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Vanillin increases stem cell signal and 
cell adhesion in keratinocytes

Supak Taboonpong1, Chayanin Kiratipaiboon2, 
Preeyaporn Plaimee Phiboonchaiyanan2, Pornlert Trithossadech3, 
Premjit Juntongjin1, Pithi Chanvorachote2,4

1Department of Dermatology, Chulabhorn International College of Medicine, 
Thammasat University, Pathum Thani 12120, Thailand, 2Cell-based Drug and 
Health Product Development Research Unit, Faculty of Pharmaceutical Sciences, 
Chulalongkorn University, Bangkok 10330, Thailand, 3Lion Supannahong Institute 
of Dermatology, Bangkok 10330, Thailand, 4Department of Pharmacology 
and Physiology, Faculty of Pharmaceutical Sciences, Chulalongkorn University, 
Bangkok 10330, Thailand

INTRODUCTION

Vanillin (Figure 1a) is the predominant aroma 
compound of the vanilla cured beans [1]. It can be 
made synthetically from eugenol or guaiacol and 

lignin. In analytical chemistry, a flavoring agent process, and 
in perfumery have used vanillin as a reagent [2]. Essentially, 
the safety profile of vanillin has been well accepted as the 
worldwide authorities approved vanillin as a food additive in 
a safe (generally recognized as safe) status by the US FDA [3]. 

Vanillin has been established as an anticlastogen, from its 
properties to suppress gene mutations in both bacterial and 
mammalian cells [4-7]. Vanillin has been shown to protect 
against H2O2-induced DNA damage in human peripheral blood 
cells [8]. In addition, vanillin has the ability to protect human 
keratinocyte stem cells against ultraviolet B irradiation [9].

Human skin is a permeability barrier against harmful 
pathogen and ultraviolet radiation. Human skin also provides 
functions in thermoregulation, sensation, and physical 
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ABSTRACT

Introduction: Keratinocyte stem cells, residing in the basal layer of the epidermis, are thought 
to function in the process of the epidermis renewal and maintain the barrier property of the 
skin. Objective: This study has explored for the first time that vanillin, a natural compound 
from vanilla cured beans, has the ability to augment the stem cell property and signaling in the 
human HaCaT keratinocytes. Methods: The cell viability effect of vanillin on the keratinocytes 
was investigated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The 
Western blot analysis was performed to determine the level of stem cell-mediated proteins, 
mesenchymal, and epithelial markers. Results: Results showed that treatment of the HaCaT 
cells with vanillin at non-toxic concentrations was able to significantly up-regulate the stemness 
mediators Oct-4, p-Oct-4 and Nanog. Besides, we investigated the mesenchymal and epithelial 
makers and found that vanillin could increase the expression of epithelial adhesive protein 
E-cadherin but has no significant effect on mesenchymal mediator slug. Conclusions: As the 
stem cells, as well as their stemness properties, hold the central functions of skin renewal and 
repair, information gain from this study may benefit the development of vanillin to be used for 
skin therapy.
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appearance [10]. Epidermis is the outermost layer of the skin. 
As the epidermis is the first barrier to encounter damage, it 
constantly has tissue renewal; the ongoing keratinocyte renewal 
process is essentially required for sustaining the balance of skin. 
In the ageing situation, activities and amounts of epidermal 
stem cells were found to be dramatically reduced [11]. For 
epidermis layer of the skin, the main function is to provide 
the strong protective barrier against the loss of moisture and 
the intrusion of foreign organisms and substances [12]. Thus, 
maintaining cell stemness might be the good way to keep the 
nearest level of the healthy skin. It has been reported that 
Oct-4 and Nanog are the transcription factors which control the 
stem cell signatures in human [13,14]. Oct-4 orchestrates with 
Nanog and Sox-2 to activate or hamper genes controlled stem 
cell identity [13,14]. Phosphorylated Oct-4 (p-Oct-4) is Oct-4 
which has been phosphorylated and it has been found that 
phosphorylated Oct-4 is involved in the process of stem-like 
cells proliferation [15]. Cell adhesion molecule has also been 
shown to support the stem cell property of keratinocytes [16]. 
Furthermore, the loss of E-cadherin, a transmembrane protein 
functioning in adhering the adjacent cells together has been 
shown to impair the skin junction formation, deteriorated 
intercellular adhesion and raises apoptosis rate [16].

Despite showing various potential benefits on medicinal 
use, the effect of vanillin on human keratinocyte stem cells has 
never been reported. Herein, we revealed that vanillin could 
increase the stemness markers Oct-4, p-Oct-4 and Nanog, and 
cell adhesion (E-cadherin) molecule in keratinocytes. Together 
with it highly safe profile, vanillin could make a good candidate 
for development to be used for benefiting the healthy epidermis 
via the enhancement of keratinocyte stemness.

MATERIALS AND METHODS

Vanillin Preparation

Vanillin compound (99.9%, Lot: P500245) was purchased from 
Sigma Chemicals Co. (St. Louis, MO, USA). Vanillin solution was 

prepared according to aseptic technique protocol by dissolving 
the compound in sterile phosphate buffered saline (PBS).

Cell Culture

Human keratinocyte HaCaT cells were obtained from the 
Cell Lines Service (CLS, Heidelberg, Germany). The cells 
were cultured in Dulbecco’s modified eagle medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS). Cells were 
maintained in a 37°C humidified incubator with a 5% CO2 
atmosphere. Cells were routinely passaged at preconfluent 
density using a 0.25% trypsin solution with 0.53 mM 
ethylenediaminetetraacetic acid (EDTA). DMEM medium, 
FBS, L-glutamine, PBS, trypsin, and EDTA were purchased 
from GIBCO (Grand Island, NY, USA).

Cell Viability Assay

Cell viability was evaluated by 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay, which measures 
cellular capacity in reducing MTT (yellow) to purple formazan 
crystal by mitochondria dehydrogenase enzyme. After specific 
treatments with vanillin, the cells were incubated with 100 µl 
of MTT (500 µg/ml) (Invitrogen, Carlsbad, CA, USA) for 4 h at 
37°C. The intensity of MTT product was measured at 570 nm 
using a microplate reader (Anthos, Durham, NC, USA). Cell 
viability was calculated by the following equation to the 
relative cell viability of the different treated doses:

Cell viability 
A57  of treatment

A57  of control
%( ) = 0

0

Western Blot Analysis

HaCaT cells were seeded at a density of 5 × 104 cells/well onto 
6-well plate for 12 h and cultured in the presence of various 
concentrations of vanillin (0, 50, 100, 200, 400 µM) for 48 h. 
After washing the cells with PBS, cells were incubated with 
ice-cold lysis buffer containing 20 mM TrisHCl (pH 7.5), 0.5% 
Triton X-100, 50 mM sodium fluoride, 150 mM sodium chloride, 
1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl 
fluoride, and a protease inhibitor cocktail (Roche Molecular 
Biochemicals) for 60 min on ice. Protein content was then 
evaluated using bicinchoninic acid protein assay kit from 
Pierce Biotechnology (Rockford, IL, USA). Equal amounts of 
proteins (100 µg) were heated at 95°C for 5 min with Laemmli 
loading buffer.

The proteins were then loaded on 10% sodium 
dodecyl sulfate-polyacrylamide electrophoresis. After 
separation, proteins were subsequently transferred onto 
0.45 µm nitrocellulose membranes (Bio-Rad). Thereafter, 
the membranes were blocked with 5% skim milk in TBST 
(25 mM Tris-HCl (pH 7.5), 125 mM NaCl, 0.05% Tween-20) at 
room temperature for 1 h. Membranes were washed 3 times in 
TBST for 5 min and incubated with specific primary antibodies 
against Oct-4, Nanog, p-Oct-4, E-cadherin, α-tubulin, and 
glyceraldehyde 3-phosphate dehydrogenase (Cell Signaling, 
Danvers, MA, USA) at 4°C overnight. Membranes were 
washed in TBST for 5 min 3 times and incubated with 
horseradish peroxidase-coupled secondary antibodies for 2 h 
at room temperature. The immune complexes were detected 
with chemiluminescence substrate (Supersignal West Pico; 

Figure 1: (a) Vanillin structure, (b) the effect of vanillin on viability of 
HaCaT cells by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay. Cell viability of HaCaTs were determined after treated 
with vanillin (0-400 µM) for 24 h. The data represent the means of 
three independent experiments ± standard deviation. *P < 0.05 
versus non-treated control
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Pierce, Rockford, IL, USA) and quantified using analyst/PC 
densitometry software (Bio-Rad, Hercules, California, USA).

Statistical Analysis

Data were obtained format least three independent experiments 
and presented as means ± standard deviation. Statistical analysis 
was performed using one-way ANOVA with post-hoc test at a 
significance level (α) of 0.05. These analyses were performed 
using SPSS Version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Effect of Vanillin on Viability of HaCaT Cells

To evaluate the effect of vanillin on stemness, its concentration 
effect on HaCaT cell viability was first examined. The non-
cytotoxic concentrations of the vanillin were determined 
by treatment of the human keratinocyte HaCaT cells with 
vanillin at the concentrations of 0-400 µM and cell viability 
was determined after 24 h by MTT viability assay. The results 
showed that treatment of the cells with vanillin caused no 
significant change in cell viability compared with non-treated 
control (Figure 1b). This information may help to clarify 
that the following effects of vanillin on HaCaTs were not a 
consequence of cytotoxic effect or cell stress.

Effect of Vanillin on HaCaT Cell 
Proliferation

The effect of vanillin on the proliferation of HaCaT cells is 
shown in Figure 2. Cells were exposed to various concentrations 
of vanillin (0-400 µM) for 72 h, and cells were cultured in 
normal growth condition for 72 h. Results indicated that all 
tested concentrations of vanillin did not affect the proliferative 
activity of the cells. This information further informed that 
vanillin used in these experiments had no proliferative effect.

Vanillin Increases Expression of Stem Cell 
Markers

To prove the effect of vanillin on the increase of stemness 
of keratinocytes, the expression of stem cell key molecular 
markers was investigated. The Oct-4, Nanog, and p-Oct-4 
expressions have been recognized as the indicators for 
stemness of cells [17,18]. The cells were treated with vanillin 
in dose-dependent manners and the expression level of Oct-4, 
Nanog and p-Oct-4 was determined by Western blot analysis. 
The results showed that vanillin increased the cellular level of 
p-Oct-4 in keratinocyte at the concentration of 200-400 µM 
(Figure 3a and c). Furthermore, the level of Oct-4 and Nanog 
was significantly increased in the 400 µM vanillin-treated 
cells (Figure 3a, b and d). These data indicated that vanillin 
increased the stemness of keratinocyte cells.

Vanillin Increases Expression of Cell 
Adhesion E-cadherin

To further provide additive information about vanillin in 
regulation of epithelial to mesenchymal transition (EMT) 
and cell adhesion, the cells were treated with non-toxic 
concentrations of vanillin as previously described, and the 
expression of EMT and adhesion was investigated by Western 

blot analysis. E-cadherin expressions have been recognized as 
the indicators for adhesion strength [16]. Results indicated that 
vanillin increased E-cadherin in a concentration dependent 
manner at 48 h of treatment compared with non-treated 
control (Figure 4). However, there was no significant change 
in the level of EMT marker slug. These data indicated that 
vanillin increased the adhesion strength of keratinocyte cells.

DISCUSSION

Epidermal stem cells residing in the basal layer [19], 
corporate in the epidermal proliferative unit which is a 
three-dimensional organized microenvironment surrounding 
one single stem cell. Epidermal stem cells are the key factor 
in maintaining epidermal homeostasis via the cell renewal 
process and cytokine production [11]. Such stem cells have 
the self-renewal ability along human lifespan. Here, we found 
the effect of the safety compound vanillin in augmenting the 
stem cell signals in human keratinocyte cells.

In stem cell research, transcription factors namely Oct-4, 
Nanog and p-Oct-4 have been accepted as a dominant stemness 
mediator and were widely used as biomarkers for human stem 
cells detection [20]. Oct-4 is the essential signal which governs 
the pluripotency of stem cells [20]. In pluripotent cells, Oct-4 is 
normally found numerously, while it is dramatically depressed 
on the process of cell differentiation [17,21]. Moreover, Oct-4 
collaborates with Nanog, Sox-2 and other core transcriptional 
factors, to activate essential RNAs for pluripotency of the 
stem cells [14]. Our study found that vanillin has risen 
up the cellular levels of Oct-4, Nanog and p-Oct in HaCaT 
keratinocytes, indicating the augmentation effect of the 
compound on keratinocyte stemness. Hence, to sustain self-
renewal, stem cells must have niche anchoring via adhesion 
molecules [16]. Moreover, another important role of adhesion 
molecules is to regulate stem cell function - retention, division, 
and exit [22]. Therefore, stem cell-niche adhesion is crucial for 
stem cell self-renewal and is dynamically regulated.

Figure 2: Effect of vanillin on HaCaT cells proliferation. Cells 
were treated with vanillin (0-400 µM) for 72 h, after that cells 
were replated. HaCaT cells proliferation at 0, 24, 48, 72 h was 
determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay. The data represent the means of three independent 
experiments ± standard deviation. *P < 0.05 versus non-treated control
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Special adhesive characteristics of epidermal stem cells 
that distinct from their more differentiated progeny [23] 
are composed of (1) Increased cell-cell cohesiveness and 
(2) increased extracellular matrix adhesiveness [24-28]. These 

characteristics are mainly regulated by cadherins for cell-cell 
interactions and integrins for regulate cell-matrix interactions.

By using invented skin-specific RNAi technology [29], it 
was proved that when only E-cadherin is suppressed in vitro, 

Figure 3: Evaluation of stemness markers. HaCaT cells were treated with vanillin for 48 h. (a) The expression levels of stemness markers 
in HaCaT cells were determined by western blotting, (b) relative Oct-4 levels, (c) relative p-Oct-4 levels, and (d) relative Nanog levels were 
quantified by densitometry. Data represent mean ± standard deviation (n = 3). *P < 0.05 versus non-treated control

dc

ba

Figure 4: Evaluation of epithelial to mesenchymal transition (EMT) markers. HaCaT cells were treated with vanillin for 48 h. (a) The expression 
levels of EMT markers in HaCaT cells were determined by western blotting, (b) relative E-cadherin levels, and (c) relative slug levels were 
quantified by densitometry. Data represent mean ± standard deviation (n = 3). *P < 0.05 versus non-treated control
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deceleration of epidermal sheet formation was found. When 
both E- and P-cadherins are blocked, expanding of defects to 
adherens junctions, desmosomes, tight junctions, and cortical 
actin dynamics was exhibited. In, E-cadherin inhibition 
caused impaired junction formation, deteriorated intercellular 
adhesion and raises apoptosis rate. Therefore, the active 
compound like vanillin could benefit the skin barrier function 
via the positive regulation on E-cadherin protein.

As we found that vanillin increased E-cadherin expression 
in human keratinocytes, through this manner, the strength of 
cohesion between cells is increased, consequently. Besides, the 
stem cells could tightly incorporate to the surrounding cells 
and receive signals from their niches more effectively. As stem 
cell-niche adhesion is crucial for stem cell self-renewal, increase 
expression of adhesion molecule in the niche might affect 
stemness marker to raise in the same way. In the aging period, 
it is hard to avoid the condition of age-associated inflammation 
skin. In such a situation, activities and amounts of epidermal 
stem cells have been found to be dramatically reduced [11]. 
Decrease stem cell function and population from age-associated 
inflammation skin have been reported to deteriorate skin 
function [11]; therefore, enhancement of cell adhesion and 
stemness by vanillin observed in this work may attenuate the 
defect skin in such a process of inflammation and aging.

CONCLUSION

We demonstrated that vanillin has a potential to increase 
cell-cell cohesion and stemness in human keratinocyte 
cells. Cell-cell cohesion is essential for skin barrier function, 
being strength niches and benefit stem cell property. As the 
stemness of keratinocytes is an important factor determining 
the function of epidermis as well as it regeneration processes, 
vanillin may be a potential candidate for enhancement of the 
skin protective and repair functions. In conclusion, this study 
provides for the first time the interesting effects of vanillin 
on cell stemness enhancement and cell adhesion warranting 
the further investigations of developing this compound for 
therapeutic and cosmeceutical applications.

ACKNOWLEDGMENT

This study was supported by a grant for International Research 
Integration: Chula Research Scholar, Ratchadaphiseksomphot 
Endowment Fund and Ratchadaphiseksomphot Endowment 
Fund under Outstanding Research Performance Program.

REFERENCES
1. Dignum MJ, Kerler J, Verpoorte R. Vanilla production: 

Technological, chemical, and biosynthetics aspects. Food Rev Int 
2001;17:119-20.

2. Maynard RL. The Merck Index: 12th edition 1996. Occup Environ 
Med 1997;54:288.

3. Safety IPoC. OECD Screening Information Data Set (SIDS). Vanillin: 
UNEP Publications; 2005. Available from: http://www.inchem.
org/documents/sids/sids/121335.pdf. [Last cited on 2016 Feb 5].

4. Watanabe K, Ohta T, Watanabe M, Kato T, Shirasu Y. Inhibition of 
induction of adaptive response by o-vanillin in Escherichia coli B. 
Mutat Res 1990;243:273-80.

5. Keshava C, Keshava N, Ong TM, Nath J. Protective effect of 
vanillin on radiation-induced micronuclei and chromosomal 
aberrations in V79 cells. Mutat Res 1998;397:149-59.

6. Akagi K, Hirose M, Hoshiya T, Mizoguchi Y, Ito N, Shirai T. 
Modulating effects of ellagic acid, vanillin and quercetin in a 
rat medium term multi-organ carcinogenesis model. Cancer Lett 
1995;94:113-21.

