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Abstract
Objective: Biologically active cell penetrating peptides (CPPs) are an emerging class of therapeutic agent. The
wasp venom peptide mastoparan is an established CPP that modulates mitochondrial activity and triggers caspasedependent apoptosis in cancer cells, as does the mastoparan analogue mitoparan (mitP). Mitochondrial depolarisation and activation of the caspase cascade also underpins the action of dithranol, a topical agent for treatment of psoriasis. The effects of a potent mitP analogue on mitochondrial activity were therefore examined to assess its potential
as a novel approach for targeting mitochondria for the treatment of psoriasis.
Results: In HaCaT keratinocytes treated with the mitP analogue Z-Gly-RGD(DPhe)-mitP for 24 h, a dose-dependent
loss of mitochondrial activity was observed using the methyl-thiazolyl-tetrazolium (MTT) assay. At 10 μmol L−1, MTT
activity was less than 30% that observed in untreated cells. Staining with the cationic dye JC-1 suggested that Z-GlyRGD(DPhe)-mitP also dissipated the mitochondrial membrane potential, with a threefold increase in mitochondrial
depolarisation levels. However, caspase activity appeared to be reduced by 24 h exposure to Z-Gly-RGD(DPhe)-mitP
treatment. Furthermore, Z-Gly-RGD(DPhe)-mitP treatment had little effect on overall cell viability. Our findings suggest
Z-Gly-RGD(DPhe)-mitP promotes the loss of mitochondrial activity but does not appear to evoke apoptosis in HaCaT
keratinocytes.
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Introduction
Cell penetrating peptides (CPPs) have been studied
extensively as vehicles that can traverse the plasma membrane to mediate intracellular delivery of bioactive cargoes including proteins, DNA and oligonucleotides [1, 2].
Most CPPs are inert molecules with cationic and hydrophobic residues that enable interactions with the cell surface and subsequent direct penetration into the cell or
uptake via endocytosis [3]. Biologically active molecules
associated with the CPP are taken up at the same time,
enabling them to reach their targets.
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Recently, exploitation of the intrinsic biological activity
of selected CPPs has emerged as a promising strategy for
targeting intracellular events [4]. Such bioactive CPPs,
designated bioportides, modulate a range of processes,
including angiogenesis, apoptosis and MAP kinase signalling [5]. Mastoparan, a bioportide from wasp venom,
promotes cell death in cancer cell lines [6, 7] as does
mitoparan (mitP), a mastoparan analogue with enhanced
cellular penetration properties [8]. Furthermore, mitP
specifically co-localises with mitochondria in astrocytoma and bladder cancer cells, leading to depolarisation,
permeabilisation of the inner mitochondrial membrane
and apoptosis [8, 9].
The use of CPPs for cutaneous delivery of macromolecules is emerging as a therapeutic approach for skin
disorders [10]. However, the potential of bioportides

© The Author(s) 2018. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Richardson et al. BMC Res Notes (2018) 11:82

themselves to treat cutaneous disorders has received
limited attention. Nonetheless, the ability of mitP to promote apoptosis in a mitochondria-dependent manner
parallels the mode of action of dithranol, an established
topical therapy for the inflammatory skin disorder psoriasis [8, 11, 12]. Interestingly, modification of mitP with
Z-glycine, the integrin-specific motif RGD and a D isomer of phenylalanine conferred enhanced potency on the
peptide [8]. Therefore, in this study, we hypothesised that
Z-Gly-RGD(DPhe)-mitP stimulates apoptosis in cultured
keratinocytes. We found that Z-Gly-RGD(DPhe)-mitP
treatment reduced mitochondrial activity and dissipated the mitochondrial membrane potential in HaCaT
keratinocytes but did not appear to trigger apoptosis.

