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Background: Tumor necrosis factor-o. (TNF-ot) and IL-1f are 2 pro-inflammatory cytokines
known to be involved in rheumatic diseases. The therapeutic strategy used in micro-immuno-
therapy (MI) to reduce chronic inflammation and attenuate pain consists in mainly targeting
these 2 cytokines. 2LARTH?® is a sublingually administered medicine consisting of lactose-
saccharose globules impregnated with ethanolic preparations of immune mediators and nucleic
acids at ultra-low doses.

Purpose: The aim of the study is to explore the effect of the MI medicine on TNF-o and IL-15
secretion in human primary enriched monocytes exposed to lipopolysaccharide (LPS).
Materials and methods: Placebo and active globules were diluted in culture medium to test
5 lactose-saccharose globules concentrations (from 1.75 to 22 mM). Freshly isolated enriched
monocytes from 6 healthy donors were treated with or without LPS (10 ng/mL), LPS+ placebo,
or LPS+ 2LARTH® for 24 hours. IL-1B3, TNF-o., and IL-6 release were evaluated by ELISA.
Results: The medicine has significantly decreased the level of IL-1f secretion compared with
placebo at these concentrations: 22 mM (P<0.0001), 11 mM (P=0.0086), 5.5 mM (P=0.0254),
and compared with untreated LPS control at these concentrations: 22 mM, 11 mM (P=0.0008),
and 5.5 mM (P=0.002). The effect of active globules on the reduction of TNF-a. release is sig-
nificant compared with placebo at these concentrations: 22 mM (P=0.0018), 11 mM (P=0.0005),
5.5 mM (P=0.0136), and compared with untreated LPS control at these concentrations: 22 mM
(P=0.0021), 11 mM (P=0.0017), 5.5 mM (P=0.0052) and 2.25 mM (P=0.0196). Besides, IL-6
secretion decreased compared with placebo at 22 mM (P=0.0177) and 11 mM (P=0.0031).
Conclusion: The results indicate that the tested product exerts significant anti-inflammatory
effects on human LPS-stimulated monocytes.

Keywords: ultra-low doses, hormesis, chronic inflammation, rheumatic diseases

Introduction

Micro-immunotherapy (MI) is an immunomodulation therapy that uses the same molecu-
lar messengers as the immune system, such as cytokines, hormones or growth factors,
nucleic acids, and specific nucleic acids (SNAs®), to transmit information throughout
the organism and modulate the immune response. SNAs® are single strands of DNA
molecules, ranging from 16 to 34 bases, designed to target specifically 1 or more genes
(European Patent: EP0670164B1). MI acts to potentiate the body’s defenses in acute and
chronic diseases.? MI medicines consist of lactose-saccharose globules for oromuco-
sal administration, impregnated with ethanolic preparations of immune mediators and
nucleic acids at ultra-low doses (ULD). ULD of active substances are obtained through
the “Sequential Kinetic Process”, consisting of a 1/100 dilution process followed by verti-
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cal shaking, reproduced a defined number of times. Medicines
composition is expressed as CH (Centesimal Hahnemannian
dilutions), and it indicates the number of times by which the
2 proceedings are carried out for each active substance. This
manufacturing process is in accordance with the European
Pharmacopeia monographs 1,038 and 2,371, current edition.

The medicines are sequentially developed to transmit
consecutive information to the body. Indeed, the composition
of each capsule is specific, and the intake should follow the
ascending order indicated on the blister.

In the context of rheumatic diseases (RDs), including
arthritis, MI strategy aims at reducing the chronic inflamma-
tion acting mainly on 2 pro-inflammatory cytokines, tumor
necrosis factor-ot (TNF-a) and IL-10, known to be involved
in pain, stiffness, swelling, and reduced mobility, the major
clinical signs of RD.*3 Once activated, both proteins serve as
potent pro-inflammatory cytokines at the local level, trigger-
ing vasodilatation and attracting monocytes and neutrophils
to sites of tissue damage and stress. These cytokines are
crucial for the induction of matrix enzymes and act as potent
mediators of tissue damage, altering cartilage, and bone
homeostasis. Furthermore, both cytokines trigger the produc-
tion of “classical pain mediators”, such as prostaglandins,
activating and/or sensitizing nociceptive neurons, through
the induction of cyclooxygenase-2.*° Pharmaceutical agents,
especially paracetamol and non-steroidal anti-inflammatory
drugs, already play a key role in symptoms control;® however,
managing chronic pain still remains clinically challenging.’
In addition, long-term use of anti-inflammatory medicines
is associated with several side effects.®® The association of
2 or more analgesic agents should be carefully evaluated
because, although they can have synergistic effects and
increase therapeutic efficacy, their combination may also
imply more important side effects.

