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Abstract
Carcinogenesis has a multifactorial etiology. The underlying molecular pathogenesis is still poorly understood. 

Apart from major risk factors like tobacco, alcohol, infections, there have been some recent and less known factors like 
endocrine hormones. Sex hormones receptors lie outside sex organs in organs like larynx and lungs where they play 
a role in gene expression involved in lot of physiological and neoplastic processes. The present article is an attempt to 
highlight role of various sex hormones in development of carcinogenesis, particularly Head and Neck cancers (HNC).
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Introduction
A multicellular organism can thrive only when all its cells function 

in accordance with the rules that govern cell growth and reproduction. 
Why does a normal cell suddenly become a “rebel,” breaking the rules, 
dividing recklessly, invading other tissues, usurping resources, and in 
some cases eventually killing the body in which it lives?

Cancer results from a series of molecular events that fundamentally 
alter the normal properties of cells. In cancer cells the normal control 
systems that prevent cell overgrowth and the invasion of other tissues 
are disabled. These altered cells divide and grow in the presence of 
signals that normally inhibit cell growth; therefore, they no longer 
require special signals to induce cell growth and division. As these 
cells grow they develop new characteristics, including changes in cell 
structure, decreased cell adhesion, and production of new enzymes. 
These heritable changes allow the cell and its progeny to divide and 
grow, even in the presence of normal cells that typically inhibit the 
growth of nearby cells. Such changes allow the cancer cells to spread 
and invade other tissues [1].

Cancer is one of the biggest threats to humans and animals, 
claiming 7.6 millions of human lives in 2008 and 13.2 million expected 
cancer deaths by 2030 [2]. Worldwide, HNC affects more than 550,000 
individuals’ annually [3]. Oral and oropharyngeal cancer is the sixth 
most common cancer worldwide. The annual estimated incidence is 
around 275,000 for oral and 130,300 for pharyngeal cancers [4]. Male 
to female ratio for cancer predilection ranges from 2:1 to 4:1. The 
incidence rate in males exceeds 20 per 100,000 in different parts of 
world including India and United States [5]. Treatment for oral cancer 
is particularly disabling and disfiguring and disrupts the core aspects 
of daily life.

Oral cancer describes malignancies of the oral cavity, including 
structures such as the gingiva, buccal mucosa, hard palate, floor of 
mouth, salivary glands and anterior two-thirds of the tongue Cancers 
of the oropharynx and oral cavity share several risk factors, and the 
term ‘head and neck cancer’ (excluding nasopharyngeal carcinoma) is 
commonly used to define cancers of the oral cavity and oropharynx. 
There are multiple causes that lead to cancer development in an 
individual. Recent literature suggests that apart from the major 
established risk factors, female sex hormones may contribute to head 
and neck carcinogenesis and it strongly suggests certain endocrine 
involvement in its development [6]. 

Head and neck cancers are associated in most of the individuals who 
consume tobacco, arecanut, betel quid and alcohol with history of their 
long term usage. Latest studies revealed that in some cases of squamous 
cell carcinoma, a predominant viral etiology has been diagnosed, which 
were non tobacco and non-smoker group females [6] Head and neck 

carcinomas are also associated with exposure of traditional risk factors 
in addition to genetic and/or environmental factors [7-9].

Endocrinal hormones levels in both males as well as females 
plays a significant role in the etio-pathogenesis and progression of 
cancers of various organs that are associated with the sex hormones 
receptor like endometrial carcinoma, breast and prostate cancer, lung 
carcinoma [10]. Young females associated with certain disorders with 
hormonal imbalance like Polycystic Ovarian Disease (PCOD), have 
more potential risk in development of Ovarian cancer and endometrial 
carcinoma of uterus [11]. 

The gender specific risk for Head and Neck cancer (HNC) has 
different perspectives. Firstly because of some detrimental factors 
which affect only male patients. Secondly, there are common risk 
factors which affect both the genders, but females have some inbuilt 
defense mechanisms owing to their special metabolic and endocrine 
features [12]. More than 75% of cases of HNSCC are attributable to 
smoking and alcohol consumption. Smoking increases the risk by 
10-fold compared with never smokers, and heavy alcohol intake is
an independent risk factor [13]. The combined effect of tobacco and
alcohol causes a greater multiplicative risk. Public health measures
have been successful in reducing the use of tobacco, and therefore the
incidence of HNSCC overall has been decreasing over the past 30 years 
in developed countries. However, there has been a dramatic increase
in the incidence rates of oro-pharyngeal (tonsil and base of tongue)
cancers because of infection with high-risk Human Papillomavirus
(HPV) [14].

