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Abstract

Background: Keloids develop due to hyperactivity of keloid fibroblast (KF) in proliferation, migration, and collagen
deposition along with low rates of collagen degradation. These are a result of the Wnt/β catenin signaling
pathways under stimulation of TGF-β. 5α-oleandrin can suppress Wnt-targeted genes of osteosarcoma cells. We
aimed to evaluate the anti-fibrotic effects of 5α-oleandrin on KF activities.

Methods: We collected the core of keloid materials from six patients who underwent keloid debulking surgery.
Passage 4 of KF cells were then treated with mitomycin-C, 5α-oleandrin, and dilution medium as the negative
control. To determine the effective dose of 5α-oleandrin, we diluted 5α-oleandrin into various concentrations. The
incubation periods were 24 h, 48 h, and 72 h. The anti-proliferation and anti-fibrotic properties were measured using
standard assay.

Results: Both the mitomycin-C and 5α-oleandrin treated groups indicated decrease in proliferation index (86.16 ±
4.20% and 73.76 ± 4.94%, respectively), collagen deposition index (90.26 ± 1.72% and 71.35 ± 4.26%, respectively),
and migration capacity (33.51 ± 1.50% and 28.57 ± 1.58%, respectively). These were significant changes (p ≤ 0.05)
compared to the non-treated group. Antifibrotic activities of 5α-oleandrin in cellular proliferation and collagen
deposition were better than mitomycin-C.

Conclusions: The 5α-oleandrin has good antifibrotic effect in keloid fibroblast activities.
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Background
Keloids are a fibroproliferative benign tumor that only
affects human skin with characteristic overgrowth of
scar tissues that exceeds the original wound size [1].
This characteristic is caused by keloid fibroblast (KF)
proliferation and abundant production of collagen [2–4]
together with the low activity of matrix metalloprotein-
ase (MMP) on extracellular matrix degradation [5, 6].
Various keloid treatments starting with surgical proce-
dures to intralesional corticosteroids and various anti-
cancer agents such as bleomycin [7], mitomycin [8], and

fluorouracil [9], (or a combination of these) have been
performed [10], but the results are unsatisfactory and
they still reveal a high recurrence rate.
Each transforming growth factor beta (TGF-β) sub-

class has a different role in wound healing, and trans-
forming growth factor beta 1 (TGF-β1) is well known as
an important growth factor in keloid formation [10].
This growth factor can induce Wnt/β catenin signaling
pathways whereas overexpression of Wnt is parallel to
collagen deposition in keloid tissues [11] as well as colla-
gen production in KF [12, 13]. The Wnt/β catenin sig-
naling pathway is not only responsible for collagen
production in keloid fibroblasts, but it also has an im-
portant role in inducing transformation of human der-
mal microvascular endothelial cells to become KF [13].

© The Author(s). 2019 Open Access 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.

* Correspondence: ishandono@ugm.ac.id
1Plastic and Reconstructive Surgery Division, Department of Surgery, Faculty
of Medicine, Public Health and Nursing, Universitas Gadjah Mada, Dr. Sardjito
Hospital, Jl. Kesehatan No. 1, North Sekip, Yogyakarta 55281, Indonesia
Full list of author information is available at the end of the article

BMC ProceedingsDachlan et al. BMC Proceedings 2019, 13(Suppl 11):14
https://doi.org/10.1186/s12919-019-0177-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s12919-019-0177-6&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:ishandono@ugm.ac.id


Recently, many natural products are tested for antican-
cer properties including oleandrin (C32H48O9) isolated
from Nerium indicum Mill. This material can signifi-
cantly inhibit cellular proliferation and cellular invasion
by suppressing Wnt-targeted genes of osteosarcoma cells
[14]. It also has a cytotoxic effect against HeLa cells with
an IC50 of 8.38 × 10− 6 mM, but it is less cytotoxic
against normal human cells [15]. One study showed that
the administration of Nerium oleander taken orally for
21–28 days is well tolerated in heavily pretreated pa-
tients with advanced solid tumors [16]. Therefore, our
study evaluated the anti-proliferation and anti-fibrotic
properties of oleandrin on keloid fibroblast cultures.

Materials and methods
This study conformed to the ethical principles outlined in
the Declaration of Helsinki and received approval from
our Institutional Review Board (#KE/FK/83/EC/2013).