In MI, the active substances are ultra-diluted to avoid
toxicity and side effects, therefore, MI medicines can be
used alone or in association with other therapies to provide
clinical benefits and synergistic effects.!

2LARTH® is an MI medicine developed to attenuate signs
and symptoms of RD, as well as arthritis. The formula is thought
to counteract the overexpression of TNF-ot and IL-1f3 once the
inflammatory cascade is activated and the chronic inflammatory
status is established. The medicine is notified as a homeopathic
medicine under notification number 1507CH36 F1 by the Fed-
eral Agency for Medicines and Health Products in Belgium.

To investigate the efficacy of the MI medicine, the
authors have chosen the recognized scientific approach and
an in vitro model of inflammation widely used for testing
anti-inflammatory compounds and drugs. Such study wanted

also to provide the basis of important understandings into the
mode of action of ULD and MI medicines.

Materials and methods

Materials

The tested MI medicine is a sequential drug. Capsules in
blister are numbered from 1 to 10 and the intake should
respect a sequential order. The tested capsule contains lactose-
saccharose globules impregnated with ULD of 3 human recom-
binant pro-inflammatory cytokines (IL-103, TNF-c, and IL-2),
and ULD of SNA® targeting genomic regions and transcripts
of human leukocyte antigen (HLA) class I and II molecules
and human IL-2. The composition of the tested capsule is as
follows: IL-1B at 17 CH, TNF-oc at 17 CH, and IL-2 at 10 CH,
SNA-HLA-I at 10 CH, SNA-HLA-II at 10 CH, and SNA-
ARTH at 10 CH. The placebo capsules, which were used as
controls contain lactose-saccharose globules impregnated with
the only ethanolic preparation, without any active substance.

Isolation of human peripheral enriched

monocytes
The whole blood samples of 6 healthy volunteers were
collected at the University Medical Center of Freiburg
(Germany). Written informed consent was obtained from
all donors. The study has been approved by the Ethics Com-
mittee of Albert Ludwigs University of Freiburg.
Monocytes were extracted following a standardized pro-
tocol using completely endotoxin-free cultivation.!"'? Using
50 mL tubes, 25 mL Ficoll was loaded with 25 mL of blood
(buffy coats). The gradient was established by centrifugation
at 1,800 rpm, 20°C for 40 minutes. with slow acceleration
and deceleration. Peripheral blood mononuclear cells in the
interphase were carefully removed and re-suspended in 50 mL
pre-warmed PBS (Pan Biotech, Aidenbach, Germany), fol-
lowed by centrifugation for 10 minutes at 1,600 rpm and 20°C.
The supernatant was discarded and the pellet washed in 50
mL PBS and centrifuged as aforementioned. The pellet was
then re-suspended in 50 mL Roswell Park Memorial Institute
(RPMI)-1640 low-endotoxin medium supplemented with 10%
human serum (Hexcell, Berlin, Germany) and cells incubated
at 37°C with 5% CO,. The day after, medium and the non-
adherent cells (mostly lymphocytes) were removed and fresh
RPMI-1640 medium containing 1% human serum was added.

AlamarBlue assay

After counting the number of cells in a particle counter (Euro
Diagnostics, Krefeld, Germany), human primary enriched
monocytes from 1 donor were seeded in 96-well plates, at a den-
sity 0f 220,000 cells/well and incubated at 37°C with 5% CO,.
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The globules of placebo or 2LARTH® were dissolved in
cell culture media at different lactose-saccharose concentra-
tions (from 2.75 to 22 mM). 1 pL of the stock solution or the
dilutions were added per well (100 pL). Cells were incubated
with sodium fluoride, NaF (250 ug/mL), to induce cell death
and have a positive control, or only with complete media. The
experiment was run in quadruplicates.

