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Summary

It is well recognised that the historical timeline required for
developing a drug, beginning with target identification and
validation, is long and often tedious. It requires a large set
of competences in various areas of molecular and cellular
biology, chemistry, pharmacology, imaging, and model ani-
mal experimentation. Once the active molecule appears to
be ready for human testing in controlled clinical trials, then
the question arises of how to formulate it to render it sta-
ble, adequately packaged, according to the chosen route
of administration, and bioavailable to reach its target in the
affected organs. Historically, excipients have been consid-
ered inert and devoid of medicinal effect or influence. In
fact, excipients are seldom neutral and some of them have
been found to play a significant role, for example by ini-
tiating or participating in chemical and physical interac-
tions with the active substance, leading in certain cases
to compromise its therapeutic activity. It is difficult today to
appreciate the number of potential drugs that have been
discarded as a result of limited efficacy due to inappro-
priate excipients. This matter is presented here, with the
peptide P140 (Lupuzor™) as example. Two formulations
of P140, differing in the excipients used (mannitol or tre-
halose), have been evaluated in patients affected by sys-
temic lupus erythematosus in two successive phase IIb
clinical trials. P140 was shown to reduce excessive au-
tophagy activity discovered in some lupus immune cell
subsets. One of the two excipients, namely trehalose, has
been claimed to exert an intrinsic stimulating activity on
autophagy process, which was found therefore to counter-
act the beneficial peptide effects.
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Introduction

In France, the recent controversy about Levothyrox
(levothyroxine or L-thyroxine) raised awareness of un-
avoidable components of medicines, the excipients. These
components, also called fillers, package bioactive mole-

cules to render them administrable to patients. In the case
of Levothyrox tablets, lactose was replaced by mannitol,
and citric acid was added as preservative. Levothyrox is
principally given to patients with primary (thyroidal), sec-
ondary (pituitary) or tertiary (hypothalamic) congenital or
acquired hypothyroidism. Widespread reports of side ef-
fects apparently linked to the change in the Levothyrox
formulation forced the producer to return to the first ver-
sion of its drug.
These unfortunate events, and others that had been previ-
ously reported, deserve serious attention in the scientific
community. Harmless components, such as gelatine, car-
rageenan and many others (including dimethyl sulphoxide
at very low dose [1]), are often used as additives to food,
cosmetics and also, in some cases, to vaccines. In sensitive
individuals, such components, which are appropriately
said to be “safe” by the health regulatory agencies, can
nevertheless induce unwanted deleterious effects that can
affect the general status of patients and healthy (vaccinat-
ed) individuals.
Beyond the situation of Levothyrox and examples of in-
appropriate usages of excipients that have been reported
previously in the specialised literature [2] and sometimes
widely related in the media, the focus of this short review
mainly concerns research made upstream, and the design
of preclinical and clinical trials.
When preclinical studies are conducted in animal models,
active molecules are generally administered in neutral me-
dia, such as NaCl 9 g/l or dimethyl sulphoxide 0.1–3% (v/
v), depending on the route of administration and the sol-
ubility of the bioactive compound. Successful candidate
molecules that finally enter into clinical trials are then for-
mulated to obtain the final medicinal product and adminis-
tered to healthy volunteers and patients. A number of ex-
cipients have been validated by the US Food and Drug
Administration (FDA), the European Medicines Agency,
the European/US Pharmacopoeia, and other drug agencies.
Pharmaceutical excipients are defined in USP General
Chapter <1078> Good Manufacturing Practices for Bulk
Pharmaceutical Excipients as follows [3]: “Pharmaceutical
excipients are substances other than the active pharmaceu-

Correspondence:
Sylviane Muller, PhD,
UMR7242 CNRS/Université
de Strasbourg, Biotechnolo-
gie et Signalisation Cellu-
laire ; équipe Neuroim-
munologie et thérapie
peptidique, Institut de sci-
ence et d'ingénierie
supramoléculaires (ISIS), 8,
Allée Gaspard Monge,
FR-67000 Strasbourg, syl-
viane.muller[at]unistra.fr

Swiss Medical Weekly · PDF of the online version · www.smw.ch

Published under the copyright license “Attribution – Non-Commercial – No Derivatives 4.0”.
No commercial reuse without permission. See http://emh.ch/en/services/permissions.html.

