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ABSTRACT

Background and Objective: Hair whitening is among important cosmetic problems in both genders but more
annoying between women which necessitates more research about hair repigmenting methods or probable
therapeutic drugs. The objective of this research was to review the mechanisms of hair pigmentation as well as
the drug-related hair repigmentation.

Methods: In this review article, we searched PubMed, Medline and Google scholar databases and reviewed all
related articles in this area (hair repigmentation) since the reversal of canities has been an important cosmetic
concern many years ago.

Results: No reports of changes of hair color have been identified with lamivudine in the present research. Herein
can be reported as the first case of hair repigmentation following the use of lamivudine.

Conclusion: We reported a case of hair pigmentation with lamivudine for the first time that could be a desirable
drug-induced side effect, also review all related articles about hair repigmention or reversal of canities. By
research on probable mechanisms of drug-induced hair repigmentation, we may achieve a therapeutic strategy of

hair graying as an important and highly prevalent cosmetic concern.
Keywords: Lamivudine; hair repigmentation; reversal canities; drug-induced, review

INTRODUCTION

Hair whitening is among important cosmetic problem in both
genders but more annoying between women which
necessitates more research about hair repigmenting methods
or probable therapeutic drugs.

Lamivudine with the common name of 3TC is used to
treat and prevent viral diseases such as HIV/AIDS and
hepatitis B, in the case of not having other choices. As a
nucleoside reverse transcriptase inhibitor, its function has been
described as inhibiting the reverse transcriptase enzyme of
HIV and HBV (The American Society of Health-System
Pharmacists, 2016).

Lamivudine is a prescription medicine approved by the
U.S. Food and Drug Administration (FDA) for the therapy of
AIDS in adults and children 3 months of age and older.
However, other HIV medications are always prescribed along
with lamivudine. Additionally, lamivudine combined with other
medications is efficient in the treatment of hepatitis B and may
be included in the HIV regimen of an infected person.

In this article, we reviewed the mechanisms of hair
pigmentation as well as the drug-related hair repigmentation
that we summarized in Table 1.

MATERIALS AND METHOD

For the literature review on this case, we searched PubMed,
Medline and Google scholar databases and included all related
articles published until November 2018. Written consent was
obtained from the patient for publication of this article and all
related images.

RESULTS

No reports of changes of hair color have been identified
with lamivudine in the present article. Herein can be
reported as the first case of hair repigmentation following
the use of lamivudine.

CASE REPORT

An 84-year-old man, who was known as a case of hepatitis
B virus HBV,from 30 years ago,on therapy
with lamivudine from April 2014, presented in December
2015 with hair repigmentation over the previous month.

He denied any exogenous dye. His hair was sent for
chemical examination to the Chief Chemical Examiner's
laboratory. No dye could be extracted from the hair and it
was proved that the pigmentation was not of exogenous
origin. The darkened hair persisted during therapy and did
not revert to the original white color. The drug history of the
patient included: nitroglycerin, metoral, losartan,
lamivudine,  teriamterene-H,  betahistine,  nephrovit
(multivitamin), calcitriol and pantoprazole, that among them
lamivudine seems to be the responsible drug
chronologically (see Figures 1, 2 a, b, c).

Figure 1: Before therapy with Lamivudine
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a
Figure 2a-b-c: After therapy with Lamivudine.

Table 1: Drug-induced hair repigmentation (submitted as the attachment)

Drug

Authors

Findings

Biologic-immunotherapy
anti-melanoma/anti-
cancer

Manson et al., 2018

As shown in many studies, hair repigmentation related to progressive colorectal cancer and
Hodgkin Lymphoma in male patients who received Nivolumab treatment. Notably, the present novel
case appears to support the relation among a good response and HR.

Rivera et al., 2018

Based on a case series on 53 patients with lung cancer who underwent treatment with anti—
programmed cell death 1 (PD-1) and anti-programmed cell death 1 ligand 1 (PD-L1) antibody,
about 30% of patients experienced reversal of canities.

Sebaratnam et al.,
2018

About probable mechanism of hair repigmentation by PD-1 and PD-L1 antibodies: it could be said
that, the hair follicle has a distinctive immune privilege through local expression of
immunosuppressive growth factors such as TGF-B (transforming growth factor $) and down
regulation of major histocompatibility complex (MHC) class | molecule expression. Notably, down
regulation of expression of MHC class | can also be one of the majorly used devices by tumor cells
to avoid the immune system of the host. With activating melanogenesis as a part of the normal hair
cycle, the likelihood of autoimmune insult comes down due to maintenance of this immune
sanctuary.

Correa-Selm and
Grichnik, 2018

This review discusses about probable mechanism of drug-induced hair repigmentaion like local
changes in the inflammatory response, changes in the cellular milieu, or changes in cytokines,
including stem cell factors, hepatocyte growth factors, and endothelin 3, which can be affected by
PD1 inhibition and consequently recruiting inactive melanocyte stem cells to produce pigments in
the hair follicles.

Correa-Selm and
Grichnik, 2017

The Krox-20 gene encodes a zinc finger transcription factor that appears to have a role in hair
repigmentation by multiple mechanisms.

Rivera et al., 2017

First finding, which conducted on 14 cases, showed that anti-PD-1/anti-PD-L1 therapy for lung
cancer can be resulted in hair repigmentation. However, in this patients treated with this kind of
therapy, hair repigmentation was considered as a good response marker.

Endou et al., 2014

Effects of genes indicated to affect melanocyte development is shown in a functional model of
mouse' hair graying; Kitl, hepatocyte growth factor (HGF) and endotheline 3 (ET3) are examples of
the genes among them Kitl is considered as a more efficient factor in preventing canities, compared
to HGF or ET3.

Chemotherapy agents

Penzi et al., 2017

Repigmentation due to Brentuximab, an antibody-drug conjugate, was firstly found in this study; this
medication is administered for the treatment of refractory Hodgkin lymphoma and systemic
anaplastic large cell lymphoma, and has been approved by the FDA.

Dai et al., 2017

During treating with targeted anticancer therapies, there is a substantial risk of development of
pigmentary changes, especially with epidermal growth factor receptors and breakpoint cluster
region-abelson inhibitors.

Lovering et al., 2016

The first study of case of hair repigmentation that used a related immunomodulatory drug
(thalidomide) as well

Cheng et al., 2014

Hair repigmentation has been reported among side effects of erlotinib, although among desirable
ones.

Dasanu et al., 2013

Report of hair regimentation connecting with the application of lenalidomide as the treatment of
multiple myeloma in an old patient. The effect of

lenalidomide on follicular melanogenesis may involve removing the inhibitory effects of some
cytokines including IL-1, IL-6 and TNF-a. Also, certain endocrine effects of lenalidomide on the
hypophyseal-adrenal axis could explain its effect on hair pigmentation. We consider that
repigmentation of gray hair follicles would be promoted may be because of being ability of stimulate
migration and/or differentiation of melanocytes in lenalidomide.

Kudo et al., 2011

Erlotinib toxicity would be present as a cosmetic side effect like hair repigmentation.
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Ehmann et al., 2011

Hair changes are among various cutaneous side-effects associated with EGFR inhibitors with long
time interval.

Wollenberg et al., 2010

Different Hair changes could be seen with EGFR inhibitors.

Galimont-Collen et al.,
2007

Hair changes are among cutaneous side-effects of EGFR inhibitors but are among less common
complications.

Etienne et al., 2002

During treatment, 9 of 133 cases (5 men and 4 women; median age, 63.4 years) with chronic
myeloid leukemia that received treatment with imatinib, also experienced progressive
repigmentation of their hair (in 8 cases the effects were observed on the head, and in one case, on
the body and head).

Babu et al., 1995

Canities reversal could be occurring during chemotherapy.

Biologic anti-psoriatic
agents

Rongioletti et al., 2018

Report of a case with repigmentation and regrowth of hair following treatment with anti—interleukin-
17 and secukinumab for psoriasis.

Di Cesare et al., 2015

Returning of expression of pigmentation gene with the partial manifestion of speckled lentigo-like
lesions in resolving plaques of psoriasis can be caused by Blockade of TNF-a and IL-17

Tintle et al., 2015

Of side effects of adalimumab, used in treating psoriasis, can be hair loss, or alopecia; no change
in hair repigmentaion caused by using this class of drug has been yet reported, though.

Wang et al., 2013

The synergistic efficacy on melanocytes from IL-17 and TNF-a, which both inhibit pigmentation-
related signaling and melanin production and induce keratinocyte production of B-defensin-3 (an
antagonist for melanocortin 1 receptor), was studied.

Choi et al., 2013

An altered immune control in the hair cycle can cause hair darkening and thickening to increased
anagen growth phase, eliminating the inhibitory influences of IL-17 following the use of
secukinumab. The synthesis of antimelanogenic cytokine IL-6 in cultured normal human
melanocytes may be increased by IL-17.

Kotobuki et al., 2012

In psoriasis skin lesions that over express pro-inflammatory cytokines such as IL-17 and TNF-a, a
reduction in pigmentation signaling and expression of pigment gene would be seen which could be
counteracted by treatment with TNF-a and IL-17 inhibitors.

Retinoids Nagase et al., 2017 It is unclear why etretinate therapy causes hair alteration, which includes repigmentation and
curling; it would be due to the efficacy of retinoids on melanocyte stem cells located in the
bulge/sub-bulge area and with follicular keratinization.

Tengattini et al., 2015 A case with psoriasis that had darkening of gray hair and diffuse hyperpigmentation of the skin on
some areas of the head, following therapy with acitretin and UVB.

Ward et al., 2014 A patient with hair repigmentation and curling on acitretin therapy.

Wang et al., 2011 UVR causes melanocyte proliferation/activation in epidermis and dermis as RXRa (ep-/-) mice
showed.

Seckin And Yildiz, 2009 | Darkening of previously white hair in a case with psoriasis along with gaining a curly appearance
occurred 6 months after treatment by acitretin

Vesper et al.1996 Hair re-growth and darkening associated with etretinate therapy.

Clofazimine Philip et al., 2012 Along with the expected side effect of skin pigmentation in a patient with borderline leprosy on multi

drug therapy, darkening of previously grey hair was observed which was persisted months after
therapy.

Interferon and Ribavirin

Kavak et al., 2005

Presentation of hair repigmentation in a hepatitis C patient, who received interferon and ribavirin
treatment.

Indinavir

Terheggen et al., 2004

A patient on indinavir therapy experienced nail, hair and skin hyperpigmentation.

Latanoprost

Bellandi et al., 2011

With using latanoprost for a long time, approximately 3 years, a PGF2 alpha eye drops
demonstrated repigmentation of white hair.

Systemic steroid

Khaled et al., 2008

hair repigmentation occurred after systemic corticosteroids in a patient with bullous pemphigoid.

Thyroid hormone therapy

Redondo et al., 2007

The topical application of T3 ( thyroid hormone) can induce the entrance of the telogen phase
follicles into the anagen phase, which may be followed by reversing graying of the terminal hair. T3
(in vitro) induced the growing of hair shaft. Follicular melanocyte might be the target cell for this
process.

DISCUSSION

Lamivudine is considered as an analogue of cytidine. Either
types (1 and 2) of HIV reverse transcriptase can be
inhibited by lamivudine in addition to the reverse
transcriptase of HBV (The American Society of Health-
System Pharmacists, 2016).

Canities or graying of hair is a permanent,
progressive and physiological aging process caused by the
gradual reduction of tyrosinase activity in melanocyteor
loss of melanocytic function. Genetic factors affect age of
onset and progression. The process of canities is found to
be persistent and progressive, not inclusive of alopecia
areata and vitiligo. Premature canities is specified as
beginning of hair graying which occurs prior to the age of
twenty in whites and 30 years in blacks that could be an
isolated, familial or in association with severe cases of
malnutrition or some other disease like autoimmune
disorders (pernicious anemia, vitamin Bizand iron

deficiency, thyroid dysfunction, Addison's disease) or in the
setting of many premature aging syndromes or
genodermatosis. There are some drugs with known effect
and an unknown mechanism that may lead to hair graying
or depigmentation like chloroquine, hydroxychloroquine,
mephenesin, triparanol, and fluorobutyrophenone [1] .

Hair repigmentation is a possible but rare side effect
of some drugs that may present with bothersome hair
graying or desirable hair repigmentation like chloroquine
and cancer chemotherapeutic agents as the mejor
prevalent reports. Changing of hair color also has been
reported by use of p-aminobenzoic acid, calcium
pantothenate, anthralin, chinoform, mephenesin, minoxidil,
propofol, valproic acid, and verapamil [2-4] .

Although changing hair color is not a common
adverse effect of drugs, with the emerging and wide usage
of new targeted therapies, this changing has become more
prevalent with unknown mechanisms. Canities is not life-
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threatening but has a great impact on the quality of life of
patients and adherence to treatment.

In this article, we reviewed the mechanisms of hair
pigmentation [5-13] as well as the drug-related hair
repimentation that we summarized in Table 1 .

In the hair growth cycle, there is a period of
proliferation of melanocytes (during early anagen),
maturation of melanocytes (mid to late anagen), and
apoptosis of melanocyte (during early catagen). Canities is
a genetic mediated, age-related decreased pigmentary
potential of hair follicular unit. The aging of melanocyte may
be related to reactive oxygen species, anti-oxidant
dysregulation and pro/anti-apoptotic factors, causing
mutations in DNA during natural aging. Moreover, canities
may be a true graying or pigment dilution. The dilution is
caused by decreased tyrosinase activity, diminished
melanocyte-keratinocyte  interactions, and defective
melanocyte transfer from a reservoir in the upper outer root
sheath to the surrounding dermal papilla area of hair bulb.
In studies on animals, mutations in the BCL2 as an
apoptotic survival factor and in melanogenic enzymes
(TRP-1), have shown to be related with hair graying [12,
13] .

Eu- or/fand pheomelanin in the hair shaft is formed by
interactions among follicular melanocytes, keratinocytes,
and dermal papilla fibroblasts. An array of enzymes,
structural and regulatory proteins, transporters, and
receptors and their ligands, acting on the developmental
stages, cellular, and hair follicle levels regulate the follicular
melanogenesis (dominantly in anagen period) and
melanogenic activity. The important regulators are
melanocortin 1 receptor (MC1R), adrenocorticotropic
hormone, melanocyte-stimulating hormone, agouti protein
ligands (in rodents), c-Kit, and the endothelin receptors with
their ligands [9] .

Oxidative stress is among the most important theories
of grayi ng [5] . Follicular melanocytes are more susceptible
to aging than epidermal melanocytes, so canities could be
explained by biologic diversities in the epidermal and
follicular microenvironments [11] .

In general, melanocyte and melanin depletion due to
reactive oxygen species, impaired antioxidant process and
a rejuvenation failure of melanocyte stem cells are
supposed to be the mechanisms of graying [10] .

The rule of 50 says that 50% of the people have 50%
hair graying at the age of 50; also based on a new
definition, premature graying/canities appears prior to the
age of twenty in Caucasians, prior to twenty-five in Asians,
and prior to thirty in Africans. PH change, melanosomal
cysteine levels, level of trace metal ions, vitamin B1z, folic
acid, vitamin Dz, and oxidative stress are suggested to be
the etiological factors of canities. Different topical
preparations that conatin phytic acid, amino acids,
peptides, acetyl hexapeptide-1, melitane, capixyl, pea
proteins, etc. can be found in the market with the aim of
therapy. Currently, topical liposome targeting melanins,
genes, and hair follicle-specific proteins also novel
techniques have been discussed for therapeutic and
cosmetic modification of hair [14, 8] .

In this review, we found that biologic-immunotherapy
anti-melanoma/anti-cancer agents [15-20] , chemotherapy
agents  [21-31] , biologic anti-psoriatic agents33-38,

retinoids [32-37] , and other drugs like clofazimine [38] ,
interferon and ribavirin [39] , indinavir [40] , latanoprost48,
systemic steroid49, and thyroid hormone therapy50 have
been reported being in association with  hair
repigmentation.

Other than specific hair repigmentation related to
biologic-immunotherapy anti-melanoma/anti-cancer agents,
mentioned above, there are many other articles focusing on
associated dermatologic adverse effects of these drugs in
the skin and its appendageal organs (like hair and nail),
among them hair color change and canities reversal could
be seen frequently [41-46] .

Furthermore, there are also many reports of non-drug
related hair repigmentation such as the presence of
adjacent melanoma [47-51] , actinic granuloma [52] ,
epilation [53] , hair transplant [54] , zoster [55] ,
spontaneous [56-59] and X-ray irradiation or electron
beam exposure [60] .

Genes are known to be affected by the development
of melanocytes, such as Kitl, hepatocyte growth factor
(HGF) and endotheline-3 (ET3) which can be altered in
many settings like hepatitis or by drugs, using in its
therapy. Stem cell factors, hepatocyte growth factors, and
endothelin-3 can be potentially triggered by inhibition of
PD1 and, consequently, recruit inactive melanocyte stem
cells to produce pigments in the hair follicles. [14, 16, 39] .

The authors of this study are really interested in
various feilds of hair disorders and provable associations
and now we tried to present a unique case of hair canities
reversal [61-65] . Thus, in our case, both hepatitis and
lamivudine therapy could be responsible for the reversal of
canities. By research on probable mechanisms of drug-
induced hair repigmentation, we can achieve to find a
therapeutic strategy of hair graying as a very important and
highly prevalent cosmetic concern. Thus, in our case, both
hepatitis and lamivudine therapy could be responsible for
the reversal of canities. By research on probable
mechanisms of drug-induced hair repigmentation, we can
achieve to find a therapeutic strategy of hair graying as a
very important and highly prevalent cosmetic concern.

CONCLUSION

We reported a case of hair pigmentation with lamivudine for
the first time that could be a desirable drug-induced side
effect, also review all related articles about hair
repigmention or reversal of canities. By research on
probable mechanisms of drug-induced hair repigmentation,
we may achieve a therapeutic strategy of hair graying as
an important and highly prevalent cosmetic concern.
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patient was not pointed in the paper and his eyes have
been covered in the photos.
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