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SHORT NOTE

Exposure to Low Frequency Pulsed Electromagnetic Fields Increases
Interleukin-1 and Interleukin-6 Production by Human
Peripheral Blood Mononuclear Cells
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The exposure of human peripheral blood mononu-
clear cells to extremely low frequency pulsed electro-
magnetic fields (PEMFSs) increased both the spontane-
ous and the PHA- and TPA-induced production of inter-
leukin-1 (IL-1) and IL-6. Our results suggest that cells
of the monocytic lineage, which are good producers of
both IL-1 and IL-6, can be important cellular targets
for PEMFs. Taking into account that these cytokines
are among the most pleiotropic ones, these data can help
us understand the previous reported effects of PEMFs
on the proliferation of human lymphocytes and the ef-
fects exerted by such fields on cartilage and bone cells,
whose physiological activity is highly dependent on IL-
1 and IL-6. @ 1993 Academic Press, Inc.

INTRODUCTION

The exposure of human beings to extremely low fre-
quency (ELF) pulsed electromagnetic fields (PEMFs)
can occur as a result of environmental (power lines and
electrical apparatus), diagnostic {(nuclear magnetic reso-
nance), and therapeutic (bone fracture repair} influ-
ences [1-3]. A growing interest is thus present in study-
ing the effects of such fields at both a cellular and molec-
ular level [4-6]. Indeed, in recent years several groups
have studied the effects of the exposure to magnetic
fields on a variety of cellular functions and activities
[7-10].

For many years, our group has studied the effects of
ELF-PEMFs on immune cells [reviewed in 11]. In par-
ticular, we have reported that the exposure to such
fields was able to increase mitogen-induced human lym-
phocyte proliferation, and that this effect was more evi-
dent when cells from aged donors or Down’s syndrome
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patients were used [12, 13]). PEMFs also provoked an
increased utilization of interleukin-2 (IL-2), a crucial
growth factor for T lymphocytes [14].

We have studied the effects of PEMFs on the produe-
tion by human peripheral blood mononuclear cells
(PBMC) of two cytokines, i.e., IL-18 and IL-6, which
exert several functions of primary importance for the
activity of the immune cells and other cell types [15, 16].

The data presented in this paper suggest that the in
vitro exposure to PEMFs increases the production of
both ¢ytokines.

MATERIALS AND METHODS

Subjects. A total of 16 healthy donors, students or university per-
sonnel, with ages between 21 and 35 years, were studied. All of them
gave their informed consent.

Isolation of peripheral blood mononuclear cells. Immediately be-
fore the experiment, 20-30 mi of heparinized venous biood was ob-
tained from young healthy donors and PBMC were separated by den-
sity gradient centrifugation, following standard methods.

Peripheral blood mononuclear cell cultures. Phytohemagglutinin
{PHA-P, Difco Lab., U.8.A }-stimulated cultures were performed as
previously described [17]. Briefly, 0.1 ml of cell suspension containing
10° viable PBMC in complete medium (RPMI 1640, containing 2 mM
glutamine, 100 U/ml penicillin, 100 gg/ml streptomycin, and 10% fe-
tal calf serum) was distributed in microplate wells and stimulated by
addition of 0.1 ml of complete medium containing the mitogen. PHA-
P, final concentration of 1 4)/m), was used as mitogen for the evalua-
tion of 1L-6 producticn. The same dose of PHA-P plus 1 or 10 ng/ml
12-0-tetradecanoyiphorbol-13-acetate (TPA, Sigma Chemical Co.,
U.8.A.) was used for the evaluation of IL-18 production.

PEMF-exposed or control cultures were incubated in a humidified
atmosphere of 5% CO, and 95% air for 24 or 48 h, then supernatants
were carefully removed, centrifuged to remove cells eventually pres-
ent, collected, and frozen at —20°C until use.

Characteristics of PEMPFs and exposure conditions. The exposure
to pulsed electromagnetic fields was performed as previously de-
scribed, using the same exposure system and electrornagnetic signal
[18]. Briefly, microtiter plates containing the cell cultures were placed
between a pair of Helmoltz coils (maintained parallel to the plates)
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TABLE 1
Production of IL.-18 in PEMF-Exposed PBMC Cultures

Hours Stimulus Control Exposed P
24 None 11.3+ 1.3 54.4 + 13.3 <(.015
24 TPA 1 ng/ml + PHA 1 gl/ml 62.7 + 26.4 119.1 + 31.6 <0.009
24 TPA 10 ng/ml + PHA 1 g1/ml 159.0 + 60.5 282.1 + 63.9 <0.015

Note. The production of I1.-18 in the supernatants of 12-O-tetradecanoylphorbol-13-acetate (TPA) plus phytochemagglutinin (PHA)-stimu-
lated PBMC cultures was measured by ELISA. Data are expressed in pg/mi (arithmetic mean + SEM)} and refer to 10 young healthy donors.