Physiology of Sex Hormones: A Brief Overview
A hormone (from Greek ὁρμή, “impetus”) is a class of signaling 

molecules produced by glands in multicellular organisms that are 
transported by the circulatory system to target distant organs to 
regulate physiology and behavior [13].

Important Sex hormones of human body are estrogen, progesterone 
and testosterone, belonging to a group of steroid hormones, all of 
which are derivatives of cholesterol.

En
do

cr
in

ol
og

y & Metabolic Syndrom
e

ISSN: 2161-1017



Citation: Bohra A, Bhateja S (2015) Carcinogenesis and Sex Hormones: A Review. Endocrinol Metab Synd 4: 156. doi:10.4172/2161-1017.1000156

Page 2 of 4

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 4 • Issue 1 • 1000156

Estrogen

Estrogens (ES) are female sex hormones, synthesized in the ovary, 
placenta, testes and adrenal cortex, contribute to the development 
and growth of female genital gender and female sex characteristics, 
and cause endometrial growth. Estrogens are considered to be one of 
the etiological factors of breast, uterine and ovarian tumors. It is also 
believed that they have an impact on other disorders, such as thrombo-
embolic disease [14].

Types of estrogen: 

1) Natural

2) Synthetic.

There are three basic, biologically active estrogens: Estrone (E1),
17-β Estradiol (E2) and Estriol (E3). Out of them main estrogen with
highest biological activity is 17-β estradiol (E2) [15,16].

Testosterone 

It is the principal male sex hormone, belong to androgen group and 
been secreted by testis of males and ovaries in females. 

Progesterone

An endogenous steroid hormone involved in the menstrual cycle, 
pregnancy and embryogenesis of humans. It belongs to a group of 
steroid hormones called the progestogens and is the major progestogen 
in the body, plays an important role in brain function as a neurosteroid 
[17,18].

Effect of sex hormones on cancer development

The mechanism by which sex hormones affect cancer risk is probably 
largely (Figure 1) through determining the number and mitotic rate of 
the epithelial cells in the organ concerned [19]. High mitotic rates can 
increase cancer risk by increasing the chance of mutations occurring 
and of being replicated before they are repaired, and can also increase 
the growth of early tumours. In the case of estrogens, it has also been 
argued that certain metabolites of oestradiol may cause mutations 
by directly damaging the DNA, but the importance of this possible 
mechanism has not been established, and we think that the major role 
of sex hormones in cancer is likely to be as determinants of cell number 
and mitotic rate [20].

Androgen, estrogen and progesterone, acting through specific 
receptors, play an important role in the growth and development 
of several tumors, including breast, endometrium, and prostate 
carcinomas [21,22]. Additionally, patients with breast carcinomas 
positive to Estrogen Receptor (ER) and Progesterone Receptor (PgR) 
have been treated with antagonist hormones and shown decreased 
recurrences and higher survival rates. Similar results have been reported 
in patients with prostate cancer positive to Androgen Receptor (AR) 
[23,24].

Recently studies demonstrated that elevated prolactin levels in 
HNC can be a marker of poor prognosis [25]. Few other studies have 
demonstrated increased levels of FSH, LH, prolactin and decreased 
ratio of testosterone and estradiol in tongue cancer patients. These 
hormonal fluctuations clearly indicated towards a disruption in the 
pituitary-adrenal-testicular axis. Thereof, it is suggested that these 
hormones might play a crucial role in the development and progression 
of oral cancer [26].

It was also reported that estrogen stimulates the proliferation and 
maturation of gingival connective tissue, epithelium and salivary glands 

[27]. ERs have been identified in a variety of human tumors rather 
than breast carcinomas using histochemical, immunohistochemical, 
and molecular biology techniques. Moreover, the expression of sex 
hormone receptors in certain tumors suggests a role for these receptors 
in tumor pathogenesis, progression and therapy. There is also direct 
evidence that the risk for some of these cancers is related to the 
circulating serum concentration of various sex hormones [28].