Main text
Methods

The reagents and procedures for preparation of CPP
Z-Gly-RGD(DPhe)-mitP were as described [8] and
10 mmol L−1 stocks dissolved in water and stored − 20 °C
until required. HaCaT keratinocytes were obtained and
cultured as previously reported [13], seeded at 10,000/
well of 96-well plates, and exposed to the indicated concentrations of Z-Gly-RGD(DPhe)-mitP for 24 h. The
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) reagent was purchased from SigmaAldrich (Gillingham, UK) and used in accordance with
the manufacturer’s instructions, with absorbance measurements at 570 nm. The sulphorhodamine SRB assay
was performed as described [14] and absorbance determined at 492 nm. For mitochondrial depolarisation studies, cells were stained with 1 μmol L−1 of the fluorescent
dye JC-1 for 75 min at 37 °C, harvested by trypsinisation and analysed on an Accuri C6 flow cytometer. The
Caspase-Glo 3/7 assay (Promega, Southampton, UK)
was used according to the manufacturer’s instructions to
monitor apoptosis and luminescence captured on a Clariostar plate reader (BMG Labtech, Aylesbury, UK).
Statistical analyses were performed in GraphPad
Prism 5 (GraphPad Software, Inc., San Diego, CA) using
unpaired t test with Welch’s correction which does not
assume equal variances among the data.
Results
Z‑Gly‑RGD(DPhe)‑mitP alters mitochondrial activity

For initial assessment of the impact of Z-GlyRGD(DPhe)-mitP on HaCaT viability, mitochondrial
activity was monitored using the MTT assay. Treatment with Z-Gly-RGD(DPhe)-mitP for 24 h led to a
dose-dependent reduction in mitochondrial activity (Fig. 1a). At 10 μmol L−1, the CPP decreased MTT
absorbance values to around 40% those of untreated cells.
To determine whether loss of mitochondrial viability
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was associated with depolarisation mitochondria, JC-1
staining was performed. Flow cytometry analyses
revealed a dose-dependent elevation of mitochondrial
depolarisation (Fig. 1b, c) following a 24 h exposure to
Z-Gly-RGD(DPhe)-mitP, with threefold higher levels of
depolarisation in cells treated with 10 μmol L−1 of the
CPP compared to untreated cells. Together, these results
suggested that Z-Gly-RGD(DPhe)-mitP perturbed mitochondrial dynamics in HaCaT keratinocytes.
Effect of Z‑Gly‑RGD(DPhe)‑mitP on caspase activity

To evaluate the ability of Z-Gly-RGD(DPhe)-mitP to
promote keratinocyte apoptosis, caspase 3/7 activity
was monitored using a luciferase-based assay. Contrary
to expectations, basal caspase activity appeared to be
reduced by Z-Gly-RGD(DPhe)-mitP (Fig. 2a). Cell viability was evaluated further using the SRB assay which
monitors cell density based on the determination of cellular protein content. As shown in Fig. 2b, CPP treatment
had little effect on absorbance readings, suggesting cell
density was largely unaffected by Z-Gly-RGD(DPhe)mitP. Thus the decline in mitochondrial activity (Fig. 1)
or of caspase activity (Fig. 2a) does not appear to correlate with a general loss of cell viability as indicated by cellular protein content.
Discussion

Despite recent progress in the provision of systemic
therapy for severe psoriasis, topical anti-psoriasis regimens for mild-to-moderate disease remain largely
unsatisfactory [15]. Resistance to apoptosis has long
been identified as a feature of psoriatic keratinocytes,
and the induction of apoptosis appears to underpin the
mechanism of action of dithranol, an established topical for treatment for psoriasis [11, 16]. By dissipating
the mitochondrial membrane potential and promoting
cytochrome c release, the CPPs mastoparan, mitP and
Z-Gly-RGD(DPhe)-mitP stimulate apoptosis in tumour
cells [8]. These observations prompted us to considered
the effects of Z-Gly-RGD(DPhe)-mitP on keratinocytes
given that dithranol exerts its effects on these cells at
least in part via similar mitochondrial mechanisms [11].
Our findings suggest that Z-Gly-RGD(DPhe)-mitP depolarised keratinocyte mitochondria as expected. However,
the loss of mitochondrial bioactivity was uncoupled from
the induction of caspase-mediated apoptosis in HaCaT
keratinocytes. Indeed, Z-Gly-RGD(DPhe)-mitP appeared
to decrease HaCaT basal caspase activity under the conditions used. Further studies are required in order to
validate this putative anti-apoptotic effect of on Z-GlyRGD(DPhe)-mitP on keratinocytes to determine relevance for skin disorders defined by extensive epidermal
apoptosis, such as toxic epidermal necrolysis.
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Fig. 2 Alterations in caspase activity but not viability of HaCaT
keratinocytes exposed to Z-Gly-RGD(DPhe)-mitP. Cells were treated
with Z-Gly-RGD(DPhe)-mitP in serum-free medium for 24 h prior to
(a) assessment of caspase 3/7 activity with a luminescence assay
and (b) evaluation of cell density using the SRB assay. Data were
pooled from three independent experiments performed in triplicate
(a) or quadruplicate (b). Data shown are means + SEM; *p < 0.05;
***p < 0.0001 unpaired t test with Welch’s correction compared to
the 0 μmol L−1 controls

