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The production of interferon by suspen-
sions of human leucocytes has been previous-
ly demonstrated(1). The present series of
experiments was performed to determine
whether (a) mononuclear cells or (b) poly-
morphonuclear leucocytes or (c) both cell
types were responsible for the interferon pro-
duced under these conditions.

Materials and methods. Viruses. Sendai
virus (F. Davenport) obtained from Dr. J. F.
Enders was passed many times in allantois
of embryonated egg. Stock Sendai was grown
in 9-11-day-old embryonated eggs in the
usual manner. To obtain high concentrations
of virus to the order of 10%° EIDj,, the har-
vested virus in allantoic fluid was ultracen-
trifuged at 40,000 rpm in the Spinco model L
ultracentrifuge for 215 hours. The virus was
suspended in M199 with 50% skimmed milk
and stored at —20°C. Infectivity titer was
calculated by the method of Reed and
Muench. The virus was titrated in embryo-
nated eggs (EIDg0) using the appearance of
haemagglutinin as criterion of infection.

Sindbis virus (59G) obtained from Dr.
R. Taylor was propagated in established hu-
man amnion cells (HA-FL) and titrated. For
purposes of interferon assay, approximately
500 TCIDj, of the virus was used.

Antiserum. Sendai antiserum (HAI-titer —
1:1024) was prepared in rabbits inoculated
5 times intravenously at 3-day intervals with
0.5 ml of Sendai virus in allantoic fluid. The
animal was bled 10 days after the last injec-
tion. The serum was inactivated at 56°C for

* Supported by Grant MA 1433 from Medical Re-
search Council of Canada to Dr. R. L. Ozere.

30 minutes and titrated by haemagglutination
inhibition.

Tissue cultures. HA-FL cells (Dr. K. Ro-
zee, Univ. of Toronto) were grown in either
milk dilution bottles or screw-capped tubes
in Hanks’ Balanced Salt Solution containing
0.5% lactalbumin hydrolysate, 0.1% glucose,
penicillin and streptomycin, and supple-
mented with 10% calf serum. Upon virus in-
oculation, no serum was included in the me-
dium.

Iron. The iron powder used was obtained
from Fisher Scientific Co. (Cat. #1-62).
Sterility was ensured by autoclaving.

Stains. Orcein stain was obtained from
The British Drug House Ltd., Poole, Eng-
land. A 2% solution was prepared(2) for
use.

Dextran. 6% W/V dextran with 0.9%
NaCl, Pharmachen Corp., Bethlehem, Pa.

Preparation of leucocyte suspensions. Fifty
ml of heparinized blood was taken from
healthy male or female donors in sterile
flasks. To this sample, dextran (6%) was
added to a final concentration of 1:6 in the
blood sample. The blood was then incubated
in 10 ml portions in sterile screw-capped
tubes inclined at a 45° angle for 30 minutes
or longer at 37°C.

After incubation, the plasma containing
the suspension of leucocytes was removed and
pooled. This sample was then divided into 2
portions,

From one portion, the plasma was removed
by centrifugation at 2500 rpm for 15 min-
utes, and the sediment containing leucocytes
was washed 3 times, and resuspended in 5
ml of medium 199 containing 10% calf se-



ProbUCTION OF INTERFERON BY LEUCOCYTES

rum. A total of 8 cell counts was performed
on the suspension to determine the final con-
centration of cells. The cells were stained
with acetic-orcein and counted in a haemo-
cytometer (Neubauer), or by an electronic
cell counter (Coulter).

From the second portion of plasma, for
preparing a mononuclear leucocyte suspen-
sion, 3 ml of plasma were diluted with 10.0
ml of medium 199 in 125 ml Erlenmeyer
flask, to which was added 0.5 g of iron pow-
der. This suspension was placed in a shaker
and agitated for 60 minutes or longer (up to
2 hours) at 37°C.