Direct influence of estrogen on target cells is caused by combining 
the steroid receptor complex with DNA. In that way, it can regulate the 
expression of genes and transform proto-oncogenes into oncogenes. 
Estrogens have two kinds of receptors – ERα and ERβ. They belong 
to the nuclear receptor superfamily of transcriptional activators. The 
affinity of receptors is different to different ligands, e.g. estradiol has 
a higher affinity for ERα than ERβ. Obesity causes an increase in 
serum concentrations of bio-available oestradiol, and this factor causes 
increases in the risk for both endometrial cancer and breast cancer [29].

Effect on head and neck cancers

Some recent reports have shown substantive evidences that certain 
salivary gland tumours are similar to breast cancer at cellular and 
molecular level as well [30]. Both the tumors show similar expression 
of progesterone associated with tumor onset and progression [31].

Estrogen may increase the movement of precancerous cells in the 
mouth and promote the spread of head and neck cancers. The results 
may help researchers to understand the risk factors that cause head and 
neck cancers in addition to the traditional risk factors of tobacco and 
alcohol exposure [32]. Squamous cell carcinoma of the head and neck 
(HNSCC), which include cancers of the tongue, mouth and throat, 
represent the sixth most common type of cancer and is known to be 
on the increase in some demographic groups, including young women 
without known risk factors. A recent report showed that 75% of young 
never-smoker/never drinker HNSCC patients who develop primary 
oral tongue squamous cell carcinoma are women, suggesting that 
female hormones may contribute to carcinogenesis [33].

Oestrogen has a strong impact on precancerous and cancerous 
cells. An earlier study showed that the oestrogen metabolism pathway 
is altered in lung tissue following tobacco smoke exposure, suggesting 
that oestrogen metabolism may play a role in the formation of other 
cancers of the aerodigestive tract [34].

Using cancer cells grown in the laboratory, the team found that 
oestrogen induced the expression of an enzyme called cytochrome 
P450 1B1 (CYP1B1) which is responsible for breaking down toxins 
and metabolising oestrogen. The CYP1B1 induction only occurred in 
precancerous cells and not in healthy cells or cells that had become 
cancerous [35,36].

Furthermore, investigators found that depleting the expression of 
CYP1B1 reduced the ability of precancerous cells to move and divide, 

Estrogen metabolites causing genetic mutation

  Catechol estrogen       Semiquinon        Quinon             Point mutation

  Gene’s oxidative damage

Estrogens   CANCER

  Estrogen receptor      cell division        Point mutations 

Estrogen receptor causing cell proliferation

Figure 1: Mechanisms involved in carcinogenesis through sex hormones
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in comparison with similar cells containing normal levels of CYP1B1. 
Oestrogen also reduced cell death in the precancerous cells, irrespective 
of the amount of CYP1B1 present.

Finally immune-histochemical staining of samples from patients 
with head and neck cancers showed that 91.9% stained positive for 
oestrogen receptor β, 99.4% for CYP1B1 and 88.4% for 17 β oestradiol.

“This study is the first to report the detection of estrogen within 
human head and neck tissue and demonstrate that both estrogen and 
CYP1B1 may contribute to the progression of HNSCCs,” concluded 
the authors. They add that CYP1B1 levels may offer an important 
biomarker of tumorigenesis in head and neck cancers and present 
a novel target for chemo preventive interventions in patients with 
premalignant lesions [37,38]. Androgen is known to have an important 
role in the normal development and differentiation of a variety of cell 
and tissue types. This function is mediated by its binding to Androgen 
Receptor (AR), a member of the family of steroid hormone receptors. 
The presence of AR in a given cell type or organ system indicates a 
possible role for androgen in its growth and differentiation. AR 
mediates the effect of androgen by binding to specific DNA sequences 
and influences the transcription and translation of various genes. Fan 
et al suggested that AR may have a role in the pathogenesis of salivary 
duct carcinoma through the mediation of an epidermal growth factor 
receptor and transforming growth factor-α autocrine pathway similar 
to that seen in prostatic carcinoma [38]. 

