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ABSTRACT

To assess the clinical value of determination of the interferon ( IFN »-producing capacity of patients, IFN pro¬
duction induced by Sendai virus (HVJ) in vitro was measured in cell cultures of whole blood from patients
with various diseases. IFN production in patients with lung cancer, myelodysplastic syndromes, noninsulin-
dependent diabetes mellitus, pulmonary tuberculosis, and asymptomatic HIV-1 infection was lower than that
in healthy persons. Furthermore, periodic measurements of IFN production revealed decreasing IFN-pro¬
ducing capacities in patients with lung cancer with progression of the tumor stage. However, increased IFN-
producing capacities were observed in patients with tuberculosis after standard therapy. Further experiments
showed that the main type of IFN induced in whole blood cultures was IFN- , and decreased IFN produc¬
tion in patients did not result from a decreased number of leukocytes but rather from an impairment of cel¬
lular IFN production. The evaluation of IFN production in whole blood cell cultures may be a feasible method
of assessing the impaired immune status.

INTRODUCTION and correlated well with the severity of the disease/9"11'
Isolated peripheral blood lymphocytes, collected via Ficoll-

DETERMiNATiON of the immune status of the host has been Hypaque centrifugation, have been used to evaluate IFN-pro-
useful in evaluating the clinical status of patients. For as- ducing capacity. Lee et al. showed that IFN-a-producing ca-

sessment of lymphocyte function, PHA-stimulated or ConA- pacity was reduced in patients with chronic lymphocytic
stimulated proliferative responses have been measured. Some leukemia/12·13' Several investigators have reported impaired
reports have revealed that these responses are decreased in pa- IFN- production in cells from patients with viral infections,
tients with cancer and immunodeficiency syndromes/1·2' such as HIV-1 and hepatitis  virus/14-18'
Natural killer (NK) cells are also thought to play an important To measure IFN-producing capacity in larger groups of pa¬
role in resistance to cancer, and NK cell activity has been found tients and healthy individuals, several laboratories, including
to be decreased in patients with cancer or severe stress/3·4' ours, have developed a whole blood technique/19-22' This assay

It is well known that interferon- (IFN- ) plays an impor- may reflect the in vivo immune status better than methods using
tant role in the initial defense mechanism against viral and mi- isolated lymphocytes. This method permits the evaluation of hu-
crobial disease and cancer/5-7' Zawatzky et al. demonstrated man IFN-producing capacity without an in vivo challenge and
that high interferon production and antiviral resistance were facilitates the study of patients with various diseases over time,
positively correlated/8' De Maeyer and De Maeyer-Guignaud In this study, the whole blood method was used to compare
demonstrated that circulating IFN-o//3 production, induced in IFN production in patients wkh various diseases and with that
mice by the i.v. injection of a virus, was under genetic control in healthy controls, and IFN production in whole blood cultures
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912 UNO ET AL.

was compared with that in isolated peripheral blood mononu¬

clear cells (PBMC). Furthermore, periodic measurements of
IFN-producing capacity in patients with lung cancer and pul¬
monary tuberculosis were determined to evaluate their immune
status. These results suggest the clinical utility of the measure¬

ment of IFN-producing capacity by the whole blood method.

MATERIALS AND METHODS

Subjects
The subjects studied included 310 healthy persons and 201 hos¬

pitalized patients. Healthy subjects were selected from persons re¬

ceiving medical examinations at the polyclinic of Louis Pasteur
Center for Medical Research who had no acute infection and no

history of chronic infectious or autoimmune disease and no ab¬
normal values in the following blood tests: red blood cells (RBC),
hemoglobin, hematocrit, white blood cells (WBC), platelet count,
total protein, albumin, ZTT, LDH, GOT, GPT, -y-GPT, ALP, to¬
tal bilirubin, triglycérides, total cholesterol, creatinine, urea nitro¬
gen, uric acid, amylase, fasting plasma glucose (FPG), and
HbAlc. We selected age-matched healthy persons for compari¬
son with patients with lung cancer, myelodysplastic syndrome
(MDS), diabetes mellitus, and tuberculosis. Controls were over

40 years of age, and there were 70 men (mean age 53.8 ± 8.7)
and 100 women (mean age 53.5 ± 7.8). We selected healthy men

20-29 years of age as controls for the HIV-1 carriers.
The first group consisted of 35 patients (27 men, 8 women)

with lung cancer (adenocarcinoma, « = 21; squamous cell car¬

cinoma,  = 8; small cell carcinoma,  = 6). Their mean age
was 66.4 ± 9.1 years. Patients were treated with operation (n =

20), radiotherapy (n = 5), chemotherapy (n = 31), im-
munotherapy (n = 21), or combination therapy. Patients had not
received radiotherapy or chemotherapy for at least 3 months
prior to the measurement of IFN-producing capacity.