After 24 hours of incubation, 10 uL AlamarBlue®
(Thermo Fisher Scientific, Waltham, MA, USA) was added to
each well. After 2 hours, the fluorescence was measured with
a fluorescence spectrophotometer, using 544EX nm/590EM
nm filter settings. The amount of fluorescence is proportional
to the number of living cells and corresponds to the cells
metabolic activity. Damaged and nonviable cells have lower
innate metabolic activity and thus generate a proportionally
lower signal than healthy cells.

The active ingredient of AlamarBlue® (resazurin) is a
nontoxic, cell permeable compound that is blue in color
and virtually nonfluorescent. Upon entering cells, resazurin
is reduced to resorufin, which produces very bright red
fluorescence. Viable cells continuously convert resazurin
to resorufin, thereby generating a quantitative measure of
viability and cytotoxicity.

Determination of inflammatory

parameters after treatment
Cells were seeded in 24-well plates (2.2 million cells/well)
and incubated at 37°C with 5% CO,.

The cells, 30 minutes prior to stimulation with lipopoly-
saccharide (LPS 10 ng/mL from Salmonella enterica serotype
typhimurium, Sigma, Taufkirchen, Germany) were incubated

with active lactose-saccharose globules contained in the cap-
sule of the medicine or with placebo globules, dissolved in
culture media, at different lactose-saccharose concentrations
(22, 11, 5.5, 2.75, and 1.37 mM). After incubation at 37°C
and 5% CO, for 24 hours, the supernatants were removed,
centrifuged, and investigated for IL-1B, TNF-o, and IL-6
concentrations (pg/mL) using commercially available single
analyte ELISA kits (Immunotools, Friesoythe, Germany). The
protocol used has followed the manufacturer’s instruction.

The experiments (2 independent in 2 experimental days)
were performed in duplicates.

Statistical analysis

Cytokines levels, released by placebo- or active-treated cells,
were normalized to levels released by LPS-control cells. A
total of 100% is the normalized value of each donor response
to LPS; indeed, each treated sample was compared with its
own normalized control. The responses of the six donors
were individually evaluated and the average of each duplicate
was considered for statistical analysis. Statistical analysis was
performed using GraphPad Prism version 7.0 for Windows
(GraphPad Software, La Jolla, CA, USA). Levels of IL-1p,
TNF-0, and IL-6 secreted by active MI-treated cells were
compared with the proper controls (placebo-treated cells and
LPS-control cells) using paired ¢ tests.

Results

Cell viability test

Cultured human enriched monocytes from 1 donor were
treated for 24 hours with: i) complete medium (control), ii)
NaF (250 pg/mL), and iii) four different concentrations (2.75,
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Figure | Human monocytes viability examination after exposure to active and placebo globules.
Notes: Cultured human enriched monocytes were treated for 24 hours with: complete medium (control), NaF (250 pg/mL), and four different concentrations (2.75, 5.5, I,
and 22 mM) of active or placebo lactose-saccharose globules. The graph shows the percentage of cell viability evaluated by AlamarBlue®. Data were expressed as mean + SD

percentage (vs control, 100%) of | donor measured in quadruplicates (n=4).
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5.5, 11, and 22 mM) of active or placebo lactose-saccharose
globules. Cell viability was evaluated by AlamarBlue®.

All tested concentrations of active and placebo globules
have not affected the viability of human primary enriched
monocytes (Figure 1).

Inducible pro-inflammatory cytokines

secretion in human monocytes

LPS from Gram-negative bacteria is one of the most potent
innate immune-activating stimuli. Human monocytes are very
sensitive to LPS and respond by expressing many inflamma-
tory cytokines.!3!* We tested the secretion of IL-1, TNF-a,
and IL-6 on primary enriched monocytes after LPS (10 ng/
mL) stimulation, and we confirmed the increased secretion
of pro-inflammatory cytokines. IL-1f secretion has increased
by about 15 times in stimulated cells compared with unstimu-
lated cells, and TNF-o secretion by about 40 times (Figure 2).
IL-6, absent in supernatant of unstimulated cells, has reached
levels comparable with TNF-o levels in LPS-inflamed cells
(11,000 pg/mL and 11,400 pg/mL).

