs 
in the AD group was significantly higher than in the 
control group (P < 0.01) and that in the ED group (P 
< 0.01) (Table II). However, there was no differ- 
ence in the mean level of PGE2 produced by PHA- 
stimulated PBMCs between the control group and 
the ED group (P > 0.2) (Table II). In the patients, 
the level of IFN-~/ produced by PHA-stimulated 
PBMCs showed a significant negative correlation 
with the level of PGE 2 produced by PHA-stimulated 
correlation with the level of PGE 2 produced by 
PHA-stimulated PBMCs (r = -0.515, P < 0.01) 
(Fig. 3). However, there was no such correlation in 
the controls (r = 0.063, P > 0.5). 

Proportion of Monocytes in PBMCs 

In the controls, there was no correlation between 
the proportion of monocytes in PBMCs and the age 
of the subjects (r = 0.075, P > 0.5). There was no 
difference in the mean proportion of monocytes in 
PBMCs between the control group, the ED group, 
and the AD group (Table II). The proportions of 
monocytes in PBMCs from the controls and the 
patients showed no correlation with the levels of 

L • 
200 ~ • • • 

~ " r=--0.515(n=30), P<O01 
• ~ • • • y=193,B--I[L40x 

~0o "" ''~" ;~ 

• m •o • • ~  

IFN-q/produced by PHA-stimulated PBMCs (r = 
-0.108, P > 0.5, in the controls; r = 0.153. P > 0.2, 
in the patients) or with the levels of PGE 2 produced 
by PHA-stimulated PBMCs (r = 0.217, P > 0.1, in 
the controls; (r = 0.247, P > 0.1, in the patients). 

Effect of Exogenous PGE 2 on IFN-y Production 
by PBMCs 

Exogenous PGE2 suppressed IFN-~/production 
by PHA-stimulated PBMCs from both the controls 
and the patients in a dose-dependent manner (Fig. 
4). The sensitivity of PBMCs to the suppressive 
effect of PGE 2 on IFN-~/ production tended to 
increase with age in the controls and the patients 
(Table III). The sensitivity to PGE 2 of the patients 
was similar to that of the controls, when compared 
in similar age groups, and was not influenced by 
their stage of the disease (Table II/). Among the 
patients (cases 13-23) who showed decreased IFN- 
-y production by PHA-stimulated PBMCs (lower 
than the mean - 1  SD U/ml of the controls: <107.8 
U/ml under 50 years of age, <58.2 U/ml over 50 
years of age), seven (cases 13-17, 19, and 20) of the 
eight patients under 60 years of age showed in- 
creased PGE 2 productions by PHA-stimulated PB- 
MCs (higher than the mean + 1 SD nM of the 
controls: >21.90 nM), whereas all three patients 
over 60 years of age (cases 21-23), as well as the 
controls over 60 years of age, showed increased 
sensitivities to PGE z (EDso <10 - l°  M) (Table III). 
PBMCs from one patient (case 18) with decreased 
IFN-~/-producing capability had neither increased 
production of PGE z nor increased sensitivity to 
PGE z (Table III). 

o 1'o 2`0 4'0 
PGE2 (riM) 

Fig. 3. Correlation between PGE2 production and IFN-~/produc- 
tion by PHA-stimulated PBMCs in the patients, r, correlation 
coefficient. 

Effect of  lndomethacin on IFN-y Production by 
PBMCs 

The effect of indomethacin on PGE z production 
by PHA-stimulated PBMCs was examined in two 
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Fig. 4. Effect of PGE z on IFN-,/ production by PHA-stimulated PBMCs from the controls (A) and 
patients (B). The numbers of controls (1-12) and patients (13-23) are matched to those shown in Table 
III. 

controls and three patients. Indomethacin (1 ~g/ml) 
blocked virtually all the PGE 2 productions com- 
pared to the control cell cultures without indometh- 
acin (<0.30 nM for indomethacin-treated cultures 
vs 20.45 + 3.12 nM for control cultures). In both the 
controls and the patients, the IFN-y production was 
increased by the addition of indomethacin (Table 
III). However, the mean percentage increase in 
IFN-~ production by the addition of indomethacin 
was significantly higher in the controls over 60 
years of age (cases 8-12) and the patients with 
decreased IFN-,/production (cases 13-23) than in 
the controls under 60 years of age (cases 1-7) (cases 
8-12 vs cases 1-7, P < 0.05; cases 13-23 vs cases 
I-7, P < 0.01). 

DISCUSSION 

The present study showed that the IFN-y produc- 
tion by PHA-stimulated PBMCs from the controls 
decreased as a function of age. The patients under 
50 years of age had a significantly decreased capa- 
bility of PBMCs to produce IFN-y compared with 
the age-matched controls. The IFN--#producing 
capability was impaired with the progress of cancer. 
In the subjects over 50 years of age, the IFN- 
~/-producing capability in the patients with early 
disease (stages 0 and I) was somewhat increased, 
whereas that in the patients with advanced disease 
(stages II, III, and IV) tended to be decreased. 