The second group consisted of 7 patients with MDS.
Diagnosis of MDS was made on the basis of the French-
American-British classification/23' The mean age of these pa¬
tients was 65.5 ± 12.9 years.

The third group consisted of 115 patients (51 men, 64 women)
with noninsulin-dependent diabetes mellitus (NIDDM). The
mean age of the men was 65.0 ± 10.0 years and of the women

was 65.0 ± 12.0. The mean FPG concentration and HbAlc per¬
centage were 160 ± 54 mg/dl and 7.9 ± 1.5%, respectively.

The fourth group consisted of 29 patients (23 men, 6 women)
with tuberculosis. The mean age of the patients was 59.8 ± 16.2
years.

The fifth group consisted of 15 male patients who were

asymptomatic HIV-1 carriers, 14 of them hemophiliacs.
Fourteen had more than 200 CD4+  cells/µ . The mean age
was 23.2 ± 7.5 years.

Measurement of IFN production in human
whole blood

In vitro IFN Induction from Whole Blood Cultures. Healthy
individuals previously had shown maximum IFN production at
500 or 1000 hemagglutinin (HA) U/ml. We chose 500 HA U/ml
Sendai virus (HVJ) stimulation for this study. Two milliliters of
heparinized blood was cultured with 500 HA U/ml HVJ within

5 h after the blood was drawn. The blood-virus mixture was in¬
cubated at 37°C for 20 h. Supernatants were harvested by cen¬

trifugation at 3000 rpm for 10 min and stored at -80°C until
titration.

IFN Inductionfrom Isolated Lymphocytes. Whole blood sam¬

ples were used to isolate PBMC by Ficoll-Hypaque density gra¬
dient centrifugation, and IFN production from whole blood and
from isolated lymphocytes were compared. A cell concentration
of lOfyml was prepared in RPMI 1640 medium containing 10%
fetal calf serum (FCS) and cultured with 5 HA/ml HVJ (subop¬
timal dose for PBMC) for 20 h in a humidified incubator at 37°C
with 5% C02. Supernatants were stored at -80°C.

Bioasssay ofIFNfrom Human Samples. IFN activity in the su¬

pernatants was assayed by suppression of viral cytopathic effects
in FL cells (derived from human amnion)/24' Duplicate samples
of standard reference IFN were serially diluted by Eagles' MEM
supplemented with 5% FCS in the wells of flat-bottomed 96-well
microtiter plates (Falcon 3072) and irradiated with UV light (1000
J/m2) for HVJ inactivation. After UV treatment, HVJ in the blood
samples could not affect the assay. FL cells (5 X lO'Vwell) were

added following incubation at 37°C for 18 h. Sindbis virus (105
PFU/50 µ /well) suspended in Eagles' MEM supplemented with
1% FCS was added to the FL cells after removal of the super¬
natant. Sindbis virus and FL cells were cultured for another 30 h.
Neutral red dye (0.5%) was added 1 h before harvesting, and the
amount of dye incorporated into the cells was measured in a spec-
trophotometer (Titertek Multiskan MCC/340) at 540 nm follow¬
ing extraction of dye with 0.1 M sodium phosphate and 50%
ethanol solution. The results were standardized to reference IFN-
 MRC 69/19B. For the characterization of IFN type, some sam¬

ples were neutralized by antihuman IFN- horse IgG (Nippon
Chemical Co. Ltd., Hyougo) as described previously/20·25'

Immunoassay of IFN-a. Some samples were examined with
a time-resolved immunoassay using antihuman IFN- horse
IgG/25·26' A volume of 200 µ\ of a diluted sample was added
to each well of the microtiter strip (NUNC-immuno-module, 4-
73709, Roskilde, Denmark), which had been coated previously
with antihuman IFN- horse IgG. Following 6 h of incubation,
the wells were washed with buffer (5 mM Tris-HCl, pH 7.4,
0.05% NaN3, 20 µ DTPA, 0.1% Tween 40). A total of 50
ng of antihuman IFN- horse IgG labeled with europium (EU)
(labeling kit, Pharmacia, Fine Chemicals, Uppsala, Sweden)
was added. After standing for 1 h at room temperature, the wells
were rinsed with washing buffer, and then 200 µ.1 of enhanc¬
ing solution was added to each well. The IFN- concentration
was calculated by measuring the fluorescent intensity with an

LKB 1230 Arcus Ffuorometer (Pharmacia).