Experimental studies have shown that androgen influences the 
expression of proto-oncogenes (like c-myc) and apoptotic factors (like 
the bcl-2 family) in lacrimal, salivary, and prostatic tissues of both mice 
and rats, as well as in cell line models. Whether the expression of AR 
in malignant salivary gland tumors indicates a role for androgen in 
the pathogenic process or simply represents an epiphenomenon of the 
malignant transformation remains to be determined.

Although partial remission of a salivary gland carcinoma following 
goserelin (an antiandrogen) therapy has been reported, this needs to be 
confirmed in a larger group of patients. It is been clearly demonstrated 
that there is a strong and consistent expression of AR exclusively in a 
sharply defined subset of malignant salivary gland tumors [39,40].

Clinical implications of head and neck cancer

Benefits of endocrine therapy in breast cancer by targeting sex 
steroid hormone receptor, its potential role in HNC are also tried 
and results of completed clinical trials are eagerly awaited [41]. 
Recent study conducted on tongue carcinomas demonstrated that 
ER antagonist interferes with cell adhesion and ultimately results in 
cell death which further prevents growth and progression of tumor 
[42]. Treatment with ER antagonists such as tamoxifen is shown to 
decrease the phosphorylation of focal adhesion kinase (FAK), leading 
to reduced phosphorylation of extracellular signal-related kinase (Erk) 
and mitogen-activated protein (MAP) kinase which consequently 
disrupts tumour growth [39]. 

Further studies at molecular level and larger clinical trials are need 
of the hour to determine which and when receptors should be targeted 
by means of which modulators in management of HNC patients. Since, 
hormonal therapies may also have some adverse effects on physiological 
processes, so balance has to be maintained between therapeutic benefit 
of such interventions and potential adverse effects [43]. Genome 
sequencing in association with proteomics could be helpful to define 
and select useful genetic and molecular biomarkers to predict and 
maintain progression of HNC in nearly future. Identification of specific 
genetic, epigenetic and metabolic disturbances, in unison with other 

conventional techniques in diagnosis and prognostication, are required 
to make effective treatment strategy [44].

Conclusion
Role of sex hormones is well established in cases of prostate, breast 

and endometrial carcinomas. Though the role of sex hormones in HNC 
is controversial and is debatable, so the present article is an attempt 
to highlight its impending role in HNC so that future studies can be 
performed on this less known entity.

References

1. Venu Gopal Y, Ravindranath A, Kalpana G, Sreenivas SA, Rajkapoor B (2012) 
Antitumor and antioxidant activity of Diospyros peregrina against Dalton’s
ascites lymphoma in rodents. Annals of Biological Research 3: 4985-4992. 

2. Muhammed IB, Alfred C, Keshaw PT (2013) A retrospective Study of Canine
Tumors in Grenada, West Indies. Adv Anim Vet Sci 1: 134-139. 

3. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA 
Cancer J Clin 55: 74.

4. Warnakulasuriya S (2009) Global epidemiology of oral and oropharyngeal
cancer. Oral Oncol 45: 309-316.

5. Sankaranarayanan R, Masuyer E, Swaminathan R, Ferlay J, Whelan S (1998) 
Head and neck cancer: a global perspective on epidemiology and prognosis.
Anticancer Res 18: 4779.

6. Mannarini L, Kratochvil V (2009) Human Papiloma virus in Head & neck region: 
A review of literature. Acta Otorhinolaryngol Ital 29: 119-126. 

7. Koch WM, Lango M, Sewell D, Zahurak M, Sidransky D (1999) Head and
neck cancer in nonsmokers: a distinct clinical and molecular entity. The
Laryngoscope 109: 1544-1551. 

8. Divaris K, Olshan AF, Smith J, Bell ME, Weissler MC, et al. (2010) Oral health
and risk for head and neck squamous cell carcinoma: the Carolina Head and
Neck Cancer Study. Cancer Causes Control 21: 567-575.

9. Harris SL, Kimple RJ, Hayes DN, Couch ME, Rosenman JG (2010) Never-
smokers, never-drinkers: unique clinical subgroup of young patients with head
and neck squamous cell cancers. Head & Neck 32: 499-503.

10. Lukits, Remenár E, Rásó E, Ladányi A, Kásler M, et al. (2007) Molecular
identification, expression and prognostic role of estrogen- and progesterone 
receptors in head and neck cancer. Int J Oncol 30: 155-60.