Isolation and culture of keloid fibroblast
We collected the core of keloid materials from six pa-
tients who underwent keloid debulking surgery after
completing informed written consent forms. The age
range of the patients was 18–23 years old. A 2 cm3 core
of each material was thinly sliced into 0.2–0.3 cm3 pieces
and cultured via an explant method in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM, Gibco®, USA) containing
10% fetal bovine serum (FBS, Gibco®, USA) and 1% peni-
cillin/streptomycin (Gibco®, USA) at 37 °C and 5% CO2.
The spindle-shaped cells that grew out from the explants
then were sub-cultured until passage-4.

Experiments
Passage 4 of KF cells from each patient were then
treated with mitomycin-C, 5α-oleandrin, and dilution
medium as the negative control. We used 5α-oleandrin
purchased from the Department of Pharmacology and
Therapy, Faculty of Medicine, our university as the ex-
perimental groups; mitomycin-C (Kyowa, Tokyo, Japan)
was the positive control. Both materials were diluted in
DMEM containing 10% fetal bovine serum plus 1% peni-
cillin/streptomycin in various concentrations. We used
the lowest effective dose of mitomycin-C (30 μM) as pre-
viously reported by Dachlan et al. [17] as the positive
control. To determine the effective dose of 5α-oleandrin,
we diluted 5α-oleandrin into various concentrations, and
the highest dose was considered to be half of the dose of
mitomycin-C. The incubation periods were 24 h, 48 h,
and 72 h.

Measurement of variables
Proliferative index
The anti-proliferation property was measured by measur-
ing cellular viabilities using MTT (3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide) purchased from
MP Biomedicals, France. The resulting optical density
(OD) of the formazan product produced by the MTT and
living cells was measured at 570 nm. The OD of the non-
treated group was defined as 100% proliferation, and the
proliferation index of various treated groups was counted
as: (OD of treated group / OD of paired non-treated
group) × 100%.

Collagen deposition
The anti-fibrotic property was quantitated by measuring
the collagen deposition using insoluble collagen of Sirius
red (purchased from Sigma-Aldrich, Steinheim,
Germany) assay based on the method of Taskiran et al.
[18]. The OD of the Sirius red-bound collagen repre-
sented the amount of insoluble collagen. This was read
at 570 nm. The OD of the non-treated group was de-
fined as 100% of the ability to deposit collagen. The abil-
ity of the various treated groups was counted as (OD of
treated group / OD of paired non-treated group) ×
100%.

Cellular migration
The anti-fibrotic property was also determined via a cel-
lular migration assay based on Liang et al. [19]. Briefly,
after serum starvation, the bottoms of the wells were
linearly scratched with the blunt tip of a 32G sterile nee-
dle through the center of the well bottom. After cultiva-
tion with various media and incubations, the cells were
then stained with Meyer’s hematoxylin and microscopic
photo images were taken using a Moticam 350 (China)
camera in JPG format. The scratch line was measured
via the blue (fibroblasts) and white pixels (empty space).
The migration rate was determined via (blue color pixel
of KFs along scratch line / total pixels along the scratch
line) × 100%. Migration capacity of the treated group
was counted as: migration rate of the treated group di-
vided by migration rate of the paired control group.

Statistical analysis
All data were presented as a mean ± standard error. We
used Analysis of Variance (ANOVA) followed by Fisher’s
Least Significant Difference (LSD) to analyze data with
normal distribution. For data with abnormal distribution,
we used the Friedman followed with Wilcoxon rank sign
test. p < 0.05 was considered as significant level.

Results
Both the mitomycin-C treated group and the 5α-
oleandrin-treated group indicated a decrease in prolifer-
ation (86.16 ± 4.20% and 73.76 ± 4.94%, respectively),
collagen deposition index (90.26 ± 1.72% and 71.35 ±
4.26%, respectively), and migration capacity (33.51 ±
1.50% and 28.57 ± 1.58%, respectively). This was a
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significant change (p ≤ 0.05) compared to the non-
treated group. The comparison between mitomycin C
and 5α-oleandrin proliferation indices, collagen depos-
ition, and migration capacity are detailed below.
5α-oleandrin suppresses KF proliferation at ≥3.75 uM;

the 15 uM 5α-oleandrin was better than mitomycin C
(Fig. 1a). This suppression effect persisted until 72 h of
incubation period (Fig. 1b).
5α-oleandrin suppresses KF in collagen deposition at

≥3.75 uM; 7.5 uM 5α-oleandrin was better than mitomy-
cin C (Fig. 2a). This suppression effect persisted until 72
h of incubation period (Fig. 2b).
In addition, 5α-oleandrin also suppresses KF migration

at all dilution levels; none of these were better than 30
uM mitomycin-C (Fig. 3).
The activity of keloid fibroblast migration after 72 h

was higher in the administration of 5α-oleandrin than
that of mitomycin C (P < 0.05) as shown in Fig. 4.

Discussion
Until recently, representative animal models for studies
of keloids have not been available. Therefore, most ex-
periments searching for keloid therapeutics use keloid fi-
broblasts. For example, Richard et al. [20] indicated that
mitomycin-C could inhibit KF proliferation by suppress-
ing DNA synthesis. Dachlan et al. [17] showed that 30
uM mitomycin-C could suppress keloid fibroblast prolif-
eration and collagen synthesis. Both studies are based on
Stewart et al. [8] who used topical application of
mitomycin-C for clinical wound repair trials to prevent
keloid. Mitomycin-C influences DNA synthesis. Olean-
drin is a new cytotoxic agent and suppresses Wnt-

targeted genes [14] to indirectly affect collagen depos-
ition in keloid tissues [11] and collagen production of
keloid fibroblasts [12, 13]. The Wnt/β catenin signaling
pathway is induced by TGF-β1 as an important growth
factor in the keloid pathological mechanism. Chua et al.
[21] reported that the canonical Wnt/β-catenin signaling
is involved in keloid pathogenesis. Ma et al. [14] demon-
strated that oleandrin could reduce the nuclear β-
catenin which is consistent with reports that the sup-
pression of the Wnt/β-catenin signaling pathway would
lead to the reduction of nuclear β-catenin [22]. Olean-
drin had a remarkable inhibiting effect on the down-
stream molecules of the Wnt/β-catenin signaling
pathway through downregulation of the mRNA levels of
c-myc, survivin, cyclin D1, MMP- 2 and MMP-9 [14]. In
our experiment, neither Wnt nor β catenin expression
were measured. Our experiment reveals that 5α-
oleandrin at a half dose of mitomycin-C can suppress
keloid fibroblast proliferation better than mitomycin-C
after 24 h of incubation. It has persistent activity up to
72 h (Fig. 1). Similar results were also found in collagen
deposition even at 25% of the dose of mitomycin-C (Fig.
2). The 5α-oleandrin can suppress keloid fibroblast mi-
gration similar to mitomycin-C even at the lowest dilu-
tion level (Fig. 3). In addition, future study using animal
model is necessary to clarify and confirm our findings.
In clinical practice, drugs for keloid can reduce keloid

tension and size. Both variables are responsible for ke-
loid fibroblast activities including the proliferation and
deposition of collagen material [2, 3] plus migration to
invade the normal adjacent skin [14]. In tandem with ke-
loid surgery, keloid drugs can prevent recurrent keloids

Fig. 1 Suppression of the proliferation index of KF by mitomycin C and 5α-oleandrin: a in serial dilutions in 24 h of incubation, and b in various
incubation periods
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by suppressing residual keloid fibroblasts on the margin
of the wound to proliferate and deposit collagen. Similar
results are achieved with 5α-oleandrin. Topical delivery
of 5α-oleandrin is possible based on the physicochemical
properties of 5α-oleandrin including its low molecular
weight (576.72 Da) and lipid solubility [23]. Although ir-
ritant contact dermatitis caused by cutaneous exposure
of oleander leaves has been reported [24], the allergenic
properties have not been adequately studied. Generally,
no positive patch test can be obtained [25]. So, Clinical
trials of this material either as a single therapy versus a

topical standardized drug or as adjunctive treatment of
keloid surgical procedures are possible.
It should be noted that we only performed MTT assay

in this study. It was not ideal one for measurement of
proliferation indices. In addition, we did not use the un-
treated cells as a control for For the proliferation index
and collagen deposition during the incubation period.
Due to limitation of resources, we could not perform the
proliferation indices test, such as 5-bromo-2′-deoxyuri-
dine (BrdU-) or 5-ethynyl-2′-deoxyuridine (EdU-)in-
corporation assay, and the cell death measurement test,

Fig. 2 Suppression of the collagen deposition by mitomycin C and 5α-oleandrin: a in serial dilutions, and b in various incubation periods

Fig. 3 Suppression of the migration capacity of KF by mitomycin C and 5α-oleandrin

Dachlan et al. BMC Proceedings 2019, 13(Suppl 11):14 Page 4 of 6



such as TUNEL or anti-caspase-3 staining, becoming a
limitation of our study.

Conclusions
5α-oleandrin has good anti-fibrotic effect. Further study
is still necessary to reveal more specific manner of this
substance as anti-proliferation agent. BrdU- or EdU- in-
corporation assay are suggested method to examine cells
proliferation. Either BrdU and EdU assay are sensitive
method but special precautions have to be noted due to
their toxic, potential mutagenic, and/or teratogenic
effects.

Abbreviations
ANOVA: Analysis of variance; DMEM: Dulbecco’s modified eagle’s medium;
EdU: 5-ethynyl-2′-deoxyuridine; FBS: Fetal bovine serum; KF: Keloid fibroblast;
LSD: Least significant diffrenece; MMP: Matrix metalloproteinase; MTT: 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; OD: Optical density;
TGF-β: transforming growth factor bet

Acknowledgments
We are thankful to all those who offered excellent technical help during the
study. Some results for the manuscript are from Ishandono Dachlan’s
dissertation. We also thank English native speaker at languange center in our
faculty for proofreading our manuscript.

About this supplement
This article has been published as part of BMC Proceedings Volume 13
Supplement 11, 2019: Selected articles from the 3rd International Symposium on
Congenital Anomaly and Developmental Biology 2019 (ISCADB 2019). The full
contents of the supplement are available online at https://bmcproc.
biomedcentral.com/articles/supplements/volume-13-supplement-11 .

Authors’ contributions
ID, and YWW conceived the study. ID drafted the manuscript and HS
critically revised the manuscript for important intellectual content. MSHW
and TA facilitated all project-related tasks. DA contributed in data collection.
All authors read and approved the final manuscript.

Funding
Publication costs are funded by the Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada.

Availability of data and materials
All data generated or analyzed during this study are included in the
submission. The raw data are available from the corresponding author on
reasonable request.

Ethics approval and consent to participate
The Institutional Review Board of Faculty of Medicine, Public Health and
Nursing, Universitas Gadjah Mada/Dr. Sardjito Hospital approved this study
(KE/FK/83/EC/2013). Written informed consent was signed by the participants
before the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Plastic and Reconstructive Surgery Division, Department of Surgery, Faculty
of Medicine, Public Health and Nursing, Universitas Gadjah Mada, Dr. Sardjito
Hospital, Jl. Kesehatan No. 1, North Sekip, Yogyakarta 55281, Indonesia.
2Department of Dermato-venereology, Faculty of Medicine, Public Health
and Nursing, Universitas Gadjah Mada/ Sardjito-Hospital, North Sekip,
Yogyakarta, Indonesia. 3Department of Pharmacology and Therapy, Faculty of
Medicine, Universitas Gadjah Mada, North Sekip, Yogyakarta, Indonesia.
4Oncology Surgery Division, Department of Surgery, Faculty of Medicine,
Public Health and Nursing, Universitas Gadjah Mada/ Sardjito-Hospital, North
Sekip, Yogyakarta, Indonesia. 5Department of Dermato-venereology, Faculty
of Medicine, Public Health and Nursing, Universitas Gadjah Mada/
Sardjito-Hospital, North Sekip, Yogyakarta, Indonesia. 6Faculty of Medicine,
Public Health and Nursing, Universitas Gadjah Mada/ Sardjito-Hospital, North
Sekip, Yogyakarta, Indonesia.

Published: 16 December 2019

References
1. Mrowietz U, Seifert O. Keloid scarring: new treatments ahead. Actas

Dermosifiliogr. 2009;2:75–83.
2. Chipev CC, Simman R, Hatch G, et al. Myofibroblast phenotype and

apoptosis in keloid and palmar fibroblasts in vitro. Cell Death Differ. 2000;7:
166–76.

3. Luo S, Benathan M, Raffoul W, et al. Abnormal balance between
proliferation and apoptotic cell death in fibroblasts derived from keloid
lesions. Plast Reconstr Surg. 2001;107:87–96.

4. Akasaka Y, Fujita K, Ishikawa Y, et al. Detection of apoptosis in keloids and a
comparative study on apoptosis between keloids, hypertrophic scars,
normal healed flat scars, and dermatofibroma. Wound Repair Regen. 2001;9:
501–6.

5. Sandulache VC, Parekh A, Li-Korotky H, et al. Prostaglandin E2 inhibition
of keloid fibroblast migration, contraction, and transforming growth

Fig. 4 The comparison between the effect of 5α-oleandrin and mitomycin C on keloid fibroblast migration activity after 72 h

Dachlan et al. BMC Proceedings 2019, 13(Suppl 11):14 Page 5 of 6

https://bmcproc.biomedcentral.com/articles/supplements/volume-13-supplement-11
https://bmcproc.biomedcentral.com/articles/supplements/volume-13-supplement-11


factor (TGF) beta1-induced collagen synthesis. Wound Repair Regen.
2007;15:122–33.

