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Titanium and gold nanoparticles in asthma: the bad

and the ugly
S. Lanone*,# and J. Boczkowski*,#,"

E
ngineered nanomaterials (ENMs) are defined as having
at least one dimension f100 nm [1]. When ENMs have
three dimensions f100 nm they are called nanoparticles

(NPs). ENMs have attracted a great deal of attention recently
because their many technologically interesting properties have
led to technological growth with ensuing economic rewards [2].
Technologies involving ENMs are envisaged to become the
cornerstone for a number of industrial sectors, such as micro-
electronics, materials, paper, textiles, energy, cosmetics and
medical devices, all capable of incorporating some nanoscale-
enabled properties into their products [2]. By 2015, the annual
profit from ENM-based products is estimated to be US$1.1–2.5
trillion [3]. Today, ENMs can be found in more than 1,000
consumer products [4]. By 2015, 2 million workers will be
needed to support nanotechnology industries worldwide [5].
However, some of the properties of ENMs that are unique and
beneficial for technological applications may also endanger
human health, inducing cyto- and genotoxic effects, inflammation
and even cancer [6–12]. Inflammatory effects are particularly
important [13–15]. Free radical activity or oxidative capacity
of particulate matter might be essential for provoking these
inflammatory responses.

The physico-chemical features of ENMs that account for their
deleterious health effects include a large ratio of surface area to
mass and associated increased surface reactivity, altered
physico-chemical properties, such as changes in melting point,
solubility or electrical conductivity, or changes, for example, in
the crystalline structure of the materials [16–20]. Therefore,
detailed evaluation of these characteristics is critical for the
understanding of the mechanisms by which ENMs elicit
biological responses.

The respiratory system is a critical route of exposure to
aerosolised ENM, by accident or by occupational exposure. A
rapidly increasing number of studies have evaluated the
respiratory effects of ENMs in different animal models
[21–23]. However, few of these studies have investigated the
effects of respiratory ENMs in models of respiratory disease.
This lack of investigation is important because 1) workers or
users of ENMs can have respiratory diseases, and 2) previous

studies of air pollution particles with similar dimensions as
those of ENMs (called ‘‘ultrafine particles’’) have been shown
to aggravate pulmonary diseases [24]. For example, PENTTINEN

et al. [25] showed that the concentration of particles in
ambient air, especially those in the ultrafine range, were nega-
tively associated with the respiratory health of adults with
asthma.

In the current issue of the European Respiratory Journal, HUSSAIN

et al. [26] report, for the first time, on the effects of two ENMs,
titanium dioxide (TiO2) and gold (Au) NPs, in a murine
model of toluene-2,4-diisocyanate-induced asthma. NPs were
administered by oropharyngeal aspiration after repeated
dermal sensitisation to diisocyanate. The day after NP
administration, animals were oropharyngeally challenged with
diisocyanate, and the next day, airway reactivity to metacho-
line was measured and bronchoalveolar lavage (BAL) inflam-
mation and lung histological features were analysed. The dose
of NPs, based on the current time-weighted average (TWA)
values for a single shift in TiO2 level, was 16 mg for a mouse
weighing 20 g.

The main results of the study can be classified into three groups:
1) effects of diisocyanate sensitisation and challenge not modi-
fied by either one of the two NPs (increase in matrix
metalloproteinase-9 in BAL, increase in serum immunoglobulin
E levels, increase in BAL eosinophils, increase in airway
hyperresponsiveness (AHR; only in the case of TiO2); 2) effects
induced by both NPs in diisocyanate-sensitised and -challenged
animals (increase in macrophage inflammatory protein-2 in
BAL, increase in macrophages and neutrophils in BAL, lung
macrophages infiltration); and 3) effects induced only by Au
NPs in diisocyanate-sensitised and -challenged animals (poten-
tiation of the increase in AHR, diminished tumour necrosis
factor (TNF) secretion in BAL, and lung tissue oedema and
epithelial damage). The last two types of effects of NPs were not
observed in animals not exposed to diisocyanate. The last two
types of effects were not observed in animals not exposed to
diisocyanate.

