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Abstract. Lymphocytes have their membrane potential changed during transition from the 
resting to the active state. On these grounds, we investigated the response of human peripheral 
lymphocytes to a depolarizing high-potassium (102.7 mM) medium, by assaying cellular incor- 
poration of labeled thymidine and interferon (IFN) release in the culture medium. The greatest 
effect is evident 3-4 days after preincubation for 120 min in high K+ medium. A temporal 
correlation has been observed between rate of DNA synthesis and IFN production. The IFN 
activity is shown to be y-type. 0 1987 Society for Experimental Biology and Medicine 

Lymphocytes stimulated in vitro by a variety 
of agents undergo a complex series of meta- 
bolic processes ( 1-3) and changes of the mem- 
brane properties (4) that on the whole have 
been referred to as lymphocyte activation. 

Although initially observed in the neuron, 
membrane potential changes have been 
stressed as mediating some events in lympho- 
cyte activation. Epstein-Barr virus causes in 
receptor-bearing B lymphocytes but not in re- 
ceptor-negative T lymphocytes a biphasic 
membrane potential change consisting in an 
initial hyperpolarization followed by a depo- 
larization (5) .  On the contrary the lymphocyte 
mitogenic stimulation results sequentially in 
depolarization, repolarization, and hyperpo- 
larization, and these changes are correlated 
with DNA synthesis (6,7). Furthermore, lym- 
phocyte cultures stimulated with T-cell mi- 
togens release IFN-7 (8), a lymphokine with 
antitumoral and immunosuppressive activity 
greater than other IFNs (9). 

On the basis of these findings, it seems likely 
that there is a relationship between trans- 
membrane potential changes and subsequent 
biological responses. 

The present study was undertaken to in- 
vestigate the effect of a depolarizing medium 
(10-12) on the lymphocyte activation, re- 
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vealed in the form of proliferative and antiviral 
activities. 
Materials and Methods. Lymphocyte prepa- 
ration and culture. Lymphocytes were sepa- 
rated by layering buffy coats of healthy donors 
(age range 30-40 years) over Ficoll-Hypaque 
(1 3). The technique routinely resulted in cell 
populations consisting of approximately 80% 
lymphocytes and 20% monocytes. Cell num- 
ber was determined by light-microscopic count 
and viability was assayed by trypan-blue dye 
exclusion technique. The incubation was car- 
ried out in triplicate in sterile microtiter plates 
(12-well culture clusters; COSTAR) at 37°C 
in humidified atmosphere of 5% Co2-95% air; 
each well contained 1 X lo6 pooled cells/ml 
in RPMI 1640 medium (GIBCO), pH 7.2- 
7.4, supplemented with 20 mM glutamine 
(GIBCO), 10 mM Hepes (GIBCO), 1% peni- 
cillin-streptomycin solution (Labtek, Eurobio, 
France), and 10% heat-inactivated fetal calf 
serum (GIBCO). The composition of normal, 
unsubstituted RPMI 1640 medium was 102.7 
mM NaC1,5.4 mM KC1,0.4 mM MgS04,0.4 
mM Ca (N03)2 7H20, 5.6 mM Na2HP04, and 
11 mM glucose. 

Activation of lymphocytes. Lymphocytes 
were cultured for 30, 60, 90, and 120 min in 
RPMI 1640 Select-Amine Kit medium 
(GIBCO) prepared with 102.7 mM KCl re- 
placing 102.7 mM NaCl (high-K+ medium). 
At the end of each time period the cultures 
were collected and centrifuged at 400g for 10 
min at 20°C. The pellet was resuspended in 
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RPMI 1640 and incubated at 37°C for 96 hr. 
Control wells in each plate contained unstim- 
ulated cells and cells stimulated with staphy- 
lococcal enterotoxin A (SEA; SIGMA) added 
at a dose of 0.1 pg/106 cells at the start of the 
culture. IFN activity was assayed in superna- 
tants and [ 3H]thymidine incorporation in pel- 
lets after 24, 48, 72, and 96 hr. 

