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Nano-Porous Silica Aerogels as Promising
Biomaterials for Oral Drug Delivery of Paclitaxel
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Not only dose oral administration have the highest safety, convenience and patient compliance, but also can improve
patients’ quality of life and reduce health care costs in many cases when compared to the parenteral route. However,
many drugs, especially most anticancer drugs such as paclitaxel (PTX), are not orally bioavailable, which is attributed
to low aqueous solubility, poor intestinal permeability, and the high level of P-glycoprotein (P-gp) efflux. In this study,
we developed a nano-porous silica aerogel delivery system for oral administration of PTX that improved the bioavailability,
reduced the side effects of the drug and inhibited tumor growth. The advantages of nano-porous silica aerogel include
very high porosities, vast specific surface areas, high drug-loading rate, high biological safety, excellent biocompatibil-
ity, and biological inertia, which can also be applied to a variety of drugs. The aerogel delivery system is a universal

pharmaceutical system that has huge potential in the field of pharmacy.
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INTRODUCTION

With the introduction of extensive application of combina-
torial chemistry and high-throughput screening technology
of novel drugs in research and development, the genera-
tion of new compound entities is growing rapidly. How-
ever, in many new compounds with physiological activity,
hydrophobic compounds are increasing and the propor-
tion may be as high as 40%.' Moreover, the proportion of
chemically synthesized candidate compounds is as high as
60%, and an estimated 90% of drugs that are currently in
development can be classified as poorly soluble.?* In the
development stage, up to 40%—-70% of the compounds
cannot produce a sufficient curative effect due to insuffi-
cient solubility. Therefore, the research and development
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of novel promising drugs takes time, requires a high input,
and the risk is high.* Many candidate compounds cannot
be orally absorbed and are less suitable to being directly
prepared for injections due to the problem of solubility,
therefore termination of the development is high, leading
to economic loss and a waste of resources.’

The pharmaceutical industry has developed multiple
methods for increasing the solubility of poorly solu-
ble drugs.>® Traditionally, salt formation was preferred
by medicinal and synthetic chemists."” Unfortunately,
only 20-30% of novel molecules can easily form salts,
therefore for 70-80% of those entities another route
must be identified to improve solubility.> The introduc-
tion of nano-technologies provides broad prospects for
the development of pharmaceutical compounds. In recent
decades, various nano-drug delivery systems, such as
emulsions,''™'7 solid lipid nanoparticles,'® ! micelles,?*
liposomes,®=3! nanoparticles of functional polymers,
nanocrystals,*>* and nano-drug-hydrogel composites’
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TSA restores hair follicle-inductive
capacity of skin-derived precursors
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© morphogenesis and regeneration. Multipotent skin-derived precursors (SKPs), which exhibit long term
Published online: 27 February 2019 : proliferation potential when being cultured in spheroids, have been shown to induce hair genesis and

* hairfollicle regeneration in mice, implying a therapeutic potential of SKPs in hair follicle regeneration
and bioengineering. However, the hair-inductive property of SKPs declines progressively upon ex

vivo culture expansion, suggesting that the expressions of the genes responsible for hair induction

are epigenetically unstable. In this study, we found that TSA markedly alleviated culture expansion
induced SKP senescence, increased the expression and activity of alkaline phosphatase (AP) in the cells
and importantly restored the hair inductive capacity of SKPs. TSA increased the acetylation level of
histone H3, including the K19/14 sites in the promoter regions of bone morphogenetic proteins (BMPs)
genes, which were associated with elevated gene expression and BMP signaling activity, suggesting a
potential attribution of BMP pathway in TSA induced recovery of the hair inductive capacity of SKPs.

