
Pharmacology and therapeutics

The mechanism of action and clinical benefits of soy for the

treatment of hyperpigmentation

James Leyden1, MD, and Warren Wallo2, MS

1The University of Pennsylvania,

Philadelphia, PA, USA, and 2Johnson &

Johnson Consumer Companies,

Skillman, NJ, USA

Correspondence

Dr Warren Wallo, MS

Johnson & Johnson Consumer

Companies 199 Grandview Road

Skillman

NJ 08558

USA

E-mail: wwallo@its.jnj.com

Editorial services provided by Joshua

Kilbridge and Medisys Health

Communications, LLC.

Funding: Supported by an educational

grant from Johnson & Johnson

Consumer Products, Inc.

Conflict of interest: Dr James Leyden

discloses that he has received an

honoraria for being an investigator for

Johnson & Johnson, Avon, Neutrogena,

ROC, and Mary Kay. Warren Wallo

discloses that he is an employee of

Johnson & Johnson Consumer

Companies, Inc. and receives a salary,

stock and stock options from them.

Abstract

Background Hyperpigmentation disorders are common and diverse conditions that may

require treatment for medical and/or cosmetic reasons. Hyperpigmented lesions can reduce

patients’ quality of life, self-perception, and social and vocational functioning. The most

commonly used treatments for hyperpigmentation include topical agents, such as

hydroquinone, retinoids and azelaic acid.

Objectives Current topical treatments have significant limitations; they often do not

produce adequate results and may be limited by adverse effects, such as dermatitis. Soy

and soy-based products have demonstrated a wide range of potential benefits for health

and nutrition, including a range of dermatological effects.

Methods Research from the last decade has identified multiple mechanisms by which

soy-derived products may affect skin pigmentation, as well as photodamage and

photoaging, overall skin health, and even the risk for and progression of skin cancer.

Results Preclinical evidence has demonstrated that soy-derived serine protease inhibitors

affect skin pigmentation by inhibiting protease-activated receptor-2-mediated phagocytosis

of melanosomes by keratinocytes.

Conclusion Soy-based products containing these serine protease inhibitors may represent

a new therapeutic option for dermatological treatment. Indeed, recent evidence from

randomized clinical studies supports the safe and effective use of soy products for the

treatment of hyperpigmentation.

Introduction

Hyperpigmentation disorders are common, encompassing
multiple types and etiologies. These disorders are often
benign, but can have a significant impact on psychosocial
functioning and self-perception. Topical agents are the
most common form of treatment for hyperpigmentation.
These agents include hydroquinone, retinoids, azelaic acid,
kojic acid and others, as well as combinations of agents.

Over the last 10 years, a wide range of dermatological
and other benefits associated with soy-based products has
been reported in the literature. Proposed health benefits
of soy range from effects on carcinogenesis, reduced risk
for heart disease, modulation of peri-menopausal symp-
toms, and a multitude of effects in skin.1–3 Indeed,
mounting evidence suggests a role for soy-based products
in photoprotection, the amelioration of age-associated

skin changes, such as wrinkles and reduced elasticity,
and the treatment of hyperpigmentation.1–10 This article
reviews the evidence supporting the use of soy-based
products for the treatment of hyperpigmentation and the
mechanisms by which these agents may act.

Hyperpigmentation

Hyperpigmentation of the skin is a common disorder that
results from an increase in cutaneous melanin deposition,
either through increased melanin synthesis or increased
numbers of melanocytes.11 Hyperpigmentation may result
from increased production of melanosomes in response
to stimuli such as irritation or hormones; conversely,
hyperpigmentation may result from hyperplasia of mela-
nocytes in response to sun exposure or as a result of some
idiopathic disorders.12
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The location of increased melanin deposition affects the
type of color change and choice of treatment. Increased
melanin in the epidermal layer often appears brown, com-
pared with blue-gray when located in the dermal layer or
brown-gray when both layers are involved.11,13 Because
most therapies for hyperpigmentation are topical, involve-
ment of the dermal layer can be much more difficult to
treat compared with epidermal involvement.14