Page 1 of 7



tical ingredient that have been appropriately evaluated for
safety and are intentionally included in a drug delivery sys-
tem. For example, excipients can aid in the processing of
the drug delivery system during its manufacture; protect,
support, or enhance stability, bioavailability, or patient ac-
ceptability; assist in product identification; and enhance
other attributes of the overall safety, effectiveness, or deliv-
ery of the drug during storage or use.” A similar definition
of excipients is given by the International Pharmaceutical
Excipients Council [4]. I refer interested readers to spe-
cialised publications reporting exhaustive information on
excipients commonly used nowadays and emphasising the
advantages and limitations, even some major drawbacks
and dangers, displayed by some of them [5–8].
A key decision is selection of the excipients most appro-
priate for the type of molecule, its inherent pharmacologi-
cal properties (solubility, stability, pharmacodynamics) and
route of administration. As conducting clinical trials is ex-
pensive and time-consuming, it is generally impossible to
evaluate a variety of excipients in humans. The decisions
that are taken are therefore the result of empirical consid-
erations and past experience.
As mentioned above, it is assumed that excipients are in-
active ingredients that are added to the active drug to pro-
tect the latter from oxidation and too fast degradation at the
site of administration, favour its pharmacokinetics, and fa-
cilitate its physiological absorption and bioavailability. In
some cases, excipients acting as sweeteners can also im-
prove the taste of the active drug. Others are incorporat-
ed to colour the final medicinal product to allow its dif-
ferentiation from other pharmaceuticals and consequently
avoid some medication mistakes. These so-called function-
al properties (e.g., antioxidative preservative, diluent, lu-
bricant, or glidant) clearly require that the excipient inter-
acts, at least transiently, with the bioactive compound. It is
undeniable that, through this interaction, the additive can
potentially alter the intrinsic properties of the active drug,
and even abolish and/or counterbalance its therapeutic ac-
tivity. To ensure that this is not the case, in addition to the
excipient- or vehicle-controlled studies that we routinely
include in the preclinical phases, we should also systemat-
ically include additional arms in which structurally similar
inactive molecules formulated with the same conditioning
medium are tested in parallel.
The choice of excipients is therefore central in the drug
development process. It is not a step “secondary” to the
production of new medicines, and their selection has to be
carefully planned at a very early stage, upstream of the re-
search into the beneficial drug effects. A bad choice of ex-
cipient can counteract drug development by modifying or
masking its activity. Some so-called excipients also dis-
play bioactivity themselves, alone or in association with
the active component, and these activities can lead to un-
wanted effects in patients. This is the case, for instance,
with castor oil, which is well-accepted as a vehicle, solvent
and plasticiser, but which is also prescribed as a laxative.
The disaccharide trehalose, is also a well-known excipient,
used primarily as a freeze-drying agent. It also exhibit oth-
er properties [9] and is used, for example, in ophthalmic
solutions to ensuring the protection, hydration and lubri-
cation of the ocular surface (Thealoz Duo®, laboratoires
Thea, Clermont-Ferrand, France [10, 11]), or as an agent to
improve bone metabolism and prevent osteoporosis [12].

Based on the finding that trehalose stabilises aggregation-
prone proteins, this sugar has also been evaluated in pro-
teinopathies such as Huntington’s chorea and Alzheimer’s
disease [13–16]. In the case of the P140/Lupuzor™ clinical
trial, however, trehalose used as an excipient instead of
mannitol had negative influence that could have had se-
rious consequences, but fortunately led only to an unsuc-
cessful trial [17]. At the scientific level, we took advantage
of this bad experience to reinforce our knowledge of the
mode of action of P140 peptide [18, 19].

