INTERNATIONAL JOURNAL OF

MEDICAL
Qi)1o.29252/ijmr-060304 REV' EWS

Tamoxifen: From Anti-cancer to Antifungal Drug
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Abstract

Tamoxifen (TAM) is an important drug for treatment of breast cancer. It is most effective against estrogen receptor-positive and negative
breast cancer. Protective adjuvant is another applied of TAM for women at risk of development of breast cancer. Anti-cancer activity of
TAM can take various pathways of action. Antagonistic with estrogen receptor and oxidation reaction are the most proposed mechanism
of action of TAM in cancer cells. Recently, many studies focused on the potential antimicrobial action of TAM. Fungi are demonstrated to
affect by TAM through various mechanism of action. Yeasts, especially Candida albicans, are the most common type of fungi used to test
the antifungal action of TAM. Inhibitory action on some components of the calcium-calcineurin pathway in fungal cells is most acceptable
mechanism of TAM action. TAM can also play a synergistic role to increase the antifungal activity of other standard agents. This review will
discuss the most recent information about antifungal action of TAM.

Keywords: Antifungal Agents, Breast Cancer, Estrogen Receptor Alpha, Tamoxifen
Citation: AL-Janabi AAHS, Al-Mosawe HAS, Al-Mosawi K. Tamoxifen: from anti-cancer to antifungal drug. Int ] Med Rev. 2019;6(3):88-91.

doi:10.29252/ijmr-060304.

Introduction
Tamoxifen (C,H,NO, TAM), which has 371.524 g/mol
molecular weight, is a drug member of a group called selective
estrogen receptor modulators (SERMs).! It is commonly takes
a fine white, odorless crystalline powder which is soluble in
ethanol, methanol, or acetone and slightly soluble in water.
Other physical characters of TAM include its hygroscopic
nature at a high moisture rate and sensitive to UV light.!
The main actions of TAM in the human body involve anti-
estrogenic effects in the mammary tissue, and as an estrogenic
effect (stimulating agent) in cholesterol metabolism, bone
density, and cell proliferation in the endometrium."? It may
also act as an antioxidant agent through protect the stability
of the liposome membrane of mammalian cell by reduce
the fluidity of this membrane.’ The concentration of TAM
can effect on fluidity rate such that low concentrations
reduce membrane fluidity, while it increase at high TAM
concentration.* Antimicrobial action of TAM is another new
function can add to the list of known actions in organisms.

Tamoxifen as a Treatment of Breast Cancer

Breast cancer is one of hormone-dependent cancer in the
female which is usually stimulated by estrogen hormone.>®
Thus, TAM is successfully used as an anti-estrogenic agent for
treatment of breast cancer and also as an adjuvant to protect

women at risk of development of breast cancer.”® Curative
results of TAM against breast cancer found more appropriate
to use than old surgical process such as oophorectomy,
hypophysectomy or adrenalectomy.” The USA-FDA approved
usage of TAM in 1977 for the treatment of postmenopausal
women suffering from advanced breast cancer and also as
postsurgery adjuvant treatment to eradicate micrometastasis
from primary breast cancer.” Accumulate of TAM in tumor
mass has the ability to kill both types of positive and negative
estrogen receptor-a (ERa) breast cancer.' It cured 5%-10%
of females with ER-negative breast cancers with depending
on many factors such as variation in the expression of
estrogen-related receptor alpha, ER subtype beta, tumor
microenvironment, and epigenetics."! Furthermore, TAM
proved to reduce recurrence and mortality of the estrogen
receptor positive breast cancer by half."> A dose of 20 mg
TAM twice daily is more effective to arrest or reversal of
77% of advanced, recurrent or metastatic breast carcinoma
compared with a dosage of 10 mg (60%).”* This dosage (20
mg) is also recommended to use for 5 years, when TAM
applied as adjuvant chemotherapy for improving treatment
of premenopausal patients with only ER-positive tumor
and not those with ER-negative tumor.® However, the usual
therapeutic period of TAM for treatment of breast cancer may
take at least 5 years and can recommend to be given for 10
years if want to reduce more than 20% of cancer recurrent.’
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Patients with breast cancer may reveal resistance to
treatment with hormonal therapy, including TAM.® The
resistance towards TAM is clearly observed after initial 5-10
years of TAM therapy and may give a chance for other cancers
to develop during this time as with uterine cancer.** Thus,
selecting effective treatment modalities should be optimized
according to the stage of disease and the risk."®

Mechanism of Action of TAM in Treatment of Breast
Cancer

The therapeutic activity of TAM, mainly depends on inhibition
the binding of estrogen with estrogen receptors, which will
prevent later effect of estrogen on cellular DNA to form breast
cancer."” The TAM is also has the ability to direct binding with
DNA molecule, but without effect on the DNA confirmation
form.'s Other activities of TAM against tumor developments
are also recorded. Low concentration (in microgram) of TAM
may play an inhibitory role in cell growth and a cytotoxic
action by effects on protein kinase C of tumor cells.”” It
can regulate the action of the inhibitor tumor cell growth
factor, such as transforming growth factor B (TGFb) and the
stimulate breast cancer cell growth factor, such as insulin-like
growth factor 1 (1GF-1).! Tumor growth can reduce by TAM
through its inhibitory effects on mitochondrial complex 1
leading to inhibition of oxygen consumption as indicated
by an increase of AMP/ATP ration and activation of AMPK
signaling pathway.'® The antitumor activity of TAM may
include its ability to induce an oxidation reaction of the breast
cancer cells through increasing of Nrf2 expression, but this
activity can also develop TAM a resistance breast cancer.'
However, there are many biochemical factors can associate
with resistance of breast cancer to TAM treatment such as
the modulation in ER signaling and upregulation of growth
factors."

Tamoxifen as an Anti-fungal Drug

Treatment of fungal infection in cancer patients by
standard antifungal agents may raise undesirable problems.
Several adverse effects and drug interaction are clinically
identified after using either of itraconazole, voriconazole or
posaconazole for treatment of fungal infection in patients with
cancer diseases.”” Thus, an additional therapeutic function
of known drugs is always required to discover over time,
which is called drug repositioning and has the same meaning
of drug repurposing or drug reprofiling.*® For repurpose of
TAM, antifungal action is another potential activity that can
add to its therapeutic ability of breast cancer.> Wiseman et al
gave the first indicator for antifungal activity of TAM against
Saccharomyces cerevisiae.> A few years later, many studies
demonstrated that TAM has such activity against other types
of fungi. Candida albicans is the most common type of fungi
used to test the antifungal action of TAM. Clinical isolates
of fluconazole-sensitive and resistance C. albicans from
patients with periodontal disease revealed in vitro inhibition
by TAM.*? In comparison with imidazole, TAM showed
fungicidal action against C. albicans at low concentration

(15-20 uM), especially at stationary phase of yeast growth.?
Whereas, the MIC range may become higher (8-64 g/mL) for
Cryptococcus neoformans and other isolates of Candida spp.”
Biofilm formation by C. albicans also found to inhibit by 1
mg/mL TAM.* After testing the antifungal effects of TAM
on the logarithmic growth of C. albicans, it found that, TAM
has fungicidal effects at 2x10° M and moderate and transient
at 1 x 10° M, while it exhibited very weak action at 5x10°¢
M.” This fungicidal activity of TAM on C. albicans is more
sensitive to pH value as noted when the large inhibitory effect
of 10 uM TAM (>99%) was exhibited at higher values of pH
than at the neutral range.”®

The TAM also exhibited in vivo antifungal action against
disseminated candidiasis in a dose of 200 mg/kg given to
murine model.” However, the fungicidal and fungistatic
activity of TAM on C. albicans is quite similar to that of
miconazole.”” Filamentous fungi are also affected by the
antifungal activity of TAM. Growth of Aspergillus spp.,
Penicillium spp., Mucor spp., and Rhizopus spp. inhibited in
the presence of TAM.*

An interaction between TAM and other antifungal agents
are observed, when they use together in patients with
cancer. According to the results of the physiologically based
pharmacokinetic models, triazole agents can increase the
pharmacokinetic parameters of TAM when coadministrated
with it, especially with voriconazole.”® Otherwise, TAM can
play a synergistic action to increase the antifungal activity of
other agents of azole and terbinafine.” The curative value of
amphotericin B (AmB) and fluconazole for Cryptococcosis
infection, as with Cryptococcosis meningitis, can also
enhance after using with TAM.%*

Mechanism of Action of TAM as Antifungal Agent

The mechanism of action of TAM as antifungal agents is not
clearly demonstrated. Calcium-calcineurin signaling pathway
is an important pathway for fungal growth, development and
reproduction and it’s associated with the virulence of many
pathogenic fungi.”> The TAM can perform its inhibitory
action on some components of the calcium-calcineurin
pathway in fungal cells, and making them more sensitive
to antifungal drugs such AmB and fluconazole.*® Another
proposed mechanism of TAM action on fungal cells, depends
on its block effect on calmodulin site.”>¥* Calmodulin,
is usually activated the serine-threonine phosphatase
calcineurin pathway, which is associated with the virulence of
tungi such as Cryptococcus neoformans to cause disease in the
human body.* Calmodulin affected by TAM, can be detected
in C. albicans through changing in its phenotype characters,
including development of cell lysis, decrease new bud
formation, disrupted actin polarization and decrease germ
tube formation.” However, Krysan and Bucheit hypothesized
that, the inhibitory action of TAM in fungal calmodulin is
provided by the presence of five evidences based on studies on
S. cerevisiae. First, calmodulin mutants cells showed the defect
in phenotype morphology, nuclear separation and in actin
cytoskeleton after treating with TAM; second, calmodulin
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