The effect of Ml medicine on pro-
inflammatory cytokines secretion
Cultured human enriched monocytes from 6 donors were
exposed to 10 ng/mL of LPS for 24 hours to activate the expres-
sion and the secretion of pro-inflammatory cytokines. The

treatment with placebo, or active lactose-saccharose globules,
at 5 different concentrations (from 1.37 to 22 mM) started 30
minutes. earlier than the stimulation with LPS, then protein
levels in cell medium were evaluated by ELISA. Graph in
Figure 3 shows that, when monocytes were treated with active
globules, IL-1PB secretion significantly decreased compared
with placebo at these concentrations: 22 mM (P<0.0001), 11
mM (P=0.0086), and 5.5 mM (P=0.0254), and it decreased
compared with untreated LPS control at these concentrations:
22 and 11 mM (P=0.0008), and 5.5 mM (P=0.002).

Also, TNF-o results were in line with the assumption,
and IL-1p results (Figure 4). The effect on TNF-o secretion
is significant at these concentrations: i) vs placebo, 22 mM
(P=0.0018), 11 mM (P=0.0005), and 5.5 mM (P=0.0136);
i1) vs LPS control, 22 mM (P=0.0021), 11 mM (P=0.0017),
5.5 mM (P=0.0052), and 2.75 mM (P=0.0196).

The effect of active globules on IL-6 secretion (Figure 5),
while less pronounced, is consistent with IL-1[3 and TNF-o.
results: the treatment reduced IL-6 release compared with
placebo at 2 concentrations: 22 mM (P=0.0177) and 11 mM
(P=0.0031).

In Figure 6, we show the percentage of IL-1B, TNF-c,
and IL-6 release of each donor at the 2 higher globules con-
centrations (11 and 22 mM). In spite of the intra-individual
variability, all donors responded to the active globules in the
same manner.
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Figure 2 Human enriched monocytes cytokines secretion after exposure to bacterial endotoxin LPS.
Notes: Cultured human primary enriched monocytes were exposed to 10 ng/mL of LPS for 24 hours. IL-1B (A), TNF-a. (B), and IL-6 (C) release was evaluated by ELISA.
Results were expressed as mean (pg/mL) + SD of 6 donors (n=6). The experiments were run in duplicates.

Abbreviations: LPS, lipopolysaccharide; TNF, tumor necrosis factor.
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Figure 3 Diluted active globules decrease IL-1[3 secretion compared with controls.

Notes: Cultured human enriched monocytes from 6 donors, exposed to 10 ng/mL of LPS for 24 hours, were treated with placebo or active globules (from 1.37 to 22 mM
of lactose-saccharose concentrations). IL- |3 release was evaluated by ELISA. Data were expressed as mean * SD percentage of 6 donors, n=6 (vs LPS control, 100%). Cells
treated with lactose-saccharose globules of | capsule of 2LARTH® (magenta columns) have secreted lower levels of IL-1[3 compared with placebo control (gray columns).
The difference is significant at 3 concentrations (22 mM P<0.0001; || mM P<0.01; and 5.5 mM P<0.05). Cells have also secreted lower levels of IL-13 compared with LPS
control (black column). The difference is significant at 3 concentrations (22 and || mM P<0.001; and 5.5 mM, P<0.01). “P-values<0.01 vs LPS control; $P-values<0.001 vs LPS
control; *P-values<0.05 vs LPS placebo; **P-values<0.01 vs LPS placebo; ***P-values<0.0001 vs LPS placebo.

Abbreviation: LPS, lipopolysaccharide.
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Figure 4 Diluted active globules decrease TNF-0. secretion compared with controls.

Notes: Cultured human enriched monocytes from 6 donors, exposed to |0 ng/mL of LPS for 24 hours, were treated with placebo or active globules (from 1.37 to 22 mM
of lactose-saccharose concentrations). TNF-o. release was evaluated by ELISA. Data were expressed as mean + SD percentage of 6 donors, n=6 (vs LPS control, 100%). Cells
treated with lactose-saccharose globules of | capsule of 2LARTH® (magenta columns) have secreted lower levels of TNF-o. compared with placebo control (gray columns).
The difference is significant at 3 tested concentrations (22 mM P<0.01; || mM P<0.001; and 5.5 mM P<0.05). In addition, cells have secreted lower levels of IL-1} compared
with LPS control (black column). The difference is significant at 4 tested concentrations (22, |1, and 5.5 mM, P<0.01; and 2.75 mM P<0.05). *P-values<0.05 vs LPS control;
#P-values<0.01 vs LPS control; *P-values<0.05 vs LPS placebo; **P-values<0.01 vs LPS placebo; ***P-values<0.001 vs LPS placebo.