11. Badawy A, Elnashar A (2011) Treatment options for polycystic ovary syndrome. 
International Journal of Women’s Health 3: 25-35.

12. Suba Z (2007) Gender-Related Hormonal Risk Factors for Oral Cancer.
Pathology Oncology Research 213: 195-202. 

13. Chaturvedi AK, Anderson WF, Lortet-Tieulent J, Curado MP, Ferlay J, et al.
(2013) Worldwide Trends in incidence rates for oral cavity and oropharyngeal
cancers. J Clin Oncol 31: 4550-4559.

14. Chaturvedi AK, Engels EA, Anderson WF, Gillison ML (2008) Incidence
trends for human papillomavirus-related and -unrelated oral squamous cell
carcinomas in the United States. J Clin Oncol 26: 612-619.

15. Sanghi DK, Rakesh Tiwle (2014) An elaborate review on hormone & its
importance. International journal of pharmacological screening 4: 56-68. 

16. Marta, Halina (2012) The Effect of Using Estrogens in the Light of Scientific 
Research. Adv Clin Exp Med 21: 535-543.

17. Sunhee Yu, Minhyung Lee, Seungjin Shin (2011) Apoptosis Induced by
Progesterone in Human Ovarian Cancer Cell Line SNU-840. Journal of Cellular 
Biochemistry 82: 445-451.

18. Bauernhofer T, Pichler M, Wieckowski E, Stanson J, Aigelsreiter A, et al. (2001) 
Prolactin receptor is a negative prognostic factor in patients with squamous cell 
carcinoma of the head and neck. British J Cancer 104: 1641-1648.

19. Bhatavdekar JM, Patel, Vora HH, Balar DB (1994) Circulating hormones in
patients with tongue cancer. Oncology Reports 1: 463-464.

20. Parkar MH, Newman HN, Olsen I (1982) Polymerase chain reaction analysis
of oestrogen androgen receptor expression in human ginigival and periodontal 
tissue. Archs oral Biol 41: 979-983.

http://scholarsresearchlibrary.com/ABR-vol3-iss11/ABR-2012-3-11-4985-4992.pdf
http://scholarsresearchlibrary.com/ABR-vol3-iss11/ABR-2012-3-11-4985-4992.pdf
http://scholarsresearchlibrary.com/ABR-vol3-iss11/ABR-2012-3-11-4985-4992.pdf
http://www.researchgate.net/publication/256842891_A_retrospective_Study_of_Canine_Tumors_in_Grenada_West_Indies
http://www.researchgate.net/publication/256842891_A_retrospective_Study_of_Canine_Tumors_in_Grenada_West_Indies
http://www.uptodate.com/contents/epidemiology-and-risk-factors-for-head-and-neck-cancer/abstract/1
http://www.uptodate.com/contents/epidemiology-and-risk-factors-for-head-and-neck-cancer/abstract/1
http://www.ncbi.nlm.nih.gov/pubmed/18804401
http://www.ncbi.nlm.nih.gov/pubmed/18804401
http://www.researchgate.net/publication/13396672_Head_and_neck_cancer_a_global_perspective_on_epidemiology_and_prognosis
http://www.researchgate.net/publication/13396672_Head_and_neck_cancer_a_global_perspective_on_epidemiology_and_prognosis
http://www.researchgate.net/publication/13396672_Head_and_neck_cancer_a_global_perspective_on_epidemiology_and_prognosis
http://www.ncbi.nlm.nih.gov/pubmed/20140157
http://www.ncbi.nlm.nih.gov/pubmed/20140157
http://www.ncbi.nlm.nih.gov/pubmed/10522920
http://www.ncbi.nlm.nih.gov/pubmed/10522920
http://www.ncbi.nlm.nih.gov/pubmed/10522920
http://aje.oxfordjournals.org/content/166/10/1159.full
http://aje.oxfordjournals.org/content/166/10/1159.full
http://aje.oxfordjournals.org/content/166/10/1159.full
http://www.ncbi.nlm.nih.gov/pubmed/19691028
http://www.ncbi.nlm.nih.gov/pubmed/19691028
http://www.ncbi.nlm.nih.gov/pubmed/19691028
http://www.ncbi.nlm.nih.gov/pubmed/17143524
http://www.ncbi.nlm.nih.gov/pubmed/17143524
http://www.ncbi.nlm.nih.gov/pubmed/17143524
http://www.ncbi.nlm.nih.gov/pubmed/21339935
http://www.ncbi.nlm.nih.gov/pubmed/21339935
http://www.ncbi.nlm.nih.gov/pubmed/17922048
http://www.ncbi.nlm.nih.gov/pubmed/17922048
http://jco.ascopubs.org/content/early/2013/11/18/JCO.2013.50.3870.abstract
http://jco.ascopubs.org/content/early/2013/11/18/JCO.2013.50.3870.abstract
http://jco.ascopubs.org/content/early/2013/11/18/JCO.2013.50.3870.abstract
http://www.ncbi.nlm.nih.gov/pubmed/23240460
http://www.ncbi.nlm.nih.gov/pubmed/23240460
http://www.ncbi.nlm.nih.gov/pubmed/11500921
http://www.ncbi.nlm.nih.gov/pubmed/11500921
http://www.ncbi.nlm.nih.gov/pubmed/11500921
http://www.ncbi.nlm.nih.gov/pubmed/21505459
http://www.ncbi.nlm.nih.gov/pubmed/21505459
http://www.ncbi.nlm.nih.gov/pubmed/21505459
http://www.ncbi.nlm.nih.gov/pubmed/21607386
http://www.ncbi.nlm.nih.gov/pubmed/21607386
http://www.ncbi.nlm.nih.gov/pubmed/9031705
http://www.ncbi.nlm.nih.gov/pubmed/9031705
http://www.ncbi.nlm.nih.gov/pubmed/9031705