Therefore, both NPs modified some features of the
diisocyanate-induced asthma model: TiO2 NPs induced lung
macrophage and neutrophil recruitment without affecting
AHR, whereas Au NPs induced these effects along with lung
tissue oedema, epithelial damage and potentiation of AHR.
Neither NP induced biological responses in nonsensitised and
challenged animals. Taken together, these results are very
interesting and open new areas of research in the field of
nanotoxicology.
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Several points can be discussed concerning this study. The first
is the relevance of the dose of NPs examined. This dose
(0.8 mg?kg-1), based on exposure conditions of workers, is in
the lower range of doses currently used in different studies, at
least for TiO2 (1–5 mg?kg-1). This dose can explain that, in
absence of diisocyanate administration, TiO2 NPs did not elicit
any inflammatory effect and did not modify airway reactivity,
which agrees with previous data from WARHEIT et al. [27]. The
rationale of the authors’ choice of dose (extrapolation of
current TWA values for a single shift in TiO2 level) is clearly
relevant in terms of worker exposure. This point is important
because it means that respiratory exposure to ENMs does not
always induce lung inflammation, at least in a short-term
evaluation. However, the question still remains regarding
accumulation of ENMs after repeated exposure. Moreover, the
metric of particle exposure is under discussion [28, 29]. Indeed,
in addition to ‘‘mass’’ (as used in the present study), and
taking into account the various physico-chemical features of
ENMs involved in deleterious health effects described before,
ENM particle surface area has been suggested as appropriate
for evaluating ENM exposure, and may result in a meaningful
dose–effect curve [30]. However, this measurement has not
been evaluated in animal models of disease, in which the
mechanism(s) of action of ENMs could differ from those
underlying their effects in healthy animals. Experimental
models such as that used by HUSSAIN et al. [26] could help
determine whether particle surface area and/or number could
be used when analysing the effects of ENMs in the context of
respiratory diseases.

As HUSSAIN et al. [26] mention, few data are available on the
effects of pulmonary exposure to Au NPs and, therefore,
understanding all the implications of their findings is difficult,
particularly the difference they observed between the Au and
TiO2 effects, although both NPs were similarly internalised by
macrophages. One explanation for the difference could be a
pro-autophagic effect of Au NPs [31], which has not yet been
reported for TiO2 NPs. Autophagy is an evolutionarily
conserved simple process by which cells target their own
cellular organelles and long-lived protein degradation.
Autophagy has recently been shown to be involved in many
biological aspects, including host defence, cell survival and
death, cancer, and innate and adaptive immunity [32].
Au-induced autophagy of epithelial cells could explain the
epithelial damage, oedema and increase in AHR HUSSAIN et al.
[26] observed. Autophagy is regulated by various T-helper
(Th) type 1 and Th2 cytokines such as interferon-c, interleukin
(IL)-4 and IL-13 that are involved in asthma. The authors did
not measure the levels of these cytokines, although the absence
of change in BAL eosinophil numbers in their animal model of
asthma with administration of both NPs argues against an
increase in production of IL-4. However, examining the
occurrence of autophagy in this animal model of asthma with
administration of both NPs would be interesting, as would
quantifying the levels of the cytokines involved in the
induction of autophagy in the model of asthma used by
HUSSAIN et al. [26], particularly in the auricular lymph nodes.
Indeed, previous work has demonstrated that in this model,
BAL is not the most relevant compartment to look at [33].

Of note, the only cytokine whose expression was modulated by
NP administration in the HUSSAIN et al. [26] model of asthma

was TNF-a, whose expression was downregulated after Au NP
administration. This finding is intriguing, because these
animals showed an increase in AHR, whereas asthmatic
animals receiving TiO2 NPs did not. Furthermore, TNF-a
levels are increased in patients with asthma [34]. This result
suggests that TNF-a does not play a role in the increase in AHR
elicited by Au NPs. In accordance, anti-TNF strategies with
initial promise in asthma were found effective in only a
relatively small subgroup of patients with severe asthma [34],
thus ruling out a unique role for TNF in the pathophysiology
of asthma. The mechanism(s) of the downregulation of TNF-a
by Au NPs remains to be elucidated.

In conclusion, the study reported by HUSSAIN et al. [26] in this
issue shows evidence of the potential aggravating effects of
NPs in the context of chemically induced occupational asthma
and opens new doors into gaps in knowledge that need to be
filled by further studies, in order to better understand the
underlying mechanisms of these effects.
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