6. Gurtner GC, Werner S, Barrandon Y, et al. Wound repair and regeneration.
Nature. 2008;453:314–21.

7. Payapvipapong K, Niumpradit N, Piriyanand C, et al. The treatment of
keloids and hypertrophic scars with intralesional bleomycinin skin of color. J
Cosmet Dermatol. 2015;14:83–90.

8. Stewart CE, Kim JY. Application of mitomycin-C for head and neck keloids.
Otolaryngol Head Neck Surg. 2006;135:946–50.

9. Bijlard E, Steltenpool S, Niessen FB. Intralesional 5-fluorouracil in keloid
treatment: A systematic review. Acta Derm Venereol. 2015;95:778–82.

10. Pakyari M, Farrokhi A, Maharlooei MK, et al. Critical role of transforming
growth factor Beta in different phases of wound healing. Adv Wound Care.
2013;2:215–24.

11. Sato M. Upregulation of the Wnt/beta-catenin pathway induced by
transforming growth factor-beta in hypertrophic scars and keloids. Acta
Derm Venereol. 2006;86:300–7.

12. Igota S, Tosa M, Murakami M, et al. Identification and characterization
of Wnt signaling pathway in keloid pathogenesis. Int J Med Sci. 2013;
10:344–54.

13. Lee WJ, Park JH, Shin JU, et al. Endothelial-to-mesenchymal transition
induced by Wnt 3a in keloid pathogenesis. Wound Repair Regen. 2015;23:
435–42.

14. Ma Y, Zhu B, Liu X, et al. Inhibition of oleandrin on the proliferation show
and invasion of osteosarcoma cells in vitro by suppressing Wnt/β-catenin
signaling pathway. J Exp Clin Cancer Res. 2015;6:115.

15. Wahyuningsih MSH, Mubarika S, Ganjar IG, et al. Detection on oleandrin
anticancer mechanism of isolation results of Nerium indicum mill extract
towards MCF-7 cells using fluorescein isothiocyanate-annexin V and agarose
gel. MOT. 2005;10:21–6.

16. Hong DS, Henary H, Falchook GS, et al. First-in-human study of pbi-05204,
an oleander-derived inhibitor of akt, fgf-2, nf-κΒ and p70s6k, in patients with
advanced solid tumors. Investig New Drugs. 2014;32:1204–12.

17. Dachlan I, Aryandono T, Wahyuningsih MSH, et al. The effect of mitomycin-
C in keloid fibroblast cultures. J Med Sci (Berkala Ilmu Kedokteran). 2016;48:
167–74.

18. Taskiran D, Taskiran E, Yerchan H, et al. Quantification of total collagen in
rabbit tendon by the Sirius red method. Turk J Med Sci. 1999;29:7–9.

19. Liang J, et al. Study the oxidative injury of yeast cells by NADH
autofluorescence. Spectrochim Acta A Mol Biomol Spectrosc. 2007;67:355–9.

20. Richard S, Hashim A, Frances W. Effect of mitomycin C on keloid fibroblasts:
an in vitro study. Ann Plast Surg. 2003;50:71–6.

21. Chua AW, Ma D, Gan SU, Fu Z, Han HC, Song C, et al. The role of R-
Spondin2 in keratinocyte proliferation and epidermal thickening in keloid
scarring. J Invest Dermatol. 2011;131:644–54.

22. Xu X, Mao W, Chen Q, Zhuang Q, Wang L, Dai J, et al. Endostar, a modified
recombinant human endostatin, suppresses angiogenesis through
inhibition of Wnt/β-catenin signaling pathway. PLoS One. 2014;9:e107463.

23. Mbah CJ, Uzor PF, Omeje EO. Perspectives on transdermal drug delivery. J
Chem Pharm Res. 2011;3:680–700.

24. Pellet G, Masson-Regnault M, Beylot-Barry M, Labadie M. Irritant contact
dermatitis caused by direct contact with oleander (Nerium oleander). Ann
Dermatol Venereol. 2015;142:434–7.

25. Apted J. Oleander dermatitis. Contact Dermatitis. 1983;9:321.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Dachlan et al. BMC Proceedings 2019, 13(Suppl 11):14 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Isolation and culture of keloid fibroblast
	Experiments
	Measurement of variables
	Proliferative index
	Collagen deposition
	Cellular migration

	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	About this supplement
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

