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Lesson 4

The success of fertilization depends largely 

on the fertility potential of the gametes, and 

therefore the quality of both the sperm and 

the egg are equally important.

Germinal 

cell
Somatic cell
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Reproduction

Reproduction

GENETIC AND 

MOLECULAR 

PATHWAYS

REPRODUCTIVE 

EVENT

ENVIRONENTAL 

FACTORS

- nutrition 

- weight

- exercise

- physical and 

psychological stress

- environmental and 

occupational exposures

- substance and drug use 

and abuse 

- medications

Lifestyle factors affect 

fertility in women and in 

men
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• woman and man age, 

• frequency of sexual intercourse, 

• exercise, obesity, 

• use of drugs or medications, 

• smoking, 

• infection, 

• previous abdominal surgery, 

• occupational and environmental exposure to toxicants, 

• psychological factors, 

• stress 

Obesity is linked to lower sperm count and quality in men.

Among obese women who have polycystic ovary syndrome (PCOS), losing 5% of body weight greatly 

improves the likelihood of ovulation and pregnancy.

Being underweight is linked to ovarian dysfunction and infertility in women.

Strenuous physical labor and taking multiple medications are known to reduce sperm count in males.

Excessive exercise is known to affect ovulation and fertility in women.

Research shows that using body-building medications or androgens can affect sperm formation.

Substance use, including smoking tobacco, using other tobacco products, marijuana use, heavy drinking, 

and using illegal drugs such as heroin and cocaine reduce fertility in both men and women.

Having high blood pressure changes the shape of sperm, thereby reducing fertility.

Radiation therapy and chemotherapy can cause infertility in females and males

For example… 
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1. biomarkers of a disease or developmental stage: some biomarkers serve as indicators of 

specific phases in normal and abnormal developmental processes;

2. biomarkers of effect: physical or chemical environmental exposures can generate an 

assembly of localized or systemic effects and can be measured at the molecular, cellular, or 

clinical level; 

3. biomarkers of exposure: biomarkers can be used to identify potential toxic exposures 

because of significant changes in biological function or appearance that signify exposure to a 

specific stimulus of a biological, physical, or chemical nature; 

4. biomarkers of susceptibility: genetic biomarkers may also be used to identify predisposition 

to develop specific conditions. 

Biomarkers: purposes in reproductive medicine

Biomarkers of reproductive function:

• Sex steroid hormones

• Protein hormones

• Endogenous modulatory biomarkers of 

reproductive function
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Sex steroid hormones

Monitoring sex steroids and/or their 

metabolites in relation to reproductive 

function has been an effective tool in a wide 

range of wildlife research of males and 

females 

• Progesterone is a female sex steroid hormone

• It is synthesized in the corpus luteum of the ovaries

• The blood level of progesterone varies with the menstrual cycle

• The hormone prepares the uterus for a possible pregnancy

• Following fertilization, the placenta also start to synthesize 

progesterone in order to maintain the pregnant state

• The development of the mammary glands is also stimulated by 

progesterone. 

Formula = C21H30O2

Molecular weight = 314.46 g/mol

Sex steroid hormone
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Progesterone

• Pregnancy hormone

• Its presence in the blood was confirmed in 1958. 

• Its level rises from less than 0.1 μg/100mL (nonpregnant) up to 87 

μg/100 mL during pregnancy.

• Low progesterone levels have been reported in cases of 

premature births.

• It keeps the uterus quiet during pregnancy, reduces the mother’s 

immune response and supports the implantation of the fetus in 

the uterus. 

• A decrease in progesterone levels facilitates the onset of labor 

and stimulates milk production. Lower progesterone 

concentrations than normal are the leading cause of premature 

labor, and this can be prevented by administering progesterone to 

pregnant women.

Serum progesterone is a potential biomarker for differentiating 

nonviable pregnancies from viable pregnancies. 

Progesterone + human chorionic gonadotropin =improves the 

specificity of monitoring fetal viability during early gestation. 

Receptors of estrogen and progesterone act as prognostic 

biomarkers of ovarian cancer.