Statistical analysis
Results are presented as the arithmetic mean ± SD. The data

were analyzed with Student's f-test and analysis of variance
(ANOVA).

RESULTS

Measurement of IFN-producing capacity in various
subjects in whole blood cultures

IFN Production in Healthy Controls. The mean value of IFN
production in the 70 healthy men (>40 years of age) was
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CLINICAL APPLICATION OF IFN-PRODUCING CAPACITY

Table 1. Age Distribution of IFN Production of Healthy Individuals

Age (years)

Men Women

IFN IU/ml IFN IU/103 WBC IFN IU/ml IFN IU/103 WBC

60+
50-59
40-49
30-39
20-29

40

22
25
23
35
30

70

8030 ± 4412b
8742 ±3815

10797 ± 5299
8544 ± 4057
9112 ± 3574

9216 ± 4637

1.52
1.43
1.70
1.61
1.60

0.80
0.80
0.79
0.79
0.57

1.60 ± 0.61

24
36
40
51
24

100

7388 ± 3670
6764 ± 3062*
7525 ± 3877**
7339 ± 3450
7676 ± 4223

7218 ± 3533**

1.54
1.42
1.48
1.36
1.46

0.91
0.50
0.75
0.65
1.00

1.49 ± 0.56

aThe table shows number of healthy controls (n), values of IFN production in whole blood cultures (IFN IU/ml), and IFN titer
per 103 white blood cells (IFN IU/103 WBC).

bValues are expressed as mean ± SD.
*p < 0.05, **p < 0.01 represent difference between age-matched male and female controls.

9216 ± 4637 IU/ml and in the 100 healthy women (>40 years)
7218 ± 3533 IU/ml (Tables 1 and 2). Although the IFN titer
per 1000 leukocytes (WBC) did not differ significantly between
men and women, there was a significant difference in IFN pro¬
duction between men and women (p < 0.01, Table 2). Table 1
shows the IFN- production at different ages. Our previous re¬

ports noted that IFN- production in healthy controls declined
gradually with age, but in this study, the results of ANOVA
testing showed no effect of aging between 20 years and 75
years. The mean value of IFN production in men 20-29 years
of age was 9112 ± 3574 IU/ml.

Lung Cancer. The mean IFN-producing capacity in 35 pa¬
tients with primary lung cancer was 4531 ± 3876 IU/ml (Table
2, Fig. 1A). A significant difference was observed in IFN pro¬
duction in whole blood culture and per 1000 leukocytes be¬
tween the control subjects and lung cancer patients (p < 0.01).
IFN-producing capacity was higher in patients with complete
remission (CR) (6702 ± 3675 IU/ml,  = 12) than in those with
partial remission (PR), no change, or progressive disease
(3249 ± 3389 IU/ml,  = 23). The mean value of IFN-pro¬

ducing capacity was decreased as clinical stages (CS) pro¬
gressed, but they were not statistically significant at each stage
(CSI: 5214 ± 3237, CSII: 4274 ± 2142, CSIII: 4312 ± 5282,
CSIV: 3184 ± 2392 IU/ml). When patients were classified by
performance status (PS), the mean value of IFN-producing ca¬

pacity was significantly decreased as performance status pro¬
gressed (PSO: 6886 ± 3880, PS1 plus PS2: 3890 ±3361, PS3
plus PS4: 1533 ± 1666 IU/ml, PSO vs. PS1 plus PS2:  < 0.05,
PSO vs. PS3 + 4:  < 0.01).

Myelodysplastic Syndrome (MDS). Mean IFN production
was 913 ± 560 IU/ml in patients with MDS (Table 2, Fig. 1 A).
This value was much lower than that in normal subjects (p <

0.01).
Noninsulin-Dependent Diabetes Mellitus. Mean IFN pro¬

duction in male patients with NIDDM was 6740 ± 4901 IU/ml
and in female patients 4885 ± 3834 IU/ml (Table 2, Fig. 1A).
There was a significant difference (p < 0.05) between the con¬

trol subjects and diabetic patients in total IFN production. There
was also a significant difference (p < 0.01) between the con¬

trol subjects and female diabetic patients in IFN titer per leuko-

Table 2. IFN Production and WBC Counts in Healthy Controls and Patients with Various Diseases