Treating hyperpigmentation: available

therapies

The treatment of hyperpigmentation may be appropriate for
cosmetic and/or medical reasons. The goals of treating hyper-
pigmentation include inhibiting the formation and promoting
the degradation of melanosomes, as well as inhibiting the
proliferation of melanocytes.11 Therapies commonly used for
hyperpigmentation of the epidermal layer include topical
agents (Table 1), as well as dermabrasion and laser therapy.
Topical agents are the most widely used therapy.11

The gold standard for topical therapy is hydroquinone,
a phenolic compound that inhibits the tyrosinase enzyme,

thereby reducing the production of melanin.15 It is often
used in combination with a retinoid and a topical cortico-
steroid. The combination of hydroquinone, tretinoin and
dexamethasone, for example, has been widely used for
hyperpigmentation since its introduction in 1975.11 The
retinoids tretinoin and tazarotene have also demonstrated
pigment-lightening activity. Tretinoin acts through inhibi-
tion of tyrosinase transcription and disruption of melanin
synthesis.11 Retinoids cause cutaneous changes that allow
for better penetration of active depigmenting agents, and
are often used in combination therapy, as described
above.15,16 Another topical agent used for pigment light-
ening is azelaic acid, a reversible inhibitor of tyrosinase
derived from Malassezia.17 Several other compounds have
been used for pigment lightening, including glycolic acid,
kojic acid, arbutin, aleosin, licorice extract, N-acetyl
glucosamine and ascorbic acid.15,17 Only limited data
are available describing the efficacy of these agents for
hyperpigmentation.

There is a clear and outstanding need for more effective,
safer and more tolerable topical agents for the treatment
of hyperpigmentation.

Soy-based products and skin health

For centuries, soy has been associated with health and
nutrition, and growing evidence supports a role for soy-
based products in skin care. Consumption of soy food
products may contribute to reduced risk for cardiovascu-
lar disease,18,19 diabetes,20,21 and breast22 and prostate
cancer.23,24 Several compounds found in soy have been
studied for the promotion of skin health.1–5,7–9,25–27 Soy
isoflavones are the most-studied biologically active
compounds found in soybeans; these compounds include
genistein, daidzin and glycitein.28 Serine protease inhibi-
tors, including soybean trypsin inhibitor (STI) and
Bowman-Birk protease inhibitor (BBI), are also found in
soybeans. Unlike isoflavones, however, the serine protease
inhibitors are generally inactivated during the processing
of soybeans for consumption.10

Both soy isoflavones and serine protease inhibitors have
been associated with potential benefits for skin (Table 2).
Isoflavones, particularly genistein, have multiple effects on
skin and skin cells. In preclinical studies, preparations
containing isoflavones have demonstrated antioxidant
activity, the ability to inhibit tyrosine kinase function,
multiple effects on skin cell growth and proliferation,
response to ultraviolet (UV) exposure, and maintenance of
extracellular matrix.26,27 For example, genistein has been
shown to reverse the inhibitory effects of oxidative stress
on collagen synthesis in vitro, although higher concentra-
tions of the isoflavone may actually inhibit collagen
biosynthesis.27 A molecular biological study reported that

Table 1 Topical agents used for treatment of
hyperpigmentation11,15–17

Class Agent(s)

Phenols Hydroquinone

Mequinol

Rucinol

Retinoids Tretinoin

Tazarotene

Other agents Ascorbic acid

Azelaic acid

Kojic acid

Glycolic acid

N-acetyl glucosamine

Arbutin

Aleosin

Licorice extract

Mulberry extract

Pomegranate extract

Soy proteins

Vitamin E

Combinations Azelaic acid, hydroquinone

Glucosamine, niacinamide

Glycolic acid, hydroquinone

Hydroquinone, tretinoin, topical corticosteroid

Kojic acid, hydroquinone

Mequinol, tretinoin, vitamin C

Retinol, hydroquinone

Salicylic acid, hydroquinone

Reprinted with permission from Stulberg, et al. Am Fam

Phys. 2003; 68: 1955–1960.
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non-denatured soy extracts induced activity of the elastin
promoter and inhibited activity of elastase in a cultured
cardiac myoblast cell line.29 Elastin is a key contributor to
the elasticity of skin, and is degraded by elastases, which
are induced by aging, UV exposure and inflammation.
Other studies have demonstrated that treatment of skin
with soy isoflavones can significantly reduce UV-induced
epidermal thickening as well as measures of skin rough-
ness.8 Intriguing results suggest that topical application of
non-denatured soy milk can inhibit the formation and
growth of skin tumors.5 Application of isolated STI and
BBI also inhibited tumor formation and growth, but to a
lesser degree compared with the soy milk preparation.5