Measurement of DNA synthesis. DNA syn- 
thesis was assayed by use of [3H]thymidine ac- 
cording to Peavy et al. (14). A dose of 1 pCi 
of [methyl-3H]thymidine (sp act 1 Ci/mmol; 
Sorin Biomedica, Italy) was added to each well 
24 hr before harvesting. Incorporation then 
was determined by liquid scintillation count- 
ing. Data are expressed as the difference in 
counts per minute (cpm) between the means 
of stimulated and unstimulated cultures. 

Antiviral assay. Supernatants were titrated 
for IFN activity with a microplaque reduction 
assay ( 15) using human epidermoid carcinoma 
larynx cells (HEp 2) and human amnionic cells 
(Wish), and vesicular stomatitis virus (VSV, 
Indiana strain) as challenge virus. Cell mono- 
layers were infected with 50 plaque-forming 
units of VSV and all 'samples were tested at 
least twice in quadruplicate. Titrations always 
were made employing the international ref- 
erence preparation (IRP) for human IFN-y 
(Gg 23-90 1-530, NIAID, NIH, Bethedsa, MD). 

Characterization of the antiviral activity. 
The characterization of antiviral activity pro- 
duced by lymphocytes included acidification 
of samples at pH 2.0 with 0.1 M HC1, followed 
by neutralization at pH 7.0 prior to the assay, 

heating at 56°C for 1 hr, dialysis for 1 day at 
2"C, ultracentrifugation at 105,00Og, and 
proteolytic treatment (trypsin: 0.25% for 30 
min at 37°C). 

Neutralization of IFN was carried out as 
follows. Concentrated samples (50 pl, 150 
units/ml) as well as IFN international stan- 
dards were incubated (60 min at 37°C) in the 
presence of individual and pooled anti-IFN 
antisera and the residual antiviral activity was 
then assayed. Anti-IFN-a and -1FN-0 antisera 
(G-026-502-568 and G-028-50 1-568, obtained 
from NIAID, NIH) were used at a dilution of 
1 :2000 and 1 :40, respectively. Anti-IFN-y 
antiserum (kindly provided by Professor J. 
Week and Dr. M. P. Langford, with a neu- 
tralizing titer of about 1:2500 and 1:10,000 
against 10 units/ml, respectively) was used at 
a dilution 1:20 (16). For each experiment the 
amounts of anti-human IFN-a, -0, and -y used 
were sufficient to completely neutralize the 
corresponding IFNs. 

Results. Cell responsiveness in control cul- 
tures. The ability of the culture system to sup- 
port lymphocyte transformation and lympho- 
kine production was established by means of 
the specific T-lymphocyte mitogen SEA (17) 
added at the start of the culture. The results 
in Fig. 1 show both a continuous IFN release 
and [ 3H]thymidine incorporation. In addition, 
the maximum IFN level was detected at 72- 
96 hr of culture and coincided with the greatest 
proliferative response. 

On the other hand, unstimulated cells pro- 
duced only negligible amounts of IFN ( 10 IU/ 
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FIG. 1 .  Effect of SEA on lymphocyte activation. Cells were cultured (37"C, 5% C 0 2  incubator) at 1 X lo6 
cells/ml in RPMI 1640 plus 10% FCS, pH 7.2-7.4, in presence of 0.1 pg/106 cells SEA. At the times indicated 
the rate of [3H]thymidine uptake (0) and IFN production (0) were measured as described under Materials 
and Methods. Values are means * SD for triplicate samples for five experiments. 
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FIG. 2. Effect of high-K+ medium on lymphocyte activation. Cells were preincubated (37"C, 5% COZ 
incubator) at 1 X lo6 cells/ml in high-K' medium for 30, 60, 90, and 120 min. At each time the cells were 
collected and resuspended in RPMI 1640 plus 10% FCS, pH 7.2-7.4. After 72 hr incubation the rates of 
[3H]thymidine uptake and IFN production were measured as described under Materials and Methods. 
Values are means k SD for triplicate samples for five experiments. 

lo6 cells) and responded poorly (3 X lo3 
cpm/ I O6 cells) in proliferation assay. 