Conclusions

The findings presented here indicate that Z-GlyRGD(DPhe)-mitP
dissipates
the
mitochondrial membrane potential of HaCaT keratinocytes
without apparently inducing cell death. Further modification of Z-Gly-RGD(DPhe)-mitP or fusion to another
peptide may thus be required for the development of a
bioportide CPP as an alternative to dithranol.
Fig. 1 Effect of Z-Gly-RGD(DPhe)-mitP on HaCaT keratinocyte
mitochondrial activity. a Cells were treated with Z-Gly-RGD(DPhe)mitP for 24 h prior to evaluation of cell viability by MTT assay. b The
proportions of cells depolarised after Z-Gly-RGD(DPhe)-mitP treatment, assessed by JC-1 staining and normalised to untreated cells.
Data were pooled from three independent experiments performed in
duplicate. c Representative data showing increase of cell population
with mitochondrial depolarisation (P11) indicated by JC-1 staining
after 24 h treatment with the indicated concentrations of Z-GlyRGD(DPhe)-mitP. Data in shown in (a) and (b) are means + SEM;
*p < 0.05, **p < 0.01, p < 0.0001; unpaired t test with Welch’s correction compared to the 0 μmol L−1 controls

Limitations
One major limitation of the study is that absence of comparative caspase 3/7 data with known inducers of apoptosis. The Fas ligand (FasL) is known to induce HaCaT
keratinocyte apoptosis as determined by nucleosomal
DNA fragmentation [17]. However, we observed little effect on caspase 3/7 activity in HaCaT keratinocytes treated with FasL (data not shown). Therefore,
additional measures of apoptosis, such as annexin V
staining and DNA fragmentation are required. Furthermore, although the cell density SRB data do not suggest
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Z-Gly-RGD(DPhe)-mitP promotes cell death, it will be
important to confirm that the loss of HaCaT keratinocyte caspase activity associated Z-Gly-RGD(DPhe)mitP treatment is not due to necrosis. Finally, as the
HaCaT keratinocyte cell line was used in this study,
there remains a need to evaluate the impact of Z-GlyRGD(DPhe)-mitP on mitochondria and apoptosis in
primary keratinocytes and 3D epidermal models of psoriasis, and use transcriptome-wide approaches to fully
define the biological processes associated with the effects
of Z-Gly-RGD(DPhe)-mitP in human keratinocytes.
Abbreviations
CPP: cell penetrating peptide; mitP: mitoparan; MTT: 3-(4,5-dimethylthiazol2-yl)-2,5-diphenyltetrazolium bromide; SRB: sulforhodamine B.
Authors’ contributions
KR conceived the study and wrote the manuscript; AR, LM, SM and DS
acquired and analysed data; SJ and JH revised the manuscript critically for
important intellectual content. All authors read and approved the final
manuscript.
Author details
1
School of Pharmacy and Biomolecular Sciences, Liverpool John Moores
University, Liverpool L3 3AF, UK. 2 School of Pharmacy, Faculty of Science &
Engineering, University of Wolverhampton, Wolverhampton WV1 1LY, UK.
Acknowledgements
We thank Peter Hamlett for providing technical support.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.
Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Funding
AR is funded by the British Skin Foundation.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 14 October 2017 Accepted: 19 January 2018