To remove the polymorphonuclear leuco-
cytes containing phagocytosed iron particles,
the wall of the test tube was placed in con-
tact against a strong electromagnet for 10
minutes, at which time the supernate was
carefully removed by pipetting and trans-
ferred to screw-capped tubes. Several sam-
ples of this suspension were stained by
Wright’s method for differential counting.
For these studies a suspension consisting of
at least 97% mononuclear cells was required.
If adequate separation was not achieved ini-
tially, the procedure was repeated once or
twice.

The cell suspension, now consisting of 97-
100% mononuclear cells, was centrifuged at
2500 rpm for 15 minutes and washed 3 times
with medium 199 containing 10% calf serum,
and then resuspended in 5.0 ml of medium.
Eight cell counts were then done to deter-
mine the cell concentration.

Interferon production. The 2 cell suspen-
sions were then each divided into 2 aliquots.
To one of these Sendai virus 1082 EIDj;, in
1.0 ml of medium was added, and to the
other, a control, an equal volume of medium
free of virus.

The 4 cell suspensions were then adjusted
each to a final cell concentration of approxi-
mately 10° cells per ml in medium 199 con-
taining 20% calf serum, and incubated in
screw-capped tubes in 1.5 ml portions, at
37°C in a roller wheel for 24-48 hours.

At the end of incubation, the cultures were
pooled into the corresponding 4 samples un-
der test, and repeated differential and total
cell counts were made. The specimens were
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centrifuged to remove the cells and the super-
natant fluids were treated with hyperimmune
Sendai-antiserum prepared in rabbits, or
ultracentrifuged (Spinco model L) at 40,000
rpm for 2-4 hours to remove virus.

Interferon assay. The 4 supernatant speci-
mens were assayed for interferon production
in the following manner:—

Four-fold dilutions of interferon with 3
tubes per dilution were incubated with hu-
man amnion cells (HA-FL) for 18-24 hours,
prior to inoculation of 500 TCIDj, of Sindbis
virus.

For each test, in addition to virus-free cell
and tissue culture controls, the following con-
trol cultures were included: (a) tissue cul-
ture plus iron 0.01% (b) tissue culture-
Sendai antiserum toxicity control (c) each of
these control cultures was incubated with and
without the addition of Sindbis virus.

The cultures were examined on the 3rd
and 4th days after incubation and readings
were taken at the period in which control
cultures showed complete cell destruction by
the Sindbis virus.

The interferon titer was expressed as the
highest dilution producing 50% protection of
the cell sheet for a period of 2 days after
complete destruction of the control cultures.
The 50% protection titer (INDjo) was de-
termined in the following manner:

4-+—no protection—100% cell sheet de-
struction

3+ —approximately 75% cell destruction

2-}—approximately 50% cell destruction

1} —approximately 25% cell destruction

0—mno visible cytopathic change.

The following scoring system was adapted
to determine 50% end points, in order to ob-
tain some quantitation of interferon titer
(Rozee, K. R., personal communication).

Cytopathic effect Interferon 9 cell
(3 tubes) Sum ‘fscore’’ protection
(%)
44+ 44 4+ 12 (=100%) 0 0
34+ 24 24 7 5 42
1+ 24 14 4 8 67
0 0 0 0 12 100

The 50% end-point was determined by
plotting the log;e dilution of interferon
against the per cent cell protection as out-



192

100p———*

PER CENT CELL PROTECTION
3338
/

0O ] 2 3 4
log,, DILUTION OF INTERFERON
FIG. 1. (Exp. 4) Interferon titer (50% cell pro-
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lined above (Fig. 1).

Results. Preparation of leucocyte suspen-
sions. Dextran (6%) sediments the red blood
cells more efficiently than Phytohemaggluti-
nin M, Thus, in a 10 ml sample of heparin-
ized blood to which 2 ml of dextran are
added, about 3-4 ml of plasma-leucocyte sus-
pension can be obtained within 30 minutes
of incubation at 37°C whereas in the same
period only one-third to half the yield would
be obtained by the use of Phytohemaggluti-
nin, By the use of dextran, the average yield
of white cells per 50 ml whole blood sample
is in the range of 30-80 X 10° cells.