Protein hormones

• Anti-Müllerian hormone (AMH)

• Follicle stimulating hormone (FSH)

• Inhibin

• Luteinizing hormone (LH)

• Oxytocin

• Prolactin

• Relaxin

• Prostaglandin

• Metabolism

• Melatonin

• Markers of oxidative stress

• MicroRNAs (miRNA)

• Microbiome

• Immune function

 Thyroid hormones

 Leptin and insulin

 Glucocorticoids

Endogenous modulatory biomarkers of reproductive function
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https://www.anshlabs.com/news/emerging-biomarkers-for-reproductive-health-offered-by-ansh-labs/#POF

MENOPAUSE

• Traditionally FSH is measured to diagnose menopause. 
FSH, secreted from the anterior pituitary gland offers an 
indirect measure of ovarian reserve and is subject to cycle 
variability. Hormones produced from the ovary serve as direct 
markers of ovarian reserve. AMH and Inhibin B levels have 
been shown to decline approaching menopause and 
numerous studies report correlation of AMH decline with onset 
of menopause complications.

• Accurate prediction of the final menstrual period will be 
tremendously advantageous for physicians to decide a proper 
hormone replacement therapy to ameliorate vasomotor 
symptoms, decide appropriateness of cessation of 
contraception, make recommendations for bone mineral 
density (BMD) measurement early on to identify patients at 
high risk of losing bone at an accelerated rate leading to 
osteoporosis, identify those early menopause onset women 
with increased risk of breast cancer and cardiovascular or 
stroke event risk, etc.
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Follicle stimulating hormone FSH

FSH is a glycoprotein produced by 

gonadotrophic cells in the anterior pituitary in 

response to pulsatile secretion of hypothalamic 

GnRH and granulosa cell derived activin.

FSH receptors are found on granulosa cells 

within developing preantral follicles and 

stimulation of these receptors promotes 

folliculogenesis.

FSH specifically acts on granulosa cells to 

convert testosterone, produced by neighboring 

theca interna cells, into estradiol (E2) by 

increasing the activity of aromatase. 

AMH, Anti-Müllerian hormone 

has beenproven to be a sensitive biomarker 

for detecting the menopausal transition

early ovarian aging.

15

16



15/03/2024

9

Biomarkers of common reproductive
impairments in females

POF is defined as loss of function of ovaries before age 40. 

Underlying causes range from chromosomal defects to chemotherapy induced gonadal toxicity. 

AMH and Inhibins applicable to menopause diagnosis may also be useful in the diagnosis of POF leading 

to early onset menopause. 

Numerous studies associate mutations in BMP-15 and GDF-9 with POF. 

About 15% of the female 

population faces infertility 

issues because of 

premature ovarian failure

PREMATURE OVARIAN FAILURE 

(POF)
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↑ levels of miR-21 (Serum)

↑ levels of AMH + ↓ low levels of SHBG (sex hormone-binding globulin)

POLYCYSTIC OVARY SYNDROME 

(PCOS)

Biomarkers:

PCOS is a complex endocrine system disorder with 

reproductive, metabolic, cardiovascular and psychological 

manifestations. 

PCOS is a significant medical problem. 

Menstrual history and ultrasonography along with serum-based 

markers like testosterone and LH to FSH ratio are currently 

used to diagnose PCOS. However, these methods are error-

prone and are at best suggestive of PCOS. 

AMH levels are reported high in PCOS patients and in recent 

years has gained considerable attention as a potential 

diagnostic tool. 

There is a tremendous need to address these limitations to 

improve patient quality of life from menarche through 

menopause by encouraging the early diagnosis of PCOS with 

effective assays and diagnostic standards.

Anti-Müllerian hormone (AMH) is a member of the transforming 

growth factor-β (TGF-β) family. 

During embryonic development, AMH secreted by Sertoli cells 

in the developing testis causes regression of the Müllerian or 

paramesonephric ducts and inhibits the formation of the female 

duct system.

In the female, AMH is produced by granulosa cells in follicles, 

with expression highest in the preantral and small antral 

follicles. 

AMH is a marker of fertility in women, cattle, goats, pigs, and 

mice, with circulating concentrations positively correlated to the 

number of morphologically healthy oocytes in the follicular 

reserve.

In the human, serum AMH is used to determine the onset of 

menopause, a state of reproductive cycle cessation due to 

ovarian follicle depletion.

Anti-Müllerian 
hormone (AMH) 
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Besides their utility in assessment of ovarian reserve, many 

TGF-beta superfamily proteins may also be useful in 

researching various cancers of the reproductive system.

Positive correlation between AMH and breast cancer risk in 

premenopausal women. 

AMH was also reported as a biomarker for adult-type 

granulosa cell tumors. Utility of AMH as a biomarker in 

cancer research is further supported by animal studies 

where serum AMH levels were used to diagnose canine 

Sertoli cell tumors and granulosa cell tumors in mares. 

Additionally, several studies highlight the importance of 

Inhibin A, Inhibin B, Follistatin and Follistatin-Like 3 as 

biomarkers in cancers such as granulosa cell tumors, breast 

cancer, and ovarian cancer.