Abbreviations: LPS, lipopolysaccharide; TNF, tumor necrosis factor.
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Figure 5 Diluted active globules decrease IL-6 secretion compared with placebo.

Notes: Cultured human enriched monocytes from 6 donors, exposed to 10 ng/mL of LPS for 24 hours, were treated with placebo or active globules (from 1.37 to 22 mM
of lactose-saccharose concentrations). IL-6 release was evaluated by ELISA. Data were expressed as mean * SD percentage of 6 donors, n=6 (vs LPS control, 100%). Cells
treated with lactose-saccharose globules of | capsule of 2LARTH® (magenta columns) have secreted lower levels of IL-6 compared with placebo control (gray columns). The
difference is significant at 2 tested concentrations (22 mM P<0.05 and || mM P<0.01). There were no significant differences in IL-6 release between active globules treated

cells and LPS control (black column). *P<0.05 vs LPS placebo; **P<0.01 vs LPS placebo.

Abbreviation: LPS, lipopolysaccharide.

Discussion and conclusion

To ensure that placebo and active lactose-saccharose globules
are not cytotoxic at the tested concentrations, human enriched
monocytes from 1 donor were exposed to 2.75, 5.5, 11, and 22
mM of placebo or active globules, or cell medium (control).
NaF (250 pg/mL) was used to induce cell death in positive
control cells. The results show that both active and placebo
globules, at all tested sugar concentrations, did not impact
the cell viability (Figure 1). Because lactose and saccharose
are not hydrolyzed in mammalian cells, we decided to stay
in a “safe range”, below the used concentrations to induce
autophagy and osmotic stress.!>!"

The in vitro tested MI medicine was formulated to reduce
the pro-inflammatory responses and, more specifically, to
modulate toward an inhibition, the altered levels of IL-1
and TNF-c.

To examine the effects of the medicine on the pro-
inflammatory cytokines secretion, we used a human in vitro
model of inflammation: enriched monocytes, isolated from
6 healthy donors, stimulated with the bacterial antigen LPS
for 24 hours to induce an inflammatory status.'>!'* LPS causes

an initial increase in IL-1P secretion, which, in turn, induces
further IL-1f production and secretion, an amplification
system that is called “autoinduction”.!® Furthermore, IL-1J
induces the expression and the secretion of TNF-o and IL-6,
t00.! On the other side, via the TNFRI receptor, LPS also
induces the secretion of TNF-o leading to the establishment
of an autocrine positive loop that sustains the upregulation
of pro-inflammatory cytokines.” Indeed, we observed the
IL-1pB induction and the remarkable increase of TNF-o and
IL-6 secretion in LPS-stimulated monocytes compared with
unstimulated cells (Figure 2).

Once verified the in vitro inflammatory model, we
tested the efficacy of the active capsule compared with
placebo, by dissolving the lactose-saccharose globules in
cell medium at 5 concentrations (from 1.37 to 22 mM). The
graphs in Figures 3 and 4 show that the active globules, at
3 tested lactose-saccharose concentrations (5.5, 11, and 22
mM), exert significant anti-inflammatory effects compared
with placebo and untreated LPS control on primary LPS-
stimulated enriched monocytes reducing IL-1p and TNF-o
release of about 10%-30%. The observed effect on IL-6
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Figure 6 Single donor responses to diluted placebo or active globules.

Notes: The graphs in the figure represent the percentage of IL-1B (A, B), TNF-a (C, D), and IL-6 (E, F) release (vs LPS control, 100%) of primary enriched monocytes
from 6 donors, exposed to 10 ng/mL of LPS for 24 hours and treated with | capsule of 2LARTH® (Active) or placebo at 2 lactose-saccharose globules concentrations (1|

and 22 mM). Data are expressed as mean * SD percentage (vs LPS control, 100%).
Abbreviations: LPS, lipopolysaccharide; TNF, tumor necrosis factor.

release is less pronounced (Figure 5); also, we noticed a
higher intra-individual variability between donors (Figure 6).
In the meantime, the graphs in Figure 6 show that all primary
cells responded to the treatment secreting lower cytokines
levels compared with placebo.