Page 4 of 4

References
1. Copolovici DM, Langel K, Eriste E, Langel U. Cell-penetrating peptides:
design, synthesis, and applications. ACS Nano. 2014;8(3):1972–94.
2. Zhang D, Wang J, Xu D. Cell-penetrating peptides as noninvasive
transmembrane vectors for the development of novel multifunctional
drug-delivery systems. J Control Release. 2016;229:130–9.
3. Madani F, Lindberg S, Langel U, Futaki S, Graslund A. Mechanisms of cellular uptake of cell-penetrating peptides. J Biophys. 2011;2011:414729.
4. Lukanowska M, Howl J, Jones S. Bioportides: bioactive cell-penetrating
peptides that modulate cellular dynamics. Biotechnol J. 2013;8(8):918–30.
5. Howl J, Matou-Nasri S, West DC, Farquhar M, Slaninova J, Ostenson CG,
et al. Bioportide: an emergent concept of bioactive cell-penetrating
peptides. Cell Mol Life Sci. 2012;69(17):2951–66.
6. de Azevedo RA, Figueiredo CR, Ferreira AK, Matsuo AL, Massaoka MH,
Girola N, et al. Mastoparan induces apoptosis in B16F10-Nex2 melanoma
cells via the intrinsic mitochondrial pathway and displays antitumor
activity in vivo. Peptides. 2015;68:113–9.
7. Hilchie AL, Sharon AJ, Haney EF, Hoskin DW, Bally MB, Franco OL, et al.
Mastoparan is a membranolytic anti-cancer peptide that works synergistically with gemcitabine in a mouse model of mammary carcinoma.
Biochim Biophys Acta. 2016;1858(12):3195–204.
8. Jones S, Martel C, Belzacq-Casagrande AS, Brenner C, Howl J. Mitoparan
and target-selective chimeric analogues: membrane translocation and
intracellular redistribution induces mitochondrial apoptosis. Biochim
Biophys Acta. 2008;1783(5):849–63.
9. Jones S, Holm T, Mager I, Langel U, Howl J. Characterization of bioactive
cell penetrating peptides from human cytochrome c: protein mimicry and the development of a novel apoptogenic agent. Chem Biol.
2010;17(7):735–44.
10. Kumar S, Zakrewsky M, Chen M, Menegatti S, Muraski JA, Mitragotri S.
Peptides as skin penetration enhancers: mechanisms of action. J Control
Release. 2015;199:168–78.
11. McGill A, Frank A, Emmett N, Turnbull DM, Birch-Machin MA, Reynolds NJ.
The anti-psoriatic drug anthralin accumulates in keratinocyte mitochondria, dissipates mitochondrial membrane potential, and induces
apoptosis through a pathway dependent on respiratory competent
mitochondria. FASEB J. 2005;19(8):1012–4.
12. George SE, Anderson RJ, Haswell M, Groundwater PW. An investigation of
the effects of dithranol-induced apoptosis in a human keratinocyte cell
line. J Pharm Pharmacol. 2013;65(4):552–60.
13. Roberts JC, Warren RB, Griffiths CE, Ross K. Expression of microRNA-184 in
keratinocytes represses argonaute 2. J Cell Physiol. 2013;228(12):2314–23.
14. Houghton P, Fang R, Techatanawat I, Steventon G, Hylands PJ, Lee CC.
The sulphorhodamine (SRB) assay and other approaches to testing plant
extracts and derived compounds for activities related to reputed anticancer activity. Methods. 2007;42(4):377–87.
15. Samarasekera EJ, Sawyer L, Wonderling D, Tucker R, Smith CH. Topical
therapies for the treatment of plaque psoriasis: systematic review and
network meta-analyses. Br J Dermatol. 2013;168(5):954–67.
16. Wrone-Smith T, Mitra RS, Thompson CB, Jasty R, Castle VP, Nickoloff BJ.
Keratinocytes derived from psoriatic plaques are resistant to apoptosis
compared with normal skin. Am J Pathol. 1997;151(5):1321–9.
17. Aragane Y, Kulms D, Metze D, Wilkes G, Poppelmann B, Luger TA, et al.
Ultraviolet light induces apoptosis via direct activation of CD95 (Fas/APO1) independently of its ligand CD95L. J Cell Biol. 1998;140(1):171–82.