CANCERS OF REPRODUCTIVE 

SYSTEM

doi: 10.5491/SHAW.2012.3.3.166

The five main types of gynecologic 

cancer are:

• cervical

• ovarian 

• uterine 

• vaginal

• vulvar

1. Follistatin: is a glycoprotein present in the follicular fluid of the ovary. It serves as 

a biomarker of ovarian mucinous tumors and pregnancy. Another study 

suggested its use in the diagnosis of lung adenocarcinoma 

Biomarkers of reproductive cancers

Follistatin Gene Therapy Improves Ambulation in Becker Muscular Dystroph

support the survival of 

adenocarcinoma cells 

by neutralizing the 

action of activin A.
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2. Cancer antigen 125: Ovarian carcinoma is diagnosed by CA-125. It is a tumor-

associated antigen released by the coelomic epithelium that serves as a useful biomarker for

endometriosis. It is secreted in bodily fluids in soluble form or expressed on cell surfaces that

experience metaplastic differentiation into Müllerian-type epithelium.

CA-125:  benign conditions: uterine fibroids

endometriosis

during early pregnancy

malignant conditions: non-Hodgkin lymphoma

Mesothelioma

Leiomyosarcoma

breast cancer

gastric cancer

liver diseases

ovulatory cycles

congestive heart failure

tuberculosis

Biomarkers of reproductive cancers

3. Interleukin-8: Interleukin-8 is an important contributing factor to male genital tract 

inflammation/infection. 

It is associated with benign prostatichyperplasia-related inflammation. Seminal plasma 

interleukin-8 may serve as a predictive and reliable surrogate marker of prostatitis and 

leukocytospermia. 

It has also been reported that seminal plasma interleukin-8 is involved: 

in the swelling of the prostate, along with other organs of the male reproductive tract, 

especially the epididymis and seminal vesicles, but not the testis. 

Interleukin-8 has also been found to be a promising marker for several clinical conditions: 

- non-Hodgkin lymphoma

- nosocomial bacterial infections

- osteomyelitis,

- inflammatory bowel disease, 

- acute pyelonephritis

- pulmonary infections

- vesicoureteral reflux

- Prostatitis

- urinary bladder cancer

Biomarkers of reproductive cancers
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4. Interleukin-6: Interleukin-6 is a multifunctional cytokine that acts as a triggering factor of B-

lymphocytes because it triggers the differentiation of B cells, which give rise to antibody-

producing plasma cells.

Interleukin- 6 affects the progression of prostate cancer and prostate carcinoma, as well as the 

production of prostate-specific antigen. 

Menstrual effluents contain interleukin-1β, interleukin-6, and tumor necrosis factor α, thereby 

acting as a biomarker of chronic endometritis, and it has been reported that the tumor necrosis 

factor α gene is more highly expressed in women with endometriosis.

Biomarkers of reproductive cancers
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Endometrial cancers is one of the most common gynecological 

malignancies

↑ Oncofetal protein IMP3*

↑ methylation of SOX1, HS3ST2, and AJAP1

Biomarkers:

*Insulin-like growth factor II mRNA-binding protein 3 (IMP3) is an oncofetal 

protein highly expressed in fetal tissue and malignant tumors but rarely 

found in adult benign tissues.

https://doi.org/10.3390/cancers15102686

Circulating and Endometrial 
Tissue microRNA Markers 
Associated with Endometrial 
Cancer Diagnosis, Prognosis, 
and Response to Treatment
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Several cancers and the treatment

regimens adversely affect gonadal

health, thus preserving the

reproductive future is a major

emotional and financial concern

among cancer survivors.

ONCOFERTILITY

Numerous studies show the 

promise of AMH as a serum-

based biomarker for the 

assessment of ovarian reserve in 

cancer patients and survivors. It 

is important to note that 

assessment of ovarian reserve in 

certain cancer patients and 

survivors involves measuring 

very low AMH levels. 
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Option for fertility preservation in girl undergoing cancer treatment

Pediatric and Adolescent Oncofertility in Male Patients
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Numerous studies show the promise of 

AMH as a serum-based biomarker for the 

assessment of ovarian reserve in cancer 

patients and survivors.

It is important to note that assessment of 

ovarian reserve in certain cancer patients 

and survivors involves measuring very low 

AMH levels. 