A brief history of P140 peptide and its preclini-
cal evaluation in mouse models

A peptide corresponding to the sequence 131–151 of the
spliceosomal U1-snRNP 70K protein has been found to
contain an epitope recognised by T cells in lupus [20, 21].
On exposure to this peptide, autoreactive CD4+ T cells col-
lected from lupus-prone MRL/lpr mice underwent prolif-
eration and secreted interleukin-2. These mutant mice, de-
rived from original crosses among strains LG, AKR, C3H,
and C57BL/6 at the North American Jackson Laborato-
ry, show systemic autoimmunity, massive lymphadenopa-
thy associated with proliferation of aberrant T cells, arthri-
tis, and immune complex glomerulonephritis. They are a
model for systemic lupus erythematosus (SLE)-like au-
toimmune syndromes. Subsequent studies with peptide
131–151 in this mouse model of lupus identified an ana-
logue of the nominal sequence 131–151 in which the serine
at position 140 is phosphorylated (hence called P140) [22].
In the widely available MRL/lpr mouse model, lupus-like
disease correlates with proteinuria (an indicator of renal
failure) and high serum levels of anti-double-stranded
DNA antibody (anti-dsDNA Ab), both of which were
found to be significantly attenuated by P140 peptide [22],
demonstrating the ability of the phosphorylated form of
131–151 to reduce disease progression and severity, and
mortality in a severe lupus-prone mouse model (fig. 1A).
P140 also lowered the hypercellularity (fig. 1B) that is typ-
ically observed in the peripheral blood of MRL/lpr mice
[18, 23].
Determination of the mode of action of P140 in lupus indi-
viduals has been an area of active investigation in our labo-
ratory for several years, with the MRL/lpr mouse used as a
model system. Experiments designed to identify the cellu-
lar receptor for P140 demonstrated binding of the peptide
to the constitutively expressed chaperone protein HSPA8/
HSC70 on the surface of cells [24]. The expression of
HSPA8 and of major histocompatibility class-II (MHCII)
molecules that are abnormally elevated in splenic B cells
from MRL/lpr mice compared with those isolated from
CBA/J control mice was decreased on upon treatment with
P140 [23]. Since we knew from the existing literature that
HSPA8 plays a central role in autophagy and therefore in-
fluences the loading of endogenous peptides onto MHCII
molecules in the so-called late endosomal MIIC compart-
ment, the effect of P140 on autophagy was examined. We
found that autophagy markers accumulated in MRL/lpr B
cells treated with P140, suggesting that the peptide de-
creased the macroautophagic flux that we found to be ab-
normally elevated in this mouse [23, 25, 26]. Later on,
it was demonstrated that the primary target of P140 is
chaperone-mediated autophagy (CMA), with implication
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of macroautophagy processes [27]. CMA was found to be
hyperactivated in MRL/lpr lupus mice and significantly at-
tenuated after P140 in vivo treatment. As a working hy-
pothesis, these results, and notably the downregulation of
excessive CMA processes, are interpreted to indicate that
the mode of action of P140 involves a decrease in autoanti-
gen processing in MRL/lpr antigen-presenting B cells, re-
sulting in a decrease of MHCII expression followed by
a reduction of autoreactive T-cell priming and signalling
(fig. 2). Past studies, which were not fully understood
when our publications came out, have effectively shown
that, compared with CD4+ T cells from untreated mice,
CD4+ T cells from P140-treated MRL/lpr mice reacted
poorly with peptides containing self-T cell epitopes [28].
Consequently, this effect on T helper cells leads to much
weaker activation of B cells, which no longer maturate into
plasma cells that secrete deleterious antibodies ([29, 30]
Schall, Muller et al. unpublished; fig. 2). Step by step, this
mode of action of P140 peptide has been confirmed us-
ing B cells from normal individuals and patients with SLE
[29].
A remarkable observation is that P140-treatment has no ef-
fect in MRL/lpr mice on T- or B-cell reactivity to non-self
(e.g., viral) peptides. Compared with MRL/lpr mice that
received saline, P140-treated MRL/lpr mice normally re-
spond to a viral challenge and mount specific CD4+ T cell
and antibody responses of equal magnitude [28]. MRL/lpr
mice that are pre-treated or not with P140 peptide devel-
op equally potent IgG antibody responses to a foreign im-

munogen, ovalbumin (Schall, Muller, et al., unpublished).
Based on all these data, we concluded that P140 displays
immunomodulatory (but not immunosuppressive) effects
on antigen-presenting cells, T and B cells, resulting in fine
in the observed therapeutic effects summarised in figures 1
and 2.

Clinical investigations of P140/Lupuzor™ in lu-
pus patients

Following our very promising results in MRL/lpr mice that
develop a severe lupus disease and the regulatory safety
investigations that are required before administrating any
product to human, an open phase IIa clinical study was
performed in 2006 by the young company ImmuPharma
(Mulhouse/London). It included 20 patients with lupus in
two clinical centres in Bulgaria. This preliminary trial al-
lowed us to determine that a 200-µg dose of P140 peptide
conditioned in 5.4% mannitol (Lupuzor™) and given sub-
cutaneously to patients reduced the Systemic Lupus Ery-
thematosus Disease Activity Index (SLEDAI) score and
levels of anti-dsDNA Ab [30]. The peptide was a white
to off-white, amorphous powder and was supplied in sin-
gle-dose glass vials as a lyophilised product for reconstitu-
tion. A phase IIb clinical study was then designed and con-
ducted by ImmuPharma [17, 31]. This phase IIb trial was a
double-blind, randomised, placebo-controlled study in pa-
tients and the purpose was to assess the safety, tolerabili-
ty, biological activity and efficacy of Lupuzor™ in combi-
nation with standard of care therapy (SOC). Patients who