Differential leucocyte separation. The sepa-
ration technique described by Hastings et al
(3) and others(4,5,6) utilizing the phago-
cytic properties of polymorphonuclear cells
by permitting them to ingest freely particu-
late iron was modified for our use (Fig. 2).
During the course of separation it was ob-
served that the efficiency of the technique
depended largely on the density of the initial
cell suspension to which the iron powder was
added. In cases where large numbers of cells
were present in small volumes, cells tended to
clump, resulting in less efficient phagocytic
activity and hence less efficient cell sepa-
ration.

It was found by trial and error that opti-
mal separation of cells with a final suspen-
sion consisting of 97-99% mononuclear cells
was achieved by a 1:3 dilution of the initial
plasma-leucocyte suspension with M199 to
which 0.5 g of iron powder per 6 ml of sus-
pension was added. Of the 29 blood samples
tested, there were 8 suspensions in which
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there was inadequate separation, i.e., less
than 97% mononuclear cells in the final sus-
pension. These were discarded from the ex-
perimental data. Thus, for purposes of com-
parison of the interferon production by cul-
tures of mixed polymorphonuclear and mono-
nuclear cells vs “pure” mononuclear cell cul-
tures, at least a 97% mononuclear cell sus-
pension as determined by repeated differen-
tial counts was deemed necessary.

Repeated differential cell counts on the
test cell suspensions, 24 and 36 hours after
incubation, showed that the polymorphonu-
clear leucocytes were reduced in numbers,
but were still present in amounts ranging
from 10-20% of the total counts. However,
after 48 and 72 hours of incubation, the
great majority of cells remaining in suspen-
sion were mononuclear in type.

Interferon production by leucocytes. A se-
ries of 17 experiments was performed in an
attempt to determine whether polymorphonu-
clear cells, mononuclear cells, or both were
responsible for the production of interferon
under in vitro stimulation with Sendai virus.

Interferon production from cell cultures
prepared from each individual donor was
compared in equal cell suspensions of (a)
“mixed” cultures and (b) cultures consisting
largely of mononuclear cells. The results of
17 experiments are summarized in Table I.
It may be seen that there is no significant
difference in interferon production in either

FIG. 2. Phagocytosis of iron particles by human
polymorphonuclear leucocyte after 60 min incubation,
Wright stain, X 600. :
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TABLE I. Comparison of Interferon Production by ‘‘Mixed’’ vs Mononuclear Human Leuco-

cyte Suspensions.

Mononuclear cell (%) Interferon titer (INDs,) IND,, ratio
Exp No. ‘“mixed’’ ‘‘pure’’ ‘‘mixed’’ ¢‘pure’’ ‘“mixed’’/‘pure’’
1 55 97 74 62 1.19
2 44 99 177 125 1.42
3 30 97 256 256 1.0
4 50 98 251 178 1.41
5 44 97 256 190 1.35
6 66 98 104 64 1.62
7 26 99 250 145 1.72
8 45 98 205 94 2,18
9 48 99 112 99 1.13
10 48 100 115 205 .56
11 44 97 112 126 .89
12 35 99 132 115 1.15
13 44 98 82 82 1.0
14 35 98 120 100 1.20
15 34 99 132 85 1.55
16 35 99 151 112 1.35
17 30 99 127 95 1.34
Total 22,06
Mean 1.29
Standard deviation .36

of the culture systems. The results indicate
that normal mononuclear cells in these sus-
pensions are capable of producing interferon.

Assay for intracellular and extracellular in-
terferon. Since polymorphonuclear cells do
not survive appreciably more than 48 hours
in vitro, a series of 6 experiments was per-
formed to demonstrate the possible effect of
cell lysis on interferon yield in the following
manner. After 24 hours’ incubation, the con-
trol and infected tube cultures containing the
respective “pure” mononuclear and “mixed”
cell suspensions were pooled into the corres-
ponding 4 samples under test. Each sample
was divided into equal portions prior to cen-
trifugation to remove the cells. One portion
was disrupted ultrasonically to permit the re-
lease of any intracellular interferon. The re-
sults are summarized in Table II. It may
be seen that the cell lysis has little or no

TABLE II. Assay for Intracellular and Extra-
cellular Interferon.