AMH assay that uses dry blood spots 

compared to the conventional serum or 

plasma samples. Dried blood spot 

specimens' stability makes it a practical 

alternative to venous blood. It opens new 

possibilities in AMH testing, such as 

comparison of historical to current patient 

results; simplified blood sampling for 

patients in remote locations or for those 

who are homebound.

MALE INFERTILITY
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Biomarkers of common reproductive 
impairments in males

It is estimated that up to 7% of men are affected 
by infertility and 50% of fertility problems within a 

heterosexual couple are due to the man.

Several proteins expressed in the

epididymis and testis were directly 

associated with fertility [ ] of seminal plasma proteins such as TEX101 and ECM1 

can

be used as biomarkers for diagnosing azoospermia.

↓ regulation of several genes, such as SPATA3, SPACA4, 

FAM71F1, UBQLN3, GGN, and AKAP4 has been 

observed in infertile males. 

↑ regulation of TMEM225, ADCY10, WBSCR28, GSG1,

FSCN3, GTSF1L, and SPATS1 was identified in males 

with late maturation arrest.

SPACA = Sperm acrosome membrane-associated protein
TEX101 = Testis-expressed sequence 101 protein
ECM1 = Extracellular matrix protein 1

Total serum cathepsin D and K activity and 

total sialic acid as biomarkers for 

distinguishing between benign prostatic 

hyperplasia and prostate cancer.

obstructive azoospermia
non-obstructive azoospermia 
pretesticular azoospermia

The DNA degradation index has been 

proven to be a noninvasive biomarker 

for identifying infertile individuals with 

varicocele, a condition that causes 

impaired testicular function and is 

associated with increased

fragmentation in sperm DNA. 

Seminal plasma can be used in the 

discovery of biomarkers because the 

seminal plasma proteome contains a 

plethora of proteins, including tissue-

specific proteins, and may be used to 

monitor pathological processes
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•DOI: 10.3109/19396360903515430

Sperm DNA fragmentation as visualized after 

application of the SCD test and staining using Gel 

Red. (a) Fresh sperm sample processed at baseline. 

Yellow arrows highlight sperm nuclei containing

damaged DNA. (b) Fresh sperm sample after 24 h 

incubation. Green arrows show highly degraded

sperm nuclei.

DNA Fragmentation Dynamics in Fresh Versus 

Frozen Thawed Plus Gradient-Isolated Human 

Spermatozoa

Gel Red staining provided high resolution images in 

the sperm chromatin dispersion (SCD) test.

Inhibins and Activins are gonadal hormones relevant for the assessment 

of testicular function. 

Serum Inhibin B and Activin A levels have been correlated with several 

conditions affecting spermatogenesis and patients with idiopathic male 

infertility show higher levels of Activin A in serum and semen samples as 

compared to fertile donors.

Serum Inhibin B was also found to be useful in the prediction of 

azoospermia risk in testicular cancer patients' post-treatment. 

MALE INFERTILITY
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Prognostic role of AMH in assisted reproductive is well studied. 

Numerous studies focusing on patients undergoing in vitro fertility and intracytoplasmic sperm injection 

(IVF/ICSI) report correlation between AMH and treatment outcomes. Seminal AMH levels were reported to be 

useful in predicting motile sperm recovery rate in cryopreserved semen from asthenozoospermic men. Seminal 

AMH may also be useful in selecting infertile patients for recombinant FSH treatment.

Though major focus has been on AMH, studies also show that serum Activin A can be a marker of outcomes in 

pregnancies conceived via IVF. 

Levels of Inhibin B in follicular fluid correlates with presence of oocyte and Activin A/Inhibin B ratio in follicular 

fluid has also been shown to correlate with the number of oocytes retrieved. 

Inhibin B levels were reported to gradually increase during controlled ovarian hyperstimulation procedure and 

correlated with outcomes.

ASSISTED REPRODUCTIVE 
TECHNOLOGY

During embryonic development, AMH plays an important role 

in sexual differentiation. In the male fetus the expression of 

AMH from primitive Sertoli cells causes Mullerian duct 

regression, while in the female fetus the absence of AMH 

allows for development of female reproductive organs. 

AMH levels at birth are very high in boys and very low to 

undetectable in girls. In cases of ambiguous genitalia, AMH 

measurement becomes essential to determine the presence 

of testicular tissue. Many other conditions involving disorders 

of sex development rely on AMH assessment for determining 

treatment options. 

DISORDERS 

OF SEX DEVELOPMENT
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• important roles in regulating testicular descent (the testes descend into the scrotum during foetal development)

• preparing the sperm for internal fertilisation (the sperm fertilizes the egg within the female). 