Figure 1: Therapeutic effects of P140 treatment in MRL/lpr mice. A. Long-term effect of P140 peptide on the survival of MRL/lpr mice (69
female mice per group corresponding to eight different experiments performed over 4 years). Pre-autoimmune MRL/lpr mice were treated with
either saline or P140 (four doses of 100 µg, given intravenously at 4, 6, 8 and 12 weeks of age). The arrows represent injection timepoints.
The median lifespan was 25 weeks in the untreated group vs 35 weeks in the P140-treated group (p <0.0001 using both the log-rank (Mantel-
Cox) test and the Gehan-Breslow-Wilcoxon test). B. Effect of autophagy enhancers and blockers on peripheral hypercellularity in MRL/lpr
mice. Female MRL/lpr (11–13 weeks old) each received a single intravenous administration of 100 µg P140 in either saline or 10% trehalose,
or 100 µg rapamycin or 100 µg hydroxychloroquine (HCQ). The control groups received saline or trehalose only. The number of leukocytes/ml
was evaluated by counting cells 5 days later. Each symbol represents one individual mouse (n, number of mice/group). The results are ex-
pressed as the means ± standard deviation. The horizontal bars represent the respective average cell count values. Statistical significance
was assessed using the Student’s t-test.
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met ≥4 of the American College of Rheumatology criteria,
had a score of ≥6 on the SLE Disease Activity Index-2000
(SLEDAI-2K), and did not have an A score on the British
Isles Lupus Assessment Group (BILAG)-2004 scale were
eligible. They were randomly assigned to receive subcuta-
neous injections of Lupuzor™ (200 μg) every 4 weeks (n =
49; group 1) or every 2 weeks (n = 52; group 2) or placebo
(n = 49; group 3) in addition to SOC. For efficacy analysis
at week 12, results were available for 147 patients (49, 51
and 47 patients in groups 1, 2 and 3, respectively). The tar-
get population (136 patients in the intention-to-treat [ITT]
population) comprised patients having a clinical SLEDAI
score of at least 6 points at week 0. The clinical SLEDAI
score is the SLEDAI-2K score omitting low complement
increased DNA binding components. In the total ITT pop-
ulation, 53.1% (26 patients; p = 0.048), 45.1% (23 patients;
p = 0.185), and 36.2% (17 patients), respectively, achieved
a response at week 12 according to the SLE Response In-
dex (SRI) combined score response, which was the prima-
ry efficacy endpoint. In the target population, the results
were more impressive: 61.9% (p <0.025), 47.9% (not sig-
nificant) and 38.6%, respectively, achieved a SRI response
at week 12. The most common adverse event was injec-
tion-site erythema, which was generally mild. An interim
analysis including 114 randomised patients out of the tar-
get population was also performed; this demonstrated sig-

nificantly better efficacy (according to SLEDAI score) of
Lupuzor™ 200 µg/month compared with placebo (67.6%
vs. 41.5%; p<0.025) at week 12 and (84.2% vs. 45.8%;
p<0.025) at week 24. From this pivotal study it was con-
cluded that Lupuzor™ administered three times, once a
month, together with standard therapy was safe and well-
tolerated, with no significant drug-related adverse events
recorded, and was effective in lupus patients [31].
Following this successful phase IIb clinical study, the ef-
ficacy of a P140 peptide-based strategy in lupus patients
was evaluated in a second phase IIb trial by the biophar-
maceutical company Cephalon (Frazer, Pennsylvania). In
this study, 10% trehalose was used as excipient (Foriger-
imod, CEP-33457) instead of mannitol. The clinical data
that were reported indicated a negative impact of this ex-
cipient on the efficacy of the peptide [17, 19]. In the open
label follow-up of 11 patients given Forigerimod following
the CEP-33457 phase IIb clinical trial, it was observed
that, unlike Lupuzor™, there was no apparent response for
several months, the peptide in trehalose even tending to be
less effective than placebo. Approximately 6 months lat-
er clear-cut improvements in response measures were ob-
served, suggesting that at this stage the negative influence
of trehalose was overcome [19]. A phase III clinical study
(with a Special Protocol Assessment and “Fast Track” des-
ignation from the FDA) is currently being conducted by