Citation: Bohra A, Bhateja S (2015) Carcinogenesis and Sex Hormones: A Review. Endocrinol Metab Synd 4: 156. doi:10.4172/2161-1017.1000156

Page 4 of 4

Endocrinol Metab Synd
ISSN: 2161-1017 EMS, an open access journal

Volume 4 • Issue 1 • 1000156

21. Glas AS, Hollema H, Nap RE, Plukker JT (2002) Expression of estrogen
receptor, progesterone receptor, and insulin-like growth factor receptor-1 and
of MIB-1 in patients with recurrent pleomorphic adenoma of the parotid gland.
Cancer 94: 2211-2216.

22. Fan CY, Malhelm MF (2001) Expression of androgen receptors, epidermal
growth factor receptor & transforming growth factor alpha in salivary duct
carcinoma. Arch Otolarngol Head Neck Surg 127: 1095-1097. 

23. Linson.EM, Peter.J (2005) Effects of chemotherapy and hormonal therapy for
early breast cancer on recurrence and 15-year survival: an overview of the
randomised trials. Lancet 365: 1687-1717.

24. Berthelet E, Pickles T, Lee KW, Liu M, Truong PT (2005) Long-term androgen
deprivation therapy improves survival in prostate cancer patients presenting
with prostate-specific antigen levels > 20 ng/mL. Int J Radiat Oncol Biol Phys 
63: 781-787.

25. Ciocca DR, Puy LA, Fasoli LC (1989) Study of estrogen receptor, progesterone 
receptor, and the estrogen-regulated Mr 24,000 protein in patients with
carcinomas of the endometrium and cervix. Cancer Res 49: 4298-4304.

26. Hye-Rim Lee, Tae-Hee Kim (2012) Functions and physiological roles of two
types of estrogen receptors, ERα and ERβ, identified by estrogen receptor. Lab 
Anim Res 28: 71-76.

27. Lieghr G (2001) Genotoxicity of the steroidal oestrogens oestrone and
oestradiol: possible mechanism of uterine and mammary cancer development. 
Hum reported update 7: 273-281.

28. Samuel MC and Leon BE (1993) Use of Cell Proliferation Data in Modeling Urinary
Bladder Carcinogenesis. Environmental Health Perspectives 101: 111-114.

29. Murase R, Sumida T, Ishikawa A, Murase R, McAllister SD, et al. (2011) Novel 
therapeutic strategies formalignant salivary gland tumors: lessons learned from 
breast cancer. Int J Otolaryngol 2011: 187623.

30. Stauber RH, Wünsch D, Knauer SK, Fetz V (2010) An update on the
pathobiological relevance of nuclear receptors for cancers of the head and
neck. Histol Histopathol 25: 1093-1104.