• essential for regulating early pregnancy, 

• mammary gland development lactation (secretion of milk from the mammary gland), 

• viviparity (allowing the fertilized egg to grow inside the female until they can exist independently). 

Neohormones are a group of recently evolved hormones primarily associated to the success of 

mammalian development. 

These hormones are specific to mammals and are not found in other vertebrates—this is 

because neohormones are evolved to enhance specific mammalian functions. 

Neohormones

Neohormones superimpose their actions on the hypothalamic-pituitary-gonadal axis 

and are not associated with other core bodily functions.

INSL3 (Insulin-like 3) • anti-apoptotic in follicle selection (female)

• germ cell survival (male), excellent indicator of Leydig 

cell functional capacity, especially in aging males.

Endocannabinoids as potential biomarkers in 
reproductive medicine

Endocannabinoids (anandamide and 2-AG) have 

proven to be potential biomarkers of reproductive 

impairments. 

They are a group of bioactive lipids that act as 

crucial signals in human reproduction.

Fluctuations in the balance between the degradation 

and synthesis of endocannabinoids lead to local 

changes in the human male and female reproductive 

tracts, which in turn adjust and control several 

pathophysiological processes, including sperm and 

oocyte maturation.
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Biomarkers of an abnormal corpus luteum:

• Progesterone

• Inhibin 

• Renin and Relaxin

Biomarkers of the fallopian tube and pregnancy maintenance:

• Vascular endothelial growth factor (VEGF)

• Creatine kinase
It is a dominant angiogenic factor important in vascular growth, remodeling, and permeability. 

It regulates angiogenesis in the endometrium and corpus luteum. 

VEGF also plays a key role in placentation and implantation.

Serum VEGF levels would be elevated in tubal ectopic pregnancy

Serum VEGF levels are usually elevated in patients with disseminated cancer.

The concentration of VEGF is elevated in endometriosis patients .

NGF-β and VEGF are principal neurotrophic factors of the male reproductive system. 

NGF-β and VEGF levels = novel biomarkers of diabetes-induced testicular damage.

It is an enzyme released in response to muscle damage, is used as a marker of fallopian tube damage 

and a biomarker for the diagnosis of myocardial infarction. 

↑ level = ectopic pregnancies
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Biomarkers of abnormal fetal growth:

• Pregnancy-specific b-1-glycoprotein (Schwangerschaft protein 1, SP1)

• Human placental lactogen

• Human chorionic gonadotropin

• Pregnancy-associated plasma protein-A

• α-Fetoprotein

In complicated pregnancies:

SP1 ↓with increasingly severe 

retarded intrauterine growth

hPL is secreted by the placenta.

It can be monitored during the first trimester of pregnancy. 

hPL ↓ in pregnant women with tubal ectopic pregnancy

hCG is the only biomarker currently used 

routinely in clinical practice. 

hCG is released by trophoblasts and an 

increase in its level indicates the viability and 

survival of an embryo. Circulating hCG could 

be used as a biomarker or a tool for 

monitoring oxidative stress during pregnancy.

Biomarkers of normal implantation:

• Progestagen-associated endometrial protein/glycodelin (placental protein-14)

• Leukemia inhibitory factor PP-14 regulates the uterine environment to make it suitable for pregnancy

It plays an important role in the occurrence and timing of the suitable 

sequence of events in the fertilization process.

In healthy women, serum PP-14 concentrations changes during the phases of 

the menstrual cycle

The concentration of PP-14 is lower in endometriosis-affected subjects

Leukemia inhibitory factor belongs to the interleukin-6 family of cytokines,

It is a key contributor to human reproduction, implantation, and inflammation. 

It is involved in the regulation of differentiation and growth of embryonic stem cells, and primordial germ cells.

Leukemia inhibitory factor was associated with successful pregnancy initiation

It is a potential biomarker of pregnancy.
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Many environmental chemicals act as endocrine disruptors, such 

as dichlorodiphenyl-trichloroethane, dioxins, and polychlorinated 

biphenyls, which are anti-androgenic and estrogen-like in nature. 

They impede natural hormonal action and cause infertility in 
males and females

Endocrine disruptors effects:

• Prostateand testicular cancers

• Hypospadias

• Undescended testis

• Abnormal sexual development

• Sertoli cell-only patterns

• Altered thyroid and pituitary gland

Biomarkers for measuring the estrogenic effects of endocrine disruptors

Biomarkers:
1. Complement component 3 and ornithine 

decarboxylase
2. Vitellogenin
3. pS2 and mucin 1
4. Progesterone receptor
5. Calbindin-D9k
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