Figure 2: Schematic representation of the mode of action of P140. Right side: In antigen presenting cells (APCs), lysosomal compart-
ments (lysosomes and autophagosomes) derive to MIIC. In this compartment, antigenic peptides resulting from endogenous processing sys-
tems (e.g., autophagy, proteasome; dotted arrow) and exogenous pathways of antigen processing, are loaded onto MHCII molecules, which
are then presented to the plasma membrane (thin arrows) and able in this context to recruit/activate CD4+ T cells via their receptor (TCR).
This step requires co-stimulatory molecules expressed by T cells such as CD28, which interacts with CD80 (B7.1) and CD86 (B7.2) on the
membrane of the APC, or CD40 ligand, which is primarily expressed on activated T cells. In lupus, which is characterised by dysfunction of T
cells, polyclonal B-cell activation and failures occurring in several immune compartments, the cascade of events is hyperactivated (differentia-
tion of T cells, autoreactive B cells, maturation into plasma cells and production of autoantibodies). Pro-inflammatory cytokines and
chemokines are produced by these hyperactivated lymphocytes. Autoantibodies, alone or linked to self-antigens (forming thus circulating im-
mune complexes) can induce inflammatory reactions after their deposition in targeted tissues. Left side: In the presence of P140 peptide, the
whole (hyperactivated) process is slowed. Shortly after its intravenous administration to MRL/lpr mice, P140 enters MRL/lpr B-lymphocytes
acting as APCs via a clathrin-dependent endo-lysosomal pathway and accumulates at the lysosomal lumen where it can interact with lysoso-
mal HSPA8 and hamper its chaperone function in CMA (experimentally shown in vitro). This correlates with the observation that P140 de-
creases the overexpression of LAMP2A (a rate limiting factor in CMA) in MRL/lpr B cells in vivo and of MHCII molecules. Loss of HSPA8 chap-
eroning function and destabilisation of LAMP2A induced by P140 may thus interfere with the endogenous (auto)antigen processing and
loading to MHCII molecules, which are then destabilised, leading to lower (or no more) activation of autoreactive T cells and B cells, and con-
sequently to an improvement of autoimmune condition observed in mice and patients with lupus.
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Immupharma based on Lupuzor™ (P140 in mannitol) in
Europe, US and Mauritius.

Trehalose, an activator of autophagy, severely
interferes with the beneficial effect of P140
peptide.

We have shown that P140 treatment rescues lupus mice
from both macroautophagy and CMA hyperactivation [23,
27, 32]. In parallel, we also have pertinent experimental
information from the literature that trehalose acts as an
enhancer of autophagy [14, 33–36]. We therefore did a
number of control experiments to better define the con-
sequences of using trehalose together with P140 [18, 19].
When compared with the efficacy of P140 in 9 g/l NaCl or
5.4% mannitol, P140 in 10% trehalose was much less ef-
ficient at reducing peripheral cell counts (fig. 1B). The ef-
fect of the blocker rapamycin and activator hydroxychloro-
quine (fig. 3) tested in the same conditions is shown for
comparison in figure 1B (although it presents some risk,
the antimalarial hydroxychloroquine is still widely used for
treating lupus patients [37, 38]). To observe a significant
effect of P140 in trehalose, the dose of the peptide had to
be at least doubled in mice [18]. We noticed a great vari-
ability of response in the group of mice that received the
P140 in trehalose and, more dramatically, that some mice
of this group displayed very low blood cell counts, a fea-
ture that was never observed when P140 was conditioned
with mannitol or saline [18]. This severe peripheral deple-
tion of blood cells might reflect extensive death of pre-
activated cells. P140 in trehalose was also less efficient