7. Gustafson DL, Franz HR, Ueno AM, Smith CJ, Doolittle DJ, 
Waldren CA. Vanillin (3-methoxy-4-hydroxybenzaldehyde) 
inhibits mutation induced by hydrogen peroxide, N-methyl-N-
nitrosoguanidine and mitomycin C but not (137)Cs gamma-
radiation at the CD59 locus in human-hamster hybrid A(L) cells. 
Mutagenesis 2000;15:207-13.

8. Liu GA, Zheng RL. Protection against damaged DNA in the single 
cell by polyphenols. Pharmazie 2002;57:852-4.

9. Lee J, Cho JY, Lee SY, Lee KW, Lee J, Song JY. Vanillin protects 
human keratinocyte stem cells against ultraviolet B irradiation. 
Food Chem Toxicol 2014;63:30-7.

10. Blanpain C, Fuchs E. Epidermal stem cells of the skin. Annu Rev 
Cell Dev Biol 2006;22:339-73.

11. Doles J, Storer M, Cozzuto L, Roma G, Keyes WM. Age-associated 
inflammation inhibits epidermal stem cell function. Genes Dev 
2012;26:2144-53.

12. Chu DH. Development and structure of skin. In: Goldsmith LA, 
Katz SI, Gilchrest BA, Paller AS, Leffell DJ, Wolff K, editors. 
Fitzpatrick’s Dermatology in General Medicine. 8th ed. New York: 
The McGraw-Hill Companies; 2012.

13. Boyer LA, Lee TI, Cole MF, Johnstone SE, Levine SS, Zucker JP, 
et al. Core transcriptional regulatory circuitry in human 
embryonic stem cells. Cell 2005;122:947-56.

14. Shi G, Jin Y. Role of Oct4 in maintaining and regaining stem cell 
pluripotency. Stem Cell Res Ther 2010;1:39.

15. Zhao QW, Zhou YW, Li WX, Kang B, Zhang XQ, Yang Y, et al. 
Akt-mediated phosphorylation of Oct4 is associated with the 
proliferation of stem-like cancer cells. Oncol Rep 2015;33:1621-9.

16. Chen S, Lewallen M, Xie T. Adhesion in the stem cell niche: 
Biological roles and regulation. Development 2013;140:255-65.

17. Niwa H. How is pluripotency determined and maintained? 
Development 2007;134:635-46.

18. Boiani M, Schöler HR. Regulatory networks in embryo-derived 
pluripotent stem cells. Nat Rev Mol Cell Biol 2005;6:872-84.

19. Hsu YC, Li L, Fuchs E. Emerging interactions between skin stem 
cells and their niches. Nat Med 2014;20:847-56.

20. Jerabek S, Merino F, Schöler HR, Cojocaru V. OCT4: Dynamic 
DNA binding pioneers stem cell pluripotency. Biochim Biophys 
Acta 2014;1839:138-54.

21. Livigni A, Brickman JM. Oct4: The final frontier, differentiation 
defining pluripotency. Dev Cell 2013;25:547-8.

22. Marthiens V, Kazanis I, Moss L, Long K, Ffrench-Constant C. 
Adhesion molecules in the stem cell niche - more than just 
staying in shape? J Cell Sci 2010;123:1613-22.

23. Giangreco A, Jensen KB, Takai Y, Miyoshi J, Watt FM. Necl2 
regulates epidermal adhesion and wound repair. Development 
2009;136:3505-14.

24. Estrach S, Legg J, Watt FM. Syntenin mediates delta1-induced 
cohesiveness of epidermal stem cells in culture. J Cell Sci 
2007;120:2944-52.

25. Fuchs E, Dowling J, Segre J, Lo SH, Yu QC. Integrators of 
epidermal growth and differentiation: Distinct functions for 
beta 1 and beta 4 integrins. Curr Opin Genet Dev 1997;7:672-82.

26. Halbleib JM, Nelson WJ. Cadherins in development: Cell adhesion, 
sorting, and tissue morphogenesis. Genes Dev 2006;20:3199-214.

27. Molès JP, Watt FM. The epidermal stem cell compartment: Variation 
in expression levels of E-cadherin and catenins within the basal 
layer of human epidermis. J Histochem Cytochem 1997;45:867-74.

28. Watt FM. Role of integrins in regulating epidermal adhesion, 
growth and differentiation. EMBO J 2002;21:3919-26.

29. Tinkle CL, Pasolli HA, Stokes N, Fuchs E. New insights into 
cadherin function in epidermal sheet formation and maintenance 
of tissue integrity. Proc Natl Acad Sci U S A 2008;105:15405-10.