In human studies, use of soy isoflavones improved elas-
ticity and viscoelasticity, reduced wrinkling of the skin,
and led to increased numbers of dermal papillae.1,7,9 One
study in humans demonstrated that genistein can inter-
rupt the UV signaling cascade that is involved in photo-
aging through inhibition of UV-stimulated activation
of epidermal growth factor receptor, mitogen-activated
protein kinase phosphorylation of JNK, collagenase
mRNA induction and other mechanisms.9 Even oral
intake of the isoflavone aglycone has been shown to
significantly improve fine wrinkles and skin elasticity in
human subjects.7 In these human studies, soy-based prod-
ucts demonstrated excellent safety and tolerability.

Mechanisms of skin pigmentation: therapeutic

targets for soy-based products

Skin pigmentation derives from the multistep conversion
of tyrosine to melanin in melanosomes. These organelles

are produced continually by melanocytes and extruded
for incorporation by neighboring keratinocytes.12,30 Once
incorporated by keratinocytes, the melanosomes are traf-
ficked to the apical pole of the cell where they serve to
protect the nucleus by absorbing ultraviolet (UV) light.30

The functional unit of the epidermis responsible for this
activity is the epidermal-melanin unit, which consists of
approximately one melanocyte and 36 keratinocytes.31

Early microscopic studies suggested multiple potential
mechanisms by which melanosomes could be transferred
from melanocytes to keratinocytes. Subsequent studies
demonstrated that keratinocytes ingest melanosomes
through phagocytosis, a mechanism more commonly
associated with immune cells, such as macrophages, neu-
trophils and monoctyes.31 The process of phagocytosis is
a key therapeutic target for soy-based products.

Melanosome regulation: role of protease-

activated receptor-2 (PAR-2)

A key mediator of the transfer of melanosomes from
melanocytes to keratinocytes is the PAR-2. PAR-2 is
expressed on the cell surface of keratinocytes, but is not
expressed on melanocytes.32 Initial evidence of PAR-2
activity in keratinocytes was derived from studies of
thrombin receptor activation. Among its many actions,
the serine protease thrombin is involved in epidermal
response to injury, including the stimulation of fibroblast
proliferation and collagen synthesis.33 Early evidence sug-
gested an effect of thrombin on epidermal keratinocytes
as well, and in vitro studies were undertaken to examine
the effects of thrombin, trypsin and receptor agonist

Table 2 Soy compounds associated with potential benefits for skin1–5,7,8,25,27,28,32,51

Family Examples Activity Potential benefits for skin

Serine protease

inhibitors

Soybean

trypsin inhibitor (STI)

Bowman-Birk protease

inhibitor (BBI)

Protease-activated receptor-2 (PAR-2) inhibition Depigmentation

Treatment of photodamage

Isoflavones Genistein

Daidzin

Glycitein

Aglycone

Antioxidant activity

Tyrosine kinase inhibition

Block UV-induced mitogen-activated protein (MAP)

kinase signal transduction

Preserve cell proliferation and repair mechanics

Stimulate hyaluronic acid production

Reduced collagen degradation

Attenuation of retinoid-induced epidermal hyperplasia

Photoprotection

Improved elasticity

Improved viscoelasticity

Reduced wrinkles

Non-denatured

soy extracts

Inhibition of UVB-induced thymine–thymine dimer

formation

Anti-inflammatory activity

Prevention or reduction of

UVB-induced skin damage

Reduced initiation and

progression of skin cancer

Reprinted with permission from Stulberg et al. Am Fam Phys. 2003; 68: 1963–1968.
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peptides on inositol phospholipid hydrolysis and calcium
homeostasis.34 These studies revealed a potent effect of
trypsin on keratinocytes, and led to the hypothesis
that keratinocytes express the trypsin-sensitive receptor
PAR-2.

PAR-2 is a seven-transmembrane G-protein-coupled
receptor related to the family of thrombin receptors.31

Serine proteases cleave a portion of the extracellular
domain of PAR-2, revealing a new N-terminus that acts
as a tethered ligand for PAR-2 activation (Fig. 1). Syn-
thetic peptides corresponding to this exposed N-terminal
domain have been created for mouse and human PAR-2,
and can be used to activate the receptors without the
need for proteolytic cleavage.31,34 Multiple cell types
express PARs, and the receptors are known to be
involved in a wide range of processes, including cell
growth, and development and regulation of inflamma-
tion.31 PAR-2 activation in keratinocytes produces multi-
ple changes characteristic of phagocytosis, including
cytoskeletal reorganization and specific morphological
changes on the cell surface.35 Cultured keratinocyte cell
lines also demonstrate increased phagocytosis of
fluorescently labeled microspheres and Escherichia coli

bioparticles in response to activation by trypsin or the
PAR-2-activating peptide SLIGRL.35 The Rho family of
GTP-binding proteins plays a central role in the cytoskel-
etal reorganization that occurs during phagocytosis. Using
specific inhibitors of Rho kinase, investigators have
demonstrated that PAR-2-mediated phagocytosis is
Rho-dependent in cultured human keratinocytes, and that
activation of PAR-2 leads to activation of Rho and cyclic
adenosine monophosphate (cAMP).36 In this study,

inhibition of Rho did not alter PAR-2 mRNA, protein or
activity. Other authors reported that stimulation of
PAR-2 led to increased secretion and activation of soluble
serine proteases, potentially representing a positive
feedback mechanism contributing to enhanced activation
of PAR-2.35

The involvement of PAR-2 in melanosome transfer and
pigmentation was demonstrated through studies of mela-
nocyte and keratinocyte co-cultures called epidermal
equivalents. Exposure of these cultures to UVB radiation
increased the number of pigment granules in melanocytes;
the opposite effect was produced by addition of the
depigmenting agent benzaldehyde.37 Treatment with tryp-
sin produced a similar effect to UVB, whereas treatment
with STI decreased pigmentation similarly to benzal-
dehyde.37 The addition of the peptide SLIGRL, which
specifically activates PAR-2, also produced pigmentation
in the epidermal equivalents, indicating that increased
melanosome transfer is related specifically to this
receptor.37 Furthermore, the serine protease inhibitor
RWJ-50353 inhibited the pigmentation induced by UVB
radiation, suggesting that the effects of UVB on pigmenta-
tion may be regulated in part by PAR-2 activation.37 In a
different study, cultured keratinocytes were pretreated
with either SLIGRL or RWJ-50353, and then incubated
with isolated melanosomes. Increased uptake of melano-
somes was observed following SLIGRL treatment and
decreased uptake following RWJ-50353 treatment.38

Electron microscopic analysis of co-cultures treated
with RWJ-50353 revealed that the melanosomes were less
mature and increased in number within melanocytes
compared with untreated control cultures. Furthermore,

Reduced
phagocytosis

Reduced
pigment production

NH2

COOH

Enhanced
phagocytosis

Enhanced
pigment production

Inhibition
of

PAR-2
activation

PAR-2
activation

Trypsin
UV

(SLIGRL)

Newly formed
N-terminus
(or SLIGRL)
is the ligand

STI
Trypsin inhibitors

NH2

COOH

NH2

COOH

COOH

Figure 1 PAR-2 activation and inhibition, and influence on melanosome transfer and pigmentation. PAR-2, protease-activated
receptor-2; STI, soybean trypsin inhibitor. Reprinted with permission from Seiberg. Pigment Cell Res. 2001; 14: 236–242
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there were more melanosomes in the dendrites of treated
keratinocytes compared with control cultures. Together,
these findings suggest that PAR-2 inhibition leads to
abnormal melanosome function and impaired melano-
some transfer into keratinocytes.38 Cell-to-cell contact
appears to be important for these PAR-2-related effects.
Increased pigmentation resulting from application of tryp-
sin and SLIGRL and depigmentation in association with
RWJ-50353 occurred only in two- and three-dimensional
co-cultures, and not in cultures in which keratinocytes
and melanocytes were separated.