31. Timothy JK, Naomi EA, Pia KV (2001) Macronutrient Metabolism Group
Symposium on ‘Energy flux and cancer’, Energy balance and cancer: the role 
of sex hormones. Proceedings of the Nutrition Society 60: 81-89.

32. Remenár É, Számel I, Buda B (1997) ‘Why men?’ Hormones and hormone
receptors in male head and neck cancer patients. In: Advances in Laryngology 
in Europe. Klainsasser O, Glanz H and Olofsson J (eds). Elsevier, 137-140.

33. Colella G, Izzo G, Carinci F, Campisi G, Lo Muzio L, et al. (2011) Expression
of sexual hormones receptors in oral squamous cell carcinoma. Int J
Immunopathol Pharmacol 24: 129-132.

34. S. Pradhan, Usha Singh (2007) Estrogen and progesterone receptor status
in breast cancer: Effect of oral contraceptive pills and hormone replacement
therapy. The Breast 16: 540-545.

35. Chin D, Boyle GM, Porceddu S (2006) Head and neck cancer: past, present
and future. Expert Rev Anticancer Ther 6: 1111-1118.

36. Shoker BS, Jarvis C, Sibson DR (1999) Estrogen receptor expression in the
normal and pre-cancerous breast. J Pathol 188: 237-244.

37. Ekaterina GS, Andres JP, Klein-Szanto, Karthik Devarajan (2011) Estrogen
and Cytochrome P450 1B1 Contribute to Both Early- and Late-Stage Head and 
Neck Carcinogenesis. Cancer Prev Res 4: 107-115.

38. McEwan IJ (2004) Molecular mechanisms of androgen receptor-mediated
gene regulation: structure–function analysis of the AF-1 domain. Endocrine-
Related Cancer 11: 281-293. 

39. Nasser SM, FaquinWC, Dayal Y (2003) Expression of androgen, estrogen,
and progesterone receptors in salivary gland tumors. Frequent expression of
androgen receptor in a subset of malignant salivary gland tumors. Am J Clin
Pathol 119: 801-806. 

40. Falk RT, Brinton LA, Dorgan JF, Fuhrman BJ, Veenstra TD, et al. (2013)
Relationship of serum estrogens and estrogen metabolites to postmenopausal 
breast cancer risk: a nested case-control study. Breast Cancer Res 15: R34.

41. Hamakawa H, Nakashiro K, Sumida T, Shintani S, Myers JN, et al. (2008)
Basic evidence of molecular targeted therapy for oral cancer and salivary gland 
cancer. Head Neck 30: 800-809.

42. Williams MD, Roberts D, Blumenschein GR (2007) Differential expression of
hormonal and growth factor receptors in salivary duct carcinomas: biologic
significance and potential role in therapeutic stratification of patients. Am J Surg 
Pathol 31: 1645-1652.

43. Leeuw R, Neefjes J, Michalides R (2011) A Role for Estrogen Receptor
Phosphorylation in the Resistance to Tamoxifen. Int J Breast Cancer 2011:
232435.

44. Kumar RJ, Barqawi A, Crawford ED (2005) Adverse Events Associated with
Hormonal Therapy for Prostate Cancer. Rev Urol 5: S37-43.

