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A B S T R A C T

Side effect is one of the main factors affecting the success of cancer therapies in clinic. Patients treated with
photodynamic therapy (PDT) suffer mainly from the phototoxicity due to the relatively long time blood circu-
lation of the tumor enrichment and they have also to be protected from background light for days after the
treatment. Here we introduce a new design of nanophotosensitizers in which the luminescence upconversion
nanoparticles loaded with photosensitizers are self-assembled into a nanoball with the aid of a specific pH-
sensitive polymer layer containing overloaded photosensitizers and quenching molecules. This design makes the
therapy function “off/on” possible, i.e. only imaging during the circulation of the nanoballs ascribing to the near-
infrared (NIR) photon upconversion of the nanoballs and the pH-sensitive shell. Activation of PDT solely occurs
once the nanoballs are taken up by the cancer cells due to the acidic microenvironment. This design prevents
effectively the photodamage of the photosensitizers during enrichment and targeting process of tumor, as va-
lidated in vitro and in vivo, which enables imaging-guided PDT treatment of deep-seated tumor in a much more
relax and comfortable way for patients. This patient-friendly nanomaterial construction strategy can also be
extended to other therapies.

1. Introduction

Current cancer therapies are confronted with various challenges
despite the great progress in targeting efficiency of past decade [1–4].
Photodynamic therapy (PDT), for example, as a non-invasive metho-
dology in clinic [5–7] is concerned with the phototoxicity of normal
tissue during the course triggered by surrounding light, i.e. PDT is in
“always-on” mode [8–11], (2) limited tissue penetration depth due to
the excitation requirement of the UV/Visible light [12,13], and (3) poor
tumor accumulation [14,15]. With the advance of nanotechnology,
theranostic nanoplatforms wherein imaging and PDT are integrated
into a smart “all-in-one” platform have become possible which im-
proves the efficacy of this methodology [16–19]. The power of these
new theranostic nanoplatforms is, however, often reduced by the de-
leterious photoactivation during their blood circulation. In order to
minimize the phototoxicity in non-therapeutic process, controlled ac-
tivation of therapy, i.e. “off-on” strategy, with therapy subject to tumor

and/or intracellular microenvironments, such as pH, glutathione, or
enzymes, has been introduced [20–22]. Majority of the nanoplatforms
are based on organic fluorescent molecules or polymer photosensitizers
(PSs) in which the excitation of visible light limits the penetration
depth. More critically, the fluorescence used for imaging/diagnosis has
to be abandoned in order to avoid PDT effect before enrichment in the
lesion area. On the contrary, near-infrared (NIR) light responsive in-
organic upconversion nanoparticles (UCNPs) capable of converting the
NIR photons to UV and/or visible photons are regarded as a very pro-
mising candidate of theranostic nanoplatforms to improve the cancer
imaging and curative effect of the PDT at deep tissues [17,23,24].
Upconversion nanoplatform owns the merit of stable emission of high
specificity and narrow bands, deep tissue penetration since the NIR
excitation falls in the optical biological window [25–27], minimal au-
tofluorescence background, much less light scattering compared to UV/
visible light and low photodamage of tissue. Nowadays, study of PDT
oriented UCNPs focuses on two aspects. One is to improve the
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