Statistical analysis was performed by two-tail paired Student’s ¢ test.

powered by a pulse generator {Igea, Carpi, Italy). The pulse duration
was about 2 ms and the repetition rate was 50 Hz, yielding a duty cycle
of 1/10. The intensity of the magnetic field was 2.5 mT, the average
time variation of the field being of the order of 1 T/s, The induced
voltage was about 2 mV. The induced electric field inside each well
was in the plane parallel to the microtiter plate surface and was esti-
mated as 0.02 mV/cm [19]. The control cultures were maintained in
the same incubator at a distance where no electromagnetic field was
detectable, using a coil described elsewhere [20]. No thermic effect
was produced by the exposure system used, as previously reported
[12-14].

Cytokine measurements. The amount of 1L-13 and IL-6 present in
the supernatants was measured by the sandwich ELISA technique
{Quantikine, British Bio-technology, Oxen, UK) following the manu-
facturer’s instructions. Each point was run in triplicate.

Data calculation and stotistical analysis. Statistical analysis was
performed by two-tail paired Student’s ¢ test.

RESULTS

Table 1 shows the production of IL-18 in PEMF-ex-
posed and control cultures of PBMC from 10 young
healthy donors.

Table 2 shows the production of IL-6 in PEMF-ex-
posed and control cultures of PBMC from 6 young
healthy donors.

It is noteworthy that the exposure of human PBMC
to PEMFs increases both the spontaneous and the
PHA- and TPA-induced production of IL-1 and IL.-6.

TABLE 2
Production of IL-6 in PEMF-Exposed PBMC Cultures

Hours Stimulus Control Exposed P
24 None 0.50 £ 0.22 0.58 = 0.32 NS
24 PHA 1 ul/m! 3.24 +0.75 3.97 + (.68 <0.03
48 None 0.49 + 0.25 0.94 + 0.37 <0.04
48 PHA 1 p1/ml 3.88 £ 0.54 4.49 + 0.52 <0.018

Note. The production of IL-6 in the supernatants of phytohemag-
glutinin {PHA}-stimulated PBMC cultures was measured by ELISA.
Data are expressed in ng/ml (arithmetic mean + SEM) and refer to
six young healthy donors. Statistical analysis was performed by two-
tail paired Student’s ¢ test.

DISCUSSION

Evidence from several laboratories, including ours,
suggests that PEMFs have profound effects on immune
cells [11, 21-23]. Immune responses are mediated by a
variety of molecules collectively called cytokines. Be-
sides immunocytes, these molecules have several tar-
gets outside the immune system, such as neuronal and
endocrine cells, chondrocytes, fibroblasts, and bone
cells, among others [15, 16]. In this paper, we demon-
strate that the exposure to PEMFs was able to signifi-
cantly increase the in vitro production of two important
cytokines, such as I1.-18 and IL-6.

1L-1 is mainly produced by activated monocytes, but
also by endothelial cells, fibroblasts, and T and B lym-
phocytes, among others. Its main biological activities
are the induction of fever, sleep, anorexia, bone resorp-
tion; at a cellular level, it is also able to induce the
growth and differentiation of T and B cells, the growth
of fibroblasts, and the synthesis of collagenase [re-
viewed in 24]. IL-6 is produced by macrophages, T and
B lymphaocytes, keratinocytes, endothelial cells, astro-
cytes, and bone marrow stroma cells. It is able to induce
B cell differentiation, T cell activation and differentia-
tion, neural cell differentiation, and bone resorption,
among other functions [reviewed in 25].

Both spontaneous and mitogen-induced cytokine pro-
duction were significantly affected by PEMFs, suggest-
ing that this phenomenon might also occur under condi-
tions similar to those present in wvivo, where optimal
concentrations of strong mitogens are unlikely to be
present.

The . _sults presented here, and those previously re-
ported on the increased utilization of IL-2 by lympho-
cytes exposed to the same PEMFs [14], suggest that
cytokine production may be one of the most important
functions affected by these nonionizing radiations. At
the cellular level, monocytes are probably important
targets for PEMF action, as they are present in the pe-
ripheral blood cell population we have used in our stud-
ies and are considered among the most important pro-
ducers of IL-18 and IL-6 [16, 24, 25]. The phenomenon
described here can have far reaching consequences, tak-
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ing into account that a variety of phagocytic cells spread
out all over the organism, such as astrocytes, Kupffer
cells, and Langerhans cells, among others, derive from
circulating monocytes. Qur data might also help in ex-
plaining other biological effects exerted by PEMFs and,
in particular, those concerning bone repair, a phenome-
non in which IL.-1 and IL.-6 play a crucial role.
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