Interferon titer
Supernatant fluid +
E Supernatant fluid cell Lysate
Xp
NO. “M]..Xe‘d” (lPure)I “Mixed)} “Pure)7
1 136 116 136 99
2 100 86 105 85
3 82 82 100 95
4 115 205 120 196
5 126 114 126 114
] 98 100 98 98

effect on the yield of interferon as has been
previously observed(7).

Relationship between leucocyte count in
suspension and vyield of interferon. From
Table III it is apparent that the yield of in-
terferon is approximately proportional to the
number of cells stimulated iz viiro, i.e., the
titer varies directly with the number of cells
per ml of suspension.

TABLE III. Relationship Between Number of
Leucocytes and Yield of Interferon.

C%lé:?xllllnt —— Interferon titer ————
(X 10% Expl Exp 2 Exp3 Exp 4
5.0 600 676 729 729
2.5 327 302 400 340
1.0 128 138 140 100

.5 70 63 70 56
.25 N.D.* 25 35 29
* Not done.

Production of interferon by polymorpho-
nuclear leucocytes. In view of the evidence
that mononuclear cells are capable of inter-
feron production under appropriate in viiro
stimulation with Sendai virus, an effort was
made to determine whether polymorphonu-
clear leucocytes also share in this capacity.
A series of 4 experiments was performed by
adjusting both the “pure” mononuclear and
“mixed” cell suspensions in such a way that
both cultures would contain an approximate-
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TABLE IV. Production of Interferon by Polymorphonueclear Leucocytes After 24 Hours
Exposure to Virus.

¢‘Pure’’ “‘ Mixed’’
% Total % Total IND,
Exp mononuclear  cell count mononuelear  cell count 0
No. cell per ml cell per ml ““Pure’’ ¢‘Mixed’’
1 99 1.0 X 10° 40 2.5 X 10° 126 486
2 99 1.0 X 10° 38 2.5 X 10° 100 342
3 98 1.0 X 10° 70 1.5 X 10° 83 242
4 98 1.0 X 10° 83 1.9 X 10° 100 386

ly equal number of mononuclear cells (10°
cells/ml). Under such circumstances the
“mixed” cultures would contain an excess of
cells consisting entirely of polymorphonuclear
leucocytes. The interferon titers obtained in
these cultures are shown in Table IV. A 3-
fold or greater increase in interferon yield is
demonstrated in each of the “mixed” cell sus-
pensions. Since the yield of interferon is di-
rectly related to the total number of visible
cells as previously demonstrated (Table III)
it seems apparent that polymorphonuclear
leucocytes are also responsible for the inter-
feron obtained in these experiments.

Characterization of interferon. The inter-
feron obtained in these experiments was
characterized in the usual manner, namely
(a) its insusceptibility to inactivation by
Sendai antiserum, (b) inability to remove the
inhibiting factor by ultracentrifugation, (c)
its insusceptibility to heat inactivation at
56°C for 1 hour, (d) its inactivation by
crystalline trypsin (1 mg/ml at 37°C for 3
hours).

Discussion. The production of an inter-
feron by suspensions of human leucocytes
has been demonstrated by Gresser(1l) and
confirmed in the present report. Heretofore,
from experimental data it has been difficult
to determine the cell type responsible for the
production of this antiviral substance. Em-
ploying a differential separation technique,
our results confirm the impression of others
(1) that the mononuclear leucocytes are in-
deed capable of interferon production under
appropriate stimulation in vitro.

. Polymorphonuclear leucocytes do not
survive in appreciable amounts for more
than 48 hours’ incubation in wvitro. How-
ever, repeated cell counts in these ex-
periments 24 and 36 hours after incubation

still reveal large numbers of intact cells pres-
ent in suspension. Since there is evidence
that interferon production in leucocyte sus-
pensions reaches peak levels within 24 hours
after exposure to Sendai virus(l), it is rea-
sonable therefore to attribute the interferon
harvested 36 hours after incubation to the
various cell types present in suspension dur-
ing this period of time.

Within the limits of the technique em-
ployed there is a rough quantitation between
interferon titer and the total number of cells
in suspension(l) (Table III). Qur experi-
mental data would indicate that polymorpho-
nuclear cells as well as mononuclear cells
share in their ability to produce interferon
under appropriate i vitro stimulation for the
following reasons: (a) From Table I, it is
apparent that the yield of interferon from
the mixed and from the pure mononuclear
cell suspension is similar in all experiments.
(b) From Table IV an approximately 2-fold
excess of cells in culture consisting almost
entirely of polymorphonuclear leucocytes re-
sults consistently in 3-fold or greater yields
of interferon when harvested 24 hours after
exposure to virus.

The use of a separation technique to pro-
duce mononuclear cell suspensions such as
that described here should be useful in stud-
ies of viremia in various phases of human
viral illness(8,9,10). Berg(1l), for example,
has demonstrated the multiplication of Echo
9 virus in leucocyte suspensions. Similarly
Berg and Rosenthal(12) have also shown
the propagation of measles virus in human
and monkey leucocyte cultures.

If the production of interferon by leuco-
cytes as shown in these experiments also
occurs n vivo, this probably plays an impor-
tant role in limiting spread of virus during
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illness, and also may help to explain some of
the difficulty involved in demonstrating virus
in blood during the course of viral illness.

Summary. A technique to produce suspen-
sions of human mononuclear leucocytes has
been employed to demonstrate the produc-
tion of interferon by these cells in vitro using
a Sendai-Sindbis virus system. There is also
evidence from the experimental data that
polymorphonuclear leucocytes participate in
interferon production.

Our thanks are due to Drs. C. E. van Rooyen and
J. Embil, Jr, for their continuous interest and
guidance and to Surgeon Captain R. H. Roberts,
R. C. N. for valuable assistance in arranging blood
donations.
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Marked elevations in the levels of serum
lactic acid dehydrogenase (S.L.D.) have been
reported in acute myocardial infarction(1),
renal diseases(2), carcinomatosis(3,4), leu-
kemia(4,5), sickle cell disease(6,7), and
megaloblastic anemias such as pernicious
anemia(6,7,8) and tropical sprue(9,10). The
elevation in the total S.L.D. is the result of
an increase in one or more of the 5 normally
occurring isoenzyme fractions of L.D.H. The
fractions affected vary in different pathologic
states. The elevation occurring in pernicious
anemia and nutritional megaloblastic anemia
has been shown by Wroblewski & Gregory to
consist of an increase in the LDS5 isoenzyme
fraction(7). This seems to be unique among

* Supported by U.S.P.H.S. Grants AM-04903-03
and FR 63-02 Department of Medicine and General
Clinical Research Center, School of Medicine, Uni-
versity of Puerto Rico, San Juan.

hematologic disorders in which isoenzymes
LD3 and LD4 are the fractions most fre-
quently affected(7). Data are presented in
this report on the serum isoenzyme pattern
in patients suffering from tropical sprue.

Materials and methods. The subjects un-
der study consisted of 6 patients with tropi-
cal sprue in its acute phase, 4 partially but
inadequately treated tropical sprue cases, and
7 normal controls. The clinical diagnosis of
tropical sprue was based on the following
criteria: glossitis, weight loss, macrocytic
anemia, megaloblastic bone marrow and labo-
ratory evidence of malabsorption, including
abnormal vitamin A, xylose and butterfat ab-
sorption tests. In some instances, determina-
tion of increased fecal fat and abnormal pat-
tern of tissue obtained by peroral jejunal
biopsies were also available.

Disc electrophoresis in acrylamide gels was