Patients Sex n" IFN IU/ml WBC (Xl&ypl IFN IU/103 WBC

Healthy control (age >40) M 70 9216 ± 4637" 62.2 ±11.7 1.60 ± 0.61
Healthy control (age >40) F 100 7218 ± 3533** 54.2 ±11.7 1.49 ± 0.56
Lung cancer M and F 35 4531 ±.3876++ 52.0 ± 18.8 0.88 ± 0.80"
MDS M and F 7 913 ± 560++ 34.5 ± 16.3 0.35 ± 0.28++
Diabetes mellitus M 51 6740 ± 4901* 68.3 ± 13.6 0.97
Diabetes mellitus F 64 4885 ± 3834+ 64.6 ± 13.9 0.77
Pulmonary tuberculosis M and F 29 3090 ± 2765++ 67.8 ± 25.6 0.57
Healthy control (age 20-29) M 30 9112 ± 3574 58.8 ± 14.6 1.60
HIV-1 carrier M 15 3603 ± 2582** 41.1 ± 12.0 0.77

0.48**
0.30t+
0.34++
0.57
0.55**

aThe table shows number of subjects (ri), values of IFN production in whole blood cultures (IFN IU/ml), number of white
blood cells (WBC  102/µ1), and IFN titer per 103 WBC (IFN IU/103 WBC).

bValues are expressed as mean ± SD.
*p < 0.05, **p < 0.01 represent differences between IFN titer of male controls and individual patients.
+/> < 0.05, ftp < 0.01 represent differences between IFN titer of female and/or male controls and individual patients.
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FIG. 1. (A) Comparison of IFN-producing capacity of
healthy controls and patients with lung cancer, myelodysplas¬
tic syndromes (MDS), noninsulin-dependent diabetes mellitus
(DM), and tuberculosis (TB). Horizontal axis represents the
concentration of interferon (IU/ml) in log scale and linear scale.
(B) Comparison of IFN-producing capacity of healthy controls
and patients with HIV-1 infection. Horizontal axis represents
the concentration of interferon (IU/ml) in log scale and linear
scale.

cyte. IFN production in diabetic patients showed no correlation
with FPG (r = 0.017) or HbAlc levels (r = 0.046).

Pulmonary Tuberculosis. Mean IFN production in tubercu¬
losis patients was 3090 ± 2765 IU/ml (Table 2, Fig. 1 A). There
was a significant difference between control subjects and tu¬
berculosis patients in both total IFN production and IFN titer
per leukocyte (p < 0.01).

HIV-1 Carriers. Mean IFN production in HIV-1 carriers was

3603 ± 2582 IU/ml. Although patients were symptom free,
there was a significant difference in IFN production between
age-matched healthy male subjects and HIV-1 carriers in both
total IFN production and IFN titer per leukocyte (Table 2, Fig.
IB). The IFN-producing capacity in patients with fewer than
400 CD4+ lymphocytes/µ (1639 ± 529 IU/ml,  = 8) was

lower than that in patients with more than 400 CD4+ lym-
phocytes/µ (5559 ± 2065 IU/ml,  = 1).

Measurement of IFN-producing capacity in whole
blood cultures during course of disease

Lung Cancer Patients. IFN production in 4 lung cancer pa¬
tients (adenocarcinoma,  = 3; small cell carcinoma,  = 1)
was measured periodically for 3 or more years. Although these
patients did not receive any radiotherapy or chemotherapy for
at least 3 months before each measurement of IFN-producing
capacity, its value decreased gradually as the cancer progressed
(Fig. 2).

Pulmonary Tuberculosis Patients. The IFN-producing ca¬

pacity of 6 pulmonary tuberculosis patients was measured be¬
fore hospitalization and at the end of 151 days of treatment. As
shown in Figure 3, the IFN-producing capacities of individual
patients before hospitalization were low (3507 ±1191 IU/ml,
0.70 ± 0.49 IU/1000 leukocytes), but after routine pulmonary
tuberculosis therapy, they were similar to those of healthy con¬

trols (7382 ± 2011 IU/ml, 1.64 ± 0.76 IU/1000 leukocytes).
This change in the IFN-producing capacity of tuberculosis pa¬
tients is significant (p < 0.01).