than P140 in mannitol or saline at reducing human leuko-
cyte antigen (HLA) DR class II molecule expression on the
surface of human B cells [19]. HLA-DR is a MHCII cell
surface receptor encoded by HLA complex on 6p21.31.
The level of circulating plasmocytes expressing CD45R/
B220-CD138, as measured with flow cytometry analysis,
remained low in all groups of mice with, however, unequal
results in mice that received the P140 trehalose formula-
tion. Even more impressive was the finding that trehalose
administrated alone, without any peptide, tended to accel-
erate the course of lupus disease in young MRL/lpr mice
(affecting both levels of proteinuria and survival) when
compared to saline only, a harmful effect that disappeared
after the cessation of trehalose administration [19].
These data very clearly indicate that trehalose is not rec-
ommended and should be systematically avoided in lupus
conditions. The disaccharide, like rapamycin, is a potent
autophagy enhancer that increases autophagic flux in a va-
riety of mammalian cells (fig. 3). However, in contrast to
rapamycin, which acts by the inhibiting mammalian target
of rapamycin (mTOR) complex 1, trehalose enhances au-
tophagy via an mTOR-independent pathway [16, 39–44]
(fig. 3). The mode of action of trehalose, which remained
elusive until recently, has been elucidated in part, which
supports some beneficial effects of this molecule in pre-
vention or treatment of diseases related to autophagic de-
ficiency [44–46]. Important new insight into the biological
activity of trehalose was generated from studies performed
in the context of nonalcoholic fatty liver disease. DeBosh
et al. [44, 45] showed in this setting that trehalose reduces

Figure 3: Simplified scheme showing the process of macroautophagy and a partial list of known enhancers and inhibitors that can affect au-
tophagic activity.Abbreviations not defined in the text: ATG = autophagy related; 3-MA = 3-methyladenine; PE = phosphatidylethanolamine;
MAP1LC3B = microtubule-associated proteins 1A/1B light chain 3B; PI3K = phosphoinositide 3-kinase; SMER = small-molecule enhancers;
UBL = ubiquitin-like; VPs = vacuolar protein sorting
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the activity of glucose transporters GLUT 1, 2, 3 and 8
(also known as solute carrier 2A or SLC2A family) at
the plasma membrane, leading to the activation of adeno-
sine 5′-monophosphate-activated protein kinase (AMPK)
and the phosphorylation at Ser317 of autophagy-inducer ki-
nase unc-52-like kinase-1 (ULK1; fig. 3). The GLUT fam-
ily encompasses fourteen 12-transmembrane domain-con-
taining proteins that mediate uptake of hexoses, such as
fructose and glucose, across cellular membranes. GLUT2
and GLUT8, which transport fructose and glucose, are the
most abundant hepatic GLUTs. Although deciphering the
mode of action of trehalose in other settings is certainly
required, as its effects might differ in another cell context
[47], nowadays, there is a strong converging evidence to
suggest that exogenous sugars, such as trehalose, can im-
pair cellular energetics and induce autophagy [44].

Conclusion

The disaccharide trehalose, a glucose-glucose disaccharide
linked by an α,α-1,1-glycoside bond, is not a neutral com-
pound. It is a bioactive molecule able, in particular, to
enhance the autophagy flux in certain pathological situa-
tions. Used alone or in association with other autophagy
enhancers, trehalose might represent a good option to treat
conditions where the autophagy status is deficient (as in
nonalcoholic fatty liver disease and amyotrophic lateral
sclerosis, for example). Conversely, however, it can have
unfavourable effects when the autophagy status is abnor-
mally elevated (as in lupus and Crohn’s disease, for exam-
ple [48]). Close attention should be paid therefore to the
selection of excipients used with bioactive compounds.
Our data indicate that P140, a CMA blocker, has an op-
posite effect to trehalose, reinforcing further our assump-
tions about its mode of action. P140 diminishes the ex-
cessive autophagic flux in the spleen of murine models of
lupus [18, 23, 49]. It very significantly improves the clin-
ical course of the disease in sick MRL/lpr mice, with less
pronounced lupus-related renal damage and reduced cellu-
lar infiltrates in the salivary glands, a feature found in Sjö-
gren’s syndrome [22, 23, 49]. Conversely it aggravates the
disease in animal models of amyotrophic lateral sclerosis
[48, 50] and showed no effect in models of nonalcoholic
steatohepatitis (unpublished).
To conclude, our attention is more generally drawn to the
possibility that a number of clinical trials might have failed
due to the improper use of additives. Some of these sub-
stances, which are added to bioactive compounds to main-
tain or improve their stability, texture, bioavailability, or
just as excipients to fill the sealed container, can consid-
erably affect the metabolic pathways that are supposed to
be targeted by the bioactive drug. Since autophagy activity
appears to be increased in certain organs, tissues or cells,
while abnormally decreased in others in the same individ-
ual [49], high doses (or repeated daily doses) of excipients
that display multiple effects on autophagy should be used
with particular caution. More experimental work is certain-
ly necessary for unravelling the intricacies of this question.
This will be time consuming, but the result can be of the
greatest value to have fewer misunderstandings and false
information.
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