ULD of the pro-inflammatory cytokines IL-1[3 and TNF-o.
have reduced the secretion of both cytokines in human LPS-
activated monocytes, an in vitro inflammatory model. These
results might astonish. In addition, the formula contains
ULD of IL-2, a powerful activator of human monocyte, too;
it induces increased secretion of IL-13, TNF-o., and IL-6.21-%
However, we have observed that its use at ULD, together with
ULD of IL-1B and TNF-q, is associated with an opposite

effect: human LPS-inflamed monocytes reacted by secreting
lower levels of pro-inflammatory cytokines.

The mode of action of ULD is unknown. We hypoth-
esize that the anti-inflammatory effect of the tested MI
medicine is attributed to ULD of IL-1f, TNF-q, and IL-2,
and that it is mediated by hormetic responses that can drive
to a state of “adaptation” that tends toward the homeostasis
(Figure 7).

The “hormesis” concept describes a phenomenon first
observed by the pharmacologist and toxicologist Schulz, dur-
ing his multiple chemical tests on yeast,? and further studied
by Calabrese. It consists of cellular biphasic dose—response
curve induced by a substance, or a molecule, and can be

Journal of Inflammation Research 2018:1 |

submit your manuscript

403

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Floris et al Dove
High dose Ultra-low dose
LPS
TNF-o. IL-2 TNF-a IL-2
LPS TNF-a IL-1B
IL-6 TNF-a
LPS LPS IL-1B
Hormetic responses
Adaptation
TNF-o TNF-a
TNF-a
IL-6 TNF-o Inflammation Toward homeostasis
IL-6
TNF-a IL-6

Figure 7 Hormesis: proposed mechanism of ULD MI medicines.

Notes: Human monocytes exposed to the bacterial endotoxin LPS respond by expressing pro-inflammatory cytokines, which, in turn, induce further cytokines production
and secretion, by an amplification system called “autoinduction”. The scheme shows what is hypothesized as the mechanism of action of the tested product and ULD
medicines: pro-inflammatory cytokines at ULD employ hormetic responses and an ensuing “state of adaptation” able to drive the cells/organism toward homeostasis.
Abbreviations: LPS, lipopolysaccharide; MI, micro-immunotherapy; TNF, tumor necrosis factor; ULD, ultra-low doses.

graphically represented as an inverted U-shaped or J-shaped
dose-response curve.***

Hormesis can have a wide range of biological implica-
tions and it has been applied to immune-related responses,
hence, it could be exploited to improve therapeutic strategies
and clinical outcomes.”>?

At the molecular level, hormesis might be explained with
the existence of receptors having different ligand affinity
for the same substance. More recently, hormesis has been
associated with the murburn concept, which consists of a
“reaction outside the active site”, induced by a diffusible
reactive species, and produced, stabilized or modulated
by an enzyme.”” We are aware that many questions are still
unanswered, that more studies and a systematic approach are
needed to confirm our hypothesis. Here, we are describing
preliminary data to pose the basis into the mode of action of
ULD and MI medicines.

The present manuscript reports a beneficial effect of the
tested MI medicine in an in vitro model of inflammation:
human primary enriched monocytes (n=6) that responded
to LPS inducing IL-1P release and, in turn, the release of
the other pro-inflammatory cytokines involved in the inflam-
matory amplification system, TNF-a, and IL-6. The active
globules have reverted the tendency, causing a~10%-30%
reduction of IL-1P and TNF-a secretion, “disturbing” the

positive loop that establishes and maintains the chronic
inflammation.

Upcoming in vitro experiments might investigate
whether longer exposure to 2LARTH® can enhance that
anti-inflammatory effect, or not. Further studies are
necessary to explore more deeply the mode of action of
pro-inflammatory cytokines at ULD, and to know which
pathways are involved. In addition, subsequent clinical trials
can be planned to demonstrate its efficacy to treat patients
suffering from RD.
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