Determination of correlation between IFN production
by whole blood cells and by isolated PBMC

IFN production by whole blood cells and isolated lympho¬
cytes was compared in some subjects. There was a correla¬
tion between IFN production in whole blood and in isolated
PBMC (p < 0.01) (Fig. 4). The correlation coefficient (r) was

0.444.

Determination of type of IFN in whole blood cultures

Bioassay of IFN using FL cells and Sindbis virus detects var¬

ious subtypes of IFN, IFN- , IFN-/3, and IFN- . To determine
the type of IFN detected by the whole blood method, some sam¬

ples were neutralized by anti-human IFN- polyclonal anti¬
bodies, and others were measured by a bioassay and an im¬
munoassay for IFN- . IFN activity was decreased by 90% or

more by antibody treatment (data not shown), as in our previ¬
ous study/20' The results of bioassay and immunoassay were

nearly equal (Fig. 5). The correlation coefficient (r) was 0.771,
and the regression coefficient was Y = 0.976X. The main sub¬
type of IFN produced from whole blood-HVJ mixtures was thus
identified as IFN-a.
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CLINICAL APPLICATION OF IFN-PRODUCING CAPACITY
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FIG. 2. Periodic evaluation of IFN production of four lung cancer patients. Roman numerals represent clinical stages and per¬
formance status, and numbers represent IFN titer per 1000 leukocytes.

DISCUSSION

Using whole blood cultures, we have shown that the IFN-
producing capacity in blood is impaired in patients with lung
cancer, MDS, diabetes mellitus, tuberculosis, and asymptomatic
HIV-1 infection. Periodic measurement of IFN production may
be useful in the evaluation of the immune status of patients.

We measured IFN-producing capacities in whole blood cul¬
tures instead of using PBMC isolated by the commonly used
Ficoll-Hypaque gradient centrifugation, for the following rea¬
sons. (1) We thought the whole blood method would reflect the
in vivo situation more accurately than the lymphocyte-isolation
method because cell populations, including polymorphonuclear
granulocytes, are present in their natural distribution. (2) This
method makes it possible to evaluate IFN production on a very
large scale because only small amounts of blood (2 ml) are

needed, and the simplicity of the procedure requires little ef¬
fort. (3) Artifacts and technical errors are reduced, as the pro¬
cedure is simpler than the isolation of lymphocytes. This view
is supported by the results with isolated lymphocytes shown in
Figure 4. The low level of IFN production in these patients de¬
termined at the same time was due not only to a decrease in the
number of leukocytes but also to impaired IFN production per
cell.

We found a significant difference in IFN production between
healthy men and women that we had not detected in our pre¬
vious study. However, the IFN production per 1000 leukocytes
was equal in men and women. Therefore, the gender difference
in IFN production in whole blood cultures may be caused by
the differences in leukocyte numbers between men and women

in this study. Although Katschinski et al/27' and our previous
report<19) showed a gradual decline with age, we observed no

significant age effect in this study. As the total number of our

healthy controls was lower than theirs, data are not sufficient

for a final conclusion. Although in our previous studies we se¬

lected healthy persons by self-assessment, we would like to
stress that in this study we selected healthy controls from the
results of blood tests of more than 1000 individuals who re¬

ceived medical examinations at the Polyclinic of Louis Pasteur
Center for Medical Research. The percentage of rate of healthy
controls was higher in the younger age groups than in the older
age groups.

IFN production in patients with lung cancer was significantly

12000·

10000-

8000-

2.25

Prior to After 151 days
hospitalization of treatment

FIG. 3. IFN production in patients with pulmonary tubercu¬
losis before hospitalization and following treatment. Numbers
represent IFN titer per 1000 leukocytes.
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FIG. 4. Correlation between IFN production from whole blood and from isolated PBMC cultures. IFN values of whole blood
samples and isolated PBMC from healthy controls (HC) and patients with MDS, tuberculosis (TB), and other diseases are shown.

decreased. Reports of peripheral lymphocytes stimulated with
HVJ have noted that IFN production in patients with leukemia
is lower than that in healthy controls/12·13' We have reported
that impaired IFN production by patients with bladder cancer

correlates well with the tumor stage/20' Therefore, it is likely
that IFN-producing capacity in cancer patients decreases as the
tumor progresses irrespective of the type of tumor cell (Fig. 2).
IFN-producing capacity in lung cancer patients correlated bet¬
ter with patients' performance status than with clinical stages.
Patients with CR showed relatively high IFN-producing ca¬

pacity. These results suggest that IFN-producing capacity might
be helpful as one of the parameters to determine prognosis.