It is known that IFN-y producers are T cells (13, 
14) and NK cells (15) and that the production of 
IFN-y is regulated by a complex interaction be- 
tween monocytes/macrophages and T cells (16, 17). 
Monocytes or macrophages can release at least two 
immunoregulators, interleukin 1 (IL-1) and PGE 2. 
IL-1 stimulates helper T cells to produce interleukin 
2 (IL-2), and IL-2 stimulates T-cell growth and 
promotes IFN-y production (I). On the other hand, 
PGEz suppresses IFN--y production through inhibi- 
tion of IL-2 production by helper T cells (18). We 
confirmed that PGE 2 at the concentrations detected 
in the PHA-stimulated 48-hr cultures (about 10 -8 
M) suppressed clearly IFN-y production by PHA- 
stimulated PBMCs. Although the proportion of 
monocytes in PBMCs was not associated with ag- 
ing, the presence of absence of cancer, and the level 
of IFN-y produced by PHA-stimulated PBMCs, the 
PGE 2 production by PHA-stimulated PBMCs was 
significantly increased with the patients with ad- 
vanced disease compared to the patients with early 
disease and the controls. This suggests that the 
increased PGE2 production by monocytes is re- 
sponsible for the decreased IFN-y production in the 
patients with advanced disease. The increased 
P G E  2 production might be the result of either 
increased synthesis at a cellular level or an in- 
creased population of PGEz-producing monocytes. 
Since it has been reported that IL-1 and PGE 2 are 
produced by separate subsets of monocytes (19, 
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Table III. IFN-3t and PGE 2 Production by PHA-Stimulated PBMCs and Effects of PGE 2 and Indomethacin on IFN-~/Production by 
PHA-Stimulated PBMCs a 

Case No. Age (years) 

IFN-~/ PGE2 Effect of Effect of 
production production PGEz indomethacin 

(U/ml) (nM) (logEDso) b (% increase) ~ 

Control 
1 30 210 23.74 -8 .36  18.2 
2 37 245 19.06 -7 .78 31.3 
3 37 181 19.28 -7 .89  5.9 
4 43 131 11.76 -8 .04  12.3 
5 47 200 18.91 -7 .96  21.4 
6 49 135 21.92 -8.51 11.0 
7 55 149 10.56 -8 .62 26.4 

Mean 18.1 §'d 
8 61 121 16.22 -9 .48 48.2 
9 64 100 18.74 -9 .97 29.0 

10 68 84.2 17.10 -9 .98 42.3 
t 1 69 92.1 19.45 - 10.02 69.6 
12 70 58.3 12.84 -10.05 51.9 

Mean 48.2 ~ 
Cervical cancer 

13 35 (IV a) ~ 43.2 36.98 r -8 .30  43.2 
14 37 (I b) 47.3 29.00 r -8.68 61.8 
15 39 (I b) 94.2 24.79 t -8.23 52.3 
16 41 (III b) 84.2 32.46 r -7.48 27.8 
17 46 (II a) 61.0 39.76 r -8.42 32.5 
18 49 (I b) 104 16.33 -8.18 21.7 
19 56 (II b) 53.6 34.70 r -8.77 34.9 
20 58 (IV a) 41.5 26.87 f -8 .24 59.3 
21 61 (III b) 46.1 18.77 -10.49 70.3 
22 65 (I b) 27.0 21.39 -11.15 48.4 
23 67 (I b) 47.2 21.67 - 10.46 52.1 

Mean 45.8 ~§~ 

~The case numbers correspond with those shown in Fig. 4. 
bThe dose.--effect data shown in Fig. 4 were fitted by linear regression analysis using the median effect equation. EDso was calculated from 
the linear regression line. 
°The percentage increase in the level of IFN-~/produced by the addition of indomethacin (1 p.g/ml). 
d§ VS ~,  P < 0.05; § vs §§8 p < 0.01. 
eCtinical stage of disease. 
fHigher than the mean + 1 SD nM (21.90 nM) of the controls. 

20), the patients with advanced disease might have 
a relative increase in PGEz-producing monocytes. 
On the other hand, the increased sensitivity of 
PBMCs to the suppressive effect of PGE 2 seems to 
be associated with the decrease in IFN-~ produc- 
tion in both the controls over 60 years of age and the 
patients over 60 years of age, regardless of their 
stage of the disease. The amount of PGE 2 required 
to cause 50% inhibition of the IFN-'y production in 
healthy subjects over 60 years of age was approxi- 
mately i0-9--10 -1° M. This is obviously lower than 
the amount required for 50% inhibition in healthy 
subjects under 60 years of age (10-710 -8 M). 
Walford has theorized that the gradual loss of 
cellular immunity is the fundamental mechanism of 
aging (21). This increased sensitivity to PGE 2 ap- 
pears to contribute to some of the disturbances in 
cellular immune function found in aging humans. 

The IFN--/production was increased by the ad- 
dition of indomethacin, a prostaglandin synthetase 
inhibitor, in both the controls and the patients. This 
suggests that PGE 2 inhibits the IFN-~/ production 
by PBMCs regardless of the presence or absence of 
cancer. Furthermore, the increasing rate of IFN-~ 
production by the addition of indomethacin was 
significantly higher in the controls over the age of 60 
and the patients with decreased IFN-2t production 
than in the controls under 60 years of age. This 
finding supports the concept that P G E  2 plays a 
major role in the decrease of IFN--y production by 
PBMCs. However,  the early disease patients under 
50 years of age, whose PBMCs did not show the 
increased production of PGE 2, had decreased IFN- 

production by PBMCs; one patient (case 18, 
Table III) with decreased IFN-~t production had 
neither increased production of PGE 2 nor enhanced 
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sensitivity to PGE 2. Furthermore, the early disease 
patients over 50 years of age had more or less 
increased IFN-~ production. These findings suggest 
that other regulatory mechanisms are likely to be 
involved in the system of IFN-~/ production by 
lymphocytes. Therefore, it is necessary to examine 
the number of IFN-~-producing cells, their intrinsic 
capability to produce IFN-% and the activities of 
helper and suppressor T cells in IFN-~/production. 

The interferon system has been implicated in the 
host's defense against viral and bacterial infections 
as well as in the defense against tumors (22). 
Therefore, it may be useful for patients with cervi- 
cal cancer to restore the IFN-~-producing capabil- 
ity of lymphocytes for enhancing the resistance to 
infections and activating the antitumor immunity. 
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