Efect of high extracellular potassium on 
cultured lymphocytes. Human peripheral 
lymphocytes preincubated in high-K+ me- 
dium (102.7 mMKC1) for 30,60,90, and 120 
min and cultured without further stimulation 
in RPMI 1640 for a suitable time ( 1 1, 18, 19) 
take up labeled thymidine and release IFN. 

As shown in Fig. 2, the time course of lym- 
phocyte reponsiveness is related to the length 
of preincubation time and a steady-state level 
is reached when the cells are exposed for at 
least 90 min to the medium containing the 
high K+ concentration. Furthermore, there is 

a temporal correlation between IFN produc- 
tion and the rate of DNA synthesis. However 
the lack of a time lag between DNA synthesis 
and IFN-y production may suggest an in- 
creased transcription and translation of exist- 
ing DNA. 

In order to determine the kinetics of the 
response, lymphocytes maintained for 120 
min in high-K+ medium subsequently were 
cultured without further stimulation in RPMI 
1640 over a period of 4 days. 

The data presented in Fig. 3 indicate that 
IFN production and thymidine incorporation 
exhibit a similar slope and that the lymphocyte 
response reaches peak level after 72 hr of in- 

FIG. 3. Time course of [3H]thymidine uptake and IFN production by cultured human peripheral lym- 
phocytes. After 120 min preincubation in high-K' medium the cells were collected, resuspended in RPMI 
1640 plus 10% FCS, pH 7.2-7.4, and incubated (37"C, 5% COz incubator) for 24, 48, 72, and 96 hr. At 
each time the [3H]thymidine incorporation (0) and IFN production (0) were measured as described under 
Materials and Methods. Values are means f SD for triplicate samples for five experiments. 
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cubation. Negligible IFN amounts and low 
levels of incorporation were found in control 
unstimulated samples. 

The findings that antiviral activity produced 
in our conditions was entirely acid labile and 
was neutralized only by anti-human 1FW.y 
serum suggest that it can be attributed 
to IFN-7. 

Discussion. Evidence has been accumulated 
recently suggesting that mitogenic stimulation 
of lymphocytes is associated with changes in 
ion fluxes across the membrane and conse- 
quentially with membrane potential variations 
which may represent an important early step 
in cell activation (6). Furthermore a clear in- 
dication exists that DNA and protein synthesis 
are strongly dependent on extracellular con- 
centrations of potassium and sodium ions. In 
fact isotonic replacement of K for Na prevents 
low-Na inhibition of DNA synthesis (1 1). Ad- 
ditionally culture in high-K+ medium modifies 
intracellular ion concentration (20) and ratios 
(21) and increases the mobility of membrane 
proteins, and these events could be required 
to trigger activation (22, 23). 

On account of these findings we investigated 
whether a depolarization by means of cell ex- 
posure to a high-K' medium (1 1, 12) could 
mimic the biological action of mitogens. 

The results show that the high extracellular 
potassium promotes cellular activation as 
pointed out by the correlation among the 
length of preincubation in high-K+ medium, 
DNA synthesis, and IFN production. Treat- 
ment for 90-120 min is probably needed for 
a full depolarization to occur and it is note- 
worthy, with regard to the time course of de- 
polarization, that it can vary after addition of 
mitogens up to 2-4 hr (6). 

Additionally, the time course of [3H]thy- 
midine uptake and IFN release demonstrates 
that a substantial response can be obtained 
only after 3 to 4 days of culture in RPMI 1640, 
following preincubation in high-K+ medium. 
Consistent with the events of the mitogenic 
stimulation of lymphocytes (6) we would pre- 
dict that this time may be required for the full 
development of the synthetic capacity which 
reached its maximum after 72 hr. 

The amounts of IFN released by lympho- 
cytes in our experimental conditions are ap- 
proximately the same as those obtained with 

mitogens (19, 24). Although there is no direct 
evidence, the results suggest a similar pathway 
when lymphocytes are exposed either to mi- 
togens or to high extracellular potassium. On 
the other hand we do not know whether the 
effects are specific for K+ or whether other ions 
can mimic in vitro its action. 
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