. The genesis of the hair follicle relies on signals derived from mesenchymal cells in the dermis during skin mor-
. phogenesis and regeneration'—. Previous studies indicate that dermal papilla (DP) cells derived from the hair
. follicle are able to induce hair follicle formation*-. However, the application of DP cells in tissue engineering
. has been limited by their availability. The cells can only been isolated manually from large hair follicles in the
scalp and their hair-inductive property diminishes markedly upon culture expansion’®. Intriguingly, multipotent
skin-derived precursors (SKPs) have recently been shown to induce hair follicle formation. SKPs express Sox2
. and nestin, and exhibit long term proliferation potential when being cultured in spheroids®>>'°. When subcu-
© taneously injected in mice the cells were found to incorporate into the DP and induce hair genesis'’, and when
. transplanted in combination with epidermal stem cells into excisional wounds in mice, SKPs induced de novo
. hair genesis'". These results imply a potential application of SKPs in hair follicle regeneration and bioengineering.
However, the hair-inductive property of SKPs declines progressively upon ex vivo culture expansion'"'2, suggest-
ing that the expression of the genes responsible for hair induction are epigenetically unstable.
: Trichostatin A (TSA) is a potent and specific inhibitor of a histone deacetylase (HDAC) activity'>!“. It selec-
. tively inhibits the class I and IT, but not class III, mammalian HDAC families of enzymes!'®. Acetylation of K9 and
: K14 in histone H3 is required for the recruitment of TFIID'¢, and TFIID binding to the promoter causes DNA
. bending and downstream translocation of the SWI/SNF-modified nucleosome, which allows the initiation of
: transcription'. In our previous study, we have proved that the altered expression of these genes was closely asso-
. ciated with epigenetic dysregulation of histone H3 acetylation in K9 and K148, It has been shown previously that
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Isolation and Gultivation of Skin-Derived Precursors
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Abstract

Skin-derived precursors (SKPs) have been shown recently to be capable of inducing hair genesis and hair
follicle regeneration. Here, we describe a protocol for SKP isolation and culture based on our experience
and previous publications.
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1 Introduction

The formation of hair follicles relies on signals derived from the
dermis during skin morphogenesis and regeneration number
[1, 2]. Previous studies indicate that dermal papilla (DP) cells in
the hair follicle are able to induce hair genesis [3]. However, the
application of DP cells is limited by their availability. Recently,
multipotent skin-derived precursors (SKPs) have been isolated
from the dermis of adult skin of different anatomic sites and
shown to be capable of inducing hair genesis and hair follicle
regeneration [4—7], implying a potential application as induction
cells in hair genesis and skin bioengineering.

2 Materials

2.1 Reagent
Preparation

Phosphate buffer saline (PBS).

DPBS (Corning).

Saline.

70% ethanol.

2% (W /V) iodine solution.

100 x Penicillin /streptomycin solution (Gibco).
Gentamycin.

SKP growth medium: DMEM: F12, 3:1 mixture (Corning),
supplemented with 20 pl/ml B27, 40 ng/ml basic fibroblast
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Self-assembling peptide hydrogel scaffolds support stem cell-based hair
follicle regeneration
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Abstract

Recent studies show that designer peptide nanofibers can mimic properties of extracellular matrix molecules, promising great potential as
scaffold materials for tissue engineering. However, their ability in supporting organogenesis has not been studied. Here we examined the
effect of self-assembling peptide hydrogels in supporting skin derived precursors (SKPs) in hair follicle neogenesis. We found that hydrogels
formed by RADA16, PRG which contains RGD, and particularly the combination of RADA16 and PRG (RADA-PRG) enhanced SKP
proliferation. Notably, the RADA-PRG hydrogel, which exhibited advantages of RADA16 in adequate nanofiber formation and PRG in
providing the integrin binding sequence, exhibited superior effects in enhancing SKP survival, expression of hair induction signature genes
such as Akp2 and Bmp6, and more importantly de novo hair genesis in mice. Thus our results suggest that RADA-PRG may serve as a novel
scaffold material for stem cell transplantation and tissue engineering.

© 2016 Elsevier Inc. All rights reserved.
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Skin is the largest organ in the body, which provides a
barrier against infections and fluid loss and has several
homeostatic/sensory functions vital to health. Restoration of
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skin is of great importance in the treatment of severe
skin defect. The limited availability of donor skin has led to
the development of tissue engineered skin equivalents as
alternatives in burn wound treatment. Engineered skin substi-
tutes consisting of an epidermal substitute of autologous
keratinocytes and a dermal analog of bovine collagen—
glycosaminoglycan sponge populated with autologous fibro-
blasts are able to form a functional epidermal barrier, but not the
epidermal appendage including the hair follicle, sebaceous
gland and sweat gland. '

Skin appendages, which extend deeply into the dermis, are
derived from a single layer of multipotent progenitors during
skin morphogenesis.” Recent studies indicate that stem cells
capable of forming de novo hair follicles reside in the skin;
however, this process relies on appropriate signals derived from
dermal cells.*® Previous studies indicate that dermal papilla
(DP) cells derived from the hair follicle are able to induce hair
follicle genesis,”” but the application of DP cells in the
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Hair Follicle and Sebaceous Gland De Novo
Regeneration With Cultured Epidermal Stem
Cells and Skin-Derived Precursors
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ABSTRACT

Stem cell-based organ regeneration is purported to enable the replacement of impaired organs in the
foreseeable future. Here, we demonstrated that a combination of cultured epidermal stem cells (Epi-
SCs) derived from the epidermis and skin-derived precursors (SKPs) was capable of reconstituting
functional hair follicles and sebaceous glands (SG). When Epi-SCs and SKPs were mixed in a hydrogel
and implanted into an excisional wound in nude mice, the Epi-SCs formed de novo epidermis along
with hair follicles, and SKPs contributed to dermal papilla in the neogenic hair follicles. Notably, a com-
bination of culture-expanded Epi-SCs and SKPs derived from the adult human scalp were sufficient to
generate hair follicles and hair. Bone morphogenetic protein 4, but not Wnts, sustained the expression
of alkaline phosphatase in SKPs in vitro and the hair follicle-inductive property in vivo when SKPs were
engrafted with neonatal epidermal cells into excisional wounds. In addition, Epi-SCs were capable of
differentiating into sebocytes and formed de novo SGs, which excreted lipids as do normal SGs. Thus
our results indicate that cultured Epi-SCs and SKPs are sufficient to generate de novo hair follicles and
SGs, implying great potential to develop novel bioengineered skin substitutes with appendage genesis
capacity. STEM CELLS TRANSLATIONAL MEDICINE 2016;5:1695-1706

SIGNIFICANCE

In postpartum humans, skin appendages lost in injury are not regenerated, despite the considerable
achievement made in skin bioengineering. In this study, transplantation of a combination of culture-
expanded epidermal stem cells and skin-derived progenitors from mice and adult humans led to de
novo regeneration of functional hair follicles and sebaceous glands. The data provide transferable
knowledge for the development of novel bioengineered skin substitutes with epidermal appendage
regeneration capacity.

have passed since the development of cultured
skin substitute (CSS), which consists of cultured
autologous epidermis and dermal fibroblasts.
The CSS is capable of forming an epidermal layer
(barrier function) but does not regenerate the ap-

INTRODUCTION

Tissue engineering is emerging as a significant
potential solution for tissue and organ failure,
whereby tissue and organ mimics that are fully func-

tional are implanted to replace the failed tissue and
organ [1]. Adult skin consists of a keratinized strat-
ified epidermis and an underlying layer of dermis.
Hair follicles, sebaceous glands (SGs), and sweat
glands, the appendages of the skin, are derived
from a single layer of multipotent progenitors dur-
ing skin morphogenesis [2]. In postpartum humans,
however, deep injuries to the skin heal by scar for-
mation but not by regeneration; epidermal append-
ages lost at the injury site do not regenerate [3].
It has been a challenge to regenerate skin ap-
pendages with defined cells. More than 10 years

pendages [4]; thereby the structure and function
of the skin are not fully restored. A bioengineered
skin substitute capable of regenerating the epi-
dermis and the epidermal appendages has been
an objective to achieve.

Several populations of stem cells have been
identified in the skin. Epidermal stem cells (Epi-
SCs) in the basal layer epidermis—which express
high levels of cytokeratin (CK)5, CK14, CD29 (integ-
rin B1), and CD49f (integrin a6) [5]—constantly
provide new keratinocytes to the epidermis, imply-
ing great proliferation potential. Neonatal mouse

©AlphaMed Press 2016
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