http://www.ncbi.nlm.nih.gov/pubmed/12001119
http://www.ncbi.nlm.nih.gov/pubmed/12001119
http://www.ncbi.nlm.nih.gov/pubmed/12001119
http://www.ncbi.nlm.nih.gov/pubmed/12001119
http://www.ncbi.nlm.nih.gov/pubmed/11556855
http://www.ncbi.nlm.nih.gov/pubmed/11556855
http://www.ncbi.nlm.nih.gov/pubmed/11556855
http://www.ncbi.nlm.nih.gov/pubmed/15894097
http://www.ncbi.nlm.nih.gov/pubmed/15894097
http://www.ncbi.nlm.nih.gov/pubmed/15894097
http://www.ncbi.nlm.nih.gov/pubmed/16199312
http://www.ncbi.nlm.nih.gov/pubmed/16199312
http://www.ncbi.nlm.nih.gov/pubmed/16199312
http://www.ncbi.nlm.nih.gov/pubmed/16199312
http://www.ncbi.nlm.nih.gov/pubmed/2743317
http://www.ncbi.nlm.nih.gov/pubmed/2743317
http://www.ncbi.nlm.nih.gov/pubmed/2743317
http://www.pubfacts.com/detail/22787479/Functions-and-physiological-roles-of-two-types-of-estrogen-receptors-ER%CE%B1-and-ER%CE%B2-identified-by-est
http://www.pubfacts.com/detail/22787479/Functions-and-physiological-roles-of-two-types-of-estrogen-receptors-ER%CE%B1-and-ER%CE%B2-identified-by-est
http://www.pubfacts.com/detail/22787479/Functions-and-physiological-roles-of-two-types-of-estrogen-receptors-ER%CE%B1-and-ER%CE%B2-identified-by-est
http://www.ncbi.nlm.nih.gov/pubmed/11392373
http://www.ncbi.nlm.nih.gov/pubmed/11392373
http://www.ncbi.nlm.nih.gov/pubmed/11392373
http://www.jstor.org/discover/10.2307/3431852?sid=21105112683301&uid=3738256&uid=4&uid=2
http://www.jstor.org/discover/10.2307/3431852?sid=21105112683301&uid=3738256&uid=4&uid=2
http://www.hindawi.com/journals/ijoto/2011/187623/
http://www.hindawi.com/journals/ijoto/2011/187623/
http://www.hindawi.com/journals/ijoto/2011/187623/
http://www.ncbi.nlm.nih.gov/pubmed/20552557
http://www.ncbi.nlm.nih.gov/pubmed/20552557
http://www.ncbi.nlm.nih.gov/pubmed/20552557
http://www.ncbi.nlm.nih.gov/pubmed/21781458
http://www.ncbi.nlm.nih.gov/pubmed/21781458
http://www.ncbi.nlm.nih.gov/pubmed/21781458
http://www.sciencedirect.com/science/article/pii/S0960977607001099
http://www.sciencedirect.com/science/article/pii/S0960977607001099
http://www.sciencedirect.com/science/article/pii/S0960977607001099
http://www.ncbi.nlm.nih.gov/pubmed/16831082
http://www.ncbi.nlm.nih.gov/pubmed/16831082
http://www.ncbi.nlm.nih.gov/pubmed/21205741
http://www.ncbi.nlm.nih.gov/pubmed/21205741
http://www.ncbi.nlm.nih.gov/pubmed/21205741
http://www.ncbi.nlm.nih.gov/pubmed/15163303
http://www.ncbi.nlm.nih.gov/pubmed/15163303
http://www.ncbi.nlm.nih.gov/pubmed/15163303
http://www.ncbi.nlm.nih.gov/pubmed/12817426
http://www.ncbi.nlm.nih.gov/pubmed/12817426
http://www.ncbi.nlm.nih.gov/pubmed/12817426
http://www.ncbi.nlm.nih.gov/pubmed/12817426
http://www.ncbi.nlm.nih.gov/pubmed/23607871
http://www.ncbi.nlm.nih.gov/pubmed/23607871
http://www.ncbi.nlm.nih.gov/pubmed/23607871
http://www.ncbi.nlm.nih.gov/pubmed/18429007
http://www.ncbi.nlm.nih.gov/pubmed/18429007
http://www.ncbi.nlm.nih.gov/pubmed/18429007
http://www.ncbi.nlm.nih.gov/pubmed/18059220
http://www.ncbi.nlm.nih.gov/pubmed/18059220
http://www.ncbi.nlm.nih.gov/pubmed/18059220
http://www.ncbi.nlm.nih.gov/pubmed/18059220
http://www.hindawi.com/journals/ijbc/2011/232435/
http://www.hindawi.com/journals/ijbc/2011/232435/
http://www.hindawi.com/journals/ijbc/2011/232435/
http://www.ncbi.nlm.nih.gov/pubmed/16985883
http://www.ncbi.nlm.nih.gov/pubmed/16985883

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Physiology of Sex Hormones: A Brief Overview 
	Estrogen
	Testosterone  
	Progesterone
	Effect of sex hormones on cancer development 
	Effect on head and neck cancers 
	Clinical implications of head and neck cancer 

	Conclusion
	Figure 1
	References