IFN production in all MDS patients was much lower than in
those with other diseases, as was noted in our previous re¬

port/28' MDS is a preleukemic condition, and some patients de¬
velop leukemia within a few years of diagnosis/29' It is known
that a high frequency of infectious episodes is a risk factor for
death in patients with MDS/30' This may be attributed not only
to the reduction of peripheral leukocytes but also to the im¬
pairment of IFN production per cell, as our results show.
Willman et al. have demonstrated a defect in the gene encod¬
ing interferon regulatory factor-1 (IRF-1) in patients with
MDS/31' IRF-1 functions as a transcriptional activator of IFN-
a, IFN-/3, and other IFN-inducible genes. This may be one

cause of the impairment of IFN production in patients with
MDS.

Patients with diabetes also have an impaired IFN-producing
capacity. We did not find any correlation between IFN pro-

100000-j

10000-

E
3 1000;

100
 = .97 
r=0.771
P<0.01

10 100 1000 10000 100000
Bioassay (IU/ml)

FIG. 5. Comparison of IFN titers determined by bioassay and by time-resolved immunoassay for IFN- . IFN titers of healthy
controls (HC) and patients with lung cancer (LC), MDS, diabetes (DM), tuberculosis (TB), and other diseases were compared.
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CLINICAL APPLICATION OF IFN-PRODUCING CAPACITY 917

duction and glycémie control or the type of diabetes (NIDDM
vs. insulin-dependent diabetes mellitus, IDDM). It is well
known that diabetic patients have increased susceptibility to
bacterial and mycotic infections/32'35' The focus of attention
on this susceptibility of diabetic patients has been on impaired
leukocyte function, that is, phagocytic activity and chemotaxis.
Bonnevie-Nielsen et al. have reported an attenuated response
of 2'-5' oligoadenylate synthetase, an enzyme induced by IFN
in IDDM patients/36' Therefore, an impaired IFN system in
IDDM patients may be a factor in their susceptibility to infec¬
tion.

It has been reported that most patients with tuberculosis have
concomitant defects in nutritional status and cell-mediated im¬
mune functions, such as delayed-type hypersensitivity or PHA
responses/37' It is known that the defect in nutrition correlates
with susceptibility to infection/38' We hypothesize that an im¬
paired IFN-producing capacity predisposes subjects to tuber¬
culosis. Figure 3 demonstrates that the IFN-producing capaci¬
ties of patients with pulmonary tuberculosis increase with
recovery. These results suggest that periodic measurement of
IFN-producing capacity might be helpful to anticipate the pa¬
tients' status.

Several investigators have reported impaired IFN- produc¬
tion in patients with HIV-1 infection/16·17' Although the pa¬
tients in this study were symptom free, most had IFN- values
lower than the mean value for healthy subjects. It is well known
that patients with fewer than 400 CD4+ lymphocyte/µ are more

susceptible to infection than are patients with more than 400
CD4+ lymphocytes/µ . Our results suggest that risk of infec¬
tion may be attributed not only to the reduction of CD4+ lym¬
phocytes but also to the impairment of IFN production per cell.
Therefore, measurement of IFN production might be helpful to
foresee the risk of infection and timing for a suitable treatment.

The main subtype of IFN induced in whole blood cultures is
probably IFN- , as suggested by the results of neutralization
experiments with antinatural IFN- antibodies, which are sim¬
ilar to the results of our previous studyZ20·39^11' and by the equal
values obtained by bioassay and immunoassay. As it is more

important to determine the active forms of IFN than the sub¬
type of IFN to prevent virus infection, we routinely monitor the
titer of IFN using a bioassay of whole blood cultures induced
by HVJ.

The IFN-producing capacities of patients with lung cancer

and tuberculosis were followed over time. Those of patients
with lung cancer decreased as the disease progressed, and those
of patients with pulmonary tuberculosis increased as the pa¬
tients recovered.

People who suffer from various diseases usually succumb
not to the disease itself but to its accompanying complications.
Among numerous accompanying complications, the main cause

of mortality and morbidity is probably infection. A direct cor¬

relation between IFN- production and susceptibility to infec¬
tion remains to be elucidated. Our accumulated data about var¬

ious diseases show that patients with lower IFN-a-producing
capacities are more prone to infection than are those with high
IFN- production. These results suggest that measurement of
IFN-a-producing capacity may be useful in assessing the sta¬
tus of the immune system and an individual's susceptibility to
infection. However, further investigation is needed to confirm
this correlation.
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