In vivo studies describe a similar role for PAR-2 on
pigmentation. Application of SLIGRL to human skin
results in visible darkening and increased deposition of
melanin in keratinocytes.37 Conversely, application of
RW-50353 results in a visible whitening effect when
applied to swine skin for 4 weeks; this effect occurs with-
out signs of inflammation and is reversible following dis-
continuation of treatment.38 The involvement of PAR-2
in melanosome transfer suggests that this receptor may
play a role in normal skin darkening following exposure
to sunlight. Indeed, examination of human skin biopsies
following exposure to UV radiation revealed increased
PAR-2 expression compared with non-irradiated skin.39

Similar results were found in cultured human keratino-
cytes following exposure to UV radiation. Analysis of the
supernatants from these cultures revealed a dose-related
increase in protease activity and specific PAR-2 cleavage
activity.39

Interestingly, the effects of UV radiation on PAR-2
expression in human skin samples were related to skin
type. The expression of PAR-2 was significantly increased
only in skin samples from individuals with type II or III
skin – skin types that tan more easily – and was not
significantly increased in type I skin samples.39 Other
investigators have demonstrated that the expression of
both PAR-2 and trypsin is greater in highly pigmented
compared with lightly pigmented skin types.40 In light
and medium color skins (i.e. type I or II), PAR-2 was
expressed only in the keratinocytes of the lower third of
the epidermis; in dark skin, PAR-2 was expressed
throughout the epidermis.40 Levels of trypsin expression,
proteolytic activity against PAR-2, and PAR-2-induced
phagocytic activity all correlated with skin color.

PAR-2 has also been associated with inflammatory
response during tissue injury,41 and it has been suggested
that the receptor could play a role in conditions such as
post-inflammatory hyperpigmentation. Increased expres-
sion of PAR-2 and trypsin in the epidermis of dark-skinned
individuals could relate to the higher rate of post-inflam-
matory hyperpigmentation described in this population.40

With regard to the inflammatory processes associated with
PAR-2 activation, an interesting recent report noted that

the peptide LIGR (a shorter version of SLIGRL) stimulated
skin pigmentation but not inflammatory processes.42 This
shorter peptide activated only a subset of PAR-2 signaling
pathways, including induction of phagocytosis, but did not
induce secretion of proinflammatory cytokines, prostaglan-
din E2 or other mediators of inflammation.42 PAR-2 may
also regulate pigmentation through a paracrine effect on
melanocytes. One study reported that stimulation of
PAR-2 in keratinocytes led to the release of prostaglandins
E2 and F2a (PGE2 and PGF2a). The authors further noted
that PGE2 and PGF2a stimulated melanocyte dendricity in
a cAMP-independent manner.43

PAR-2 and regulation of apoptosis

Several lines of evidence suggest that PAR-2 may be
involved in the regulation of cell growth and develop-
ment. For example, soy milk, STI and BBI have each been
shown to reduce hair pigmentation and growth rate, and
the dimensions of the hair follicle and shaft.44 These
effects appeared to be independent of papillae cell death,
suggesting that serine protease inhibitors do not affect
hair growth through increased apoptosis. Conversely, pre-
vious studies reported that the application of trypsin
induced apoptosis of the follicular papilla, and resulted in
delayed hair growth and pigmentation.45 Indeed, a num-
ber of studies have implicated serine proteases in the
apoptosis of keratinocytes and other skin cells.45–47

Apoptosis, or programmed cell death, is centrally
involved in the differentiation of basal keratinocytes into
cornified cells, and in the normal cycle of hair follicle
growth and regression. Trypsin has been shown to modu-
late apoptosis in various experimental models of skin. For
example, the apoptosis of the epidermal keratinocyte cell
line Pam212, a model of epidermal differentiation, can be
induced by trypsin and blocked by STI.47 Similarly, tryp-
sin has been shown to induce apoptosis in the follicular
papilla in vivo, resulting in delayed hair growth and pig-
mentation.45 The dynamics of this effect suggested a pos-
sible receptor-mediated mechanism, for which PAR-2 is a
likely candidate. Conversely, trypsin application in a
model of acne characterized by extensive programmed
cell death resulted in reduced apoptosis and improved
biomechanical properties of the skin.46 Together, these
findings suggest a role for PAR-2 in the regulation of cell
growth and development, and in the balance between sur-
vival and apoptosis.

Soy and the treatment of hyperpigmentation:

clinical evidence

The utility of soy for the treatment of hyperpigmentation
derives from the activity of the serine protease inhibitors
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STI and BBI. These inhibitors have been shown to inhibit
the activity of PAR-2, reduce keratinocyte phagocytosis,
affect cytoskeletal organization and reduce pigmenta-
tion.32 In one study, isolated STI and BBI were shown
to reduce pigment deposition in keratinocyte-melanocyte
co-cultures in vitro.32 The same study also demonstrated
that STI, as well as freshly prepared soy milk, reduced
experimentally induced keratinocyte phagocytosis. Micro-
scopic analysis of cell cultures revealed reduced number
and length of cell podia following STI treatment, provid-
ing further evidence that soy serine protease inhibitors
affect pigmentation by reducing the transfer of melano-
somes into keratinocytes. Interestingly, both STI and
soybean extracts reduced pigmentation and prevented
UV-induced pigmentation in vivo.

Initial clinical evidence supports the use of soy-based
topical products containing STI and/or BBI for the treat-
ment of hyperpigmentation.6,10,48,49 One study evaluated
the use of moisturizers containing a total soy complex in
28 women with moderate levels of skin roughness, hyper-
pigmentation, blotchiness and dullness.50 Twice-daily
application of soy-containing product was associated with
significant improvements in dermatologists’ assessments
of pigmentation, radiance, texture, blotchiness and sal-
lowness. Improvements from baseline were statistically
significant within 4 weeks of treatment (P < 0.05), and
progressed throughout the 12-week study. Subject self-
assessments and visible and enhanced photography also
reflected improvements in skin tone, texture and radiance
compared with baseline.

A more recent, randomized, double-blind, controlled
study compared the efficacy of a novel soy moisturizer
containing non-denatured STI and BBI to vehicle in 68
women with moderate facial photodamage.10 Sixty-three
women completed the 12-week study, during which time
they applied active or vehicle product twice daily to their
entire face. Both groups demonstrated significant
improvements compared with baseline in all efficacy
parameters except blotchiness, which was improved only
in the active treatment group. The active treatment, how-
ever, produced significantly greater improvements in mot-
tled pigmentation, blotchiness, dullness, fine lines, overall
texture, overall skin tone and overall appearance com-
pared with vehicle (P £ 0.05). For most parameters, the
difference between groups was significant by study week
2. Specifically with regard to hyperpigmentation, 28 of 31
subjects in the active treatment group showed improve-
ment of at least one grade in mottled hyperpigmentation,
compared with 17 of 32 subjects in the vehicle group.
The active treatment group also showed significant
improvement in subject self-assessment of skin imperfec-
tions as early as week 1 (P £ 0.05 versus baseline). Both
formulations were well tolerated.

Similar results have been reported by other investiga-
tors.6,48,49 One group reported that evaluation of a soy-
based product containing STI demonstrated significant
improvements in hyperpigmented lesions and reductions
in postinflammatory hyperpigmentation, and desquama-
tion and erythema following UV exposure.6

Conclusions

Hyperpigmentation disorders represent a diverse spectrum
of conditions, including postinflammatory hyperpigmenta-
tion, melasma, ephelides and lentigines. Soy-derived prod-
ucts have demonstrated numerous dermatological benefits
in vitro and in vivo, ranging from depigmentation to pre-
vention of photodamage and photoaging, to the potential
to reduce the risk for and progression of skin cancer. Pre-
clinical studies demonstrated that non-denatured soy
products containing soy-derived serine protease inhibitors
reduce pigmentation by inhibiting PAR-2-mediated
phagocytosis of melanosomes by keratinocytes. PAR-2
appears to play a role in multiple aspects of skin biology,
including pigmentation, inflammatory response, and cell
growth and development. Together, the evidence indicates
that PAR-2 is an excellent candidate target for therapeu-
tic intervention. Initial clinical evidence supports the safe
and effective use of soy products for hyperpigmentation.
Future clinical study is required to better delineate the
mechanisms, effects, and benefits of soy for dermatological
applications.
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