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Aptamers are a novel technology enabling the continuous measurement of analytes in blood and other body

compartments, without the need for repeated sampling and the associated reagent costs of traditional antibody-based

methodologies. Aptamers are short single-stranded synthetic RNA or DNA that recognise and bind to specific targets. The

conformational changes that can occur upon aptamer-ligand binding are transformed into chemical, fluorescent, color

changes and other readouts. Aptamers have been developed to detect and measure a variety of targets in vitro and in

vivo. Gonadotropin-releasing hormone (GnRH) is a pulsatile hypothalamic hormone, that is essential for normal fertility but

difficult to measure in the peripheral circulation. However, pulsatile GnRH release results in pulsatile luteinizing hormone

(LH) release from the pituitary gland. As such, LH pulsatility is the clinical gold standard method to determine GnRH

pulsatility in humans. Aptamers have recently been shown to successfully bind to and measure GnRH and LH and this

review focuses on this specific area. However, due to the adaptability of aptamers, and their suitability for incorporation

into portable devices, aptamer-based technology is likely to be used more widely in the future. 
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1. Introduction

Gonadotropin-releasing hormone (GnRH) is decapeptide secreted into the hypophyseal portal system by specialised

hypothalamic neurons, to reach its site of action at the pituitary gland. GnRH acts on pituitary gonadotropes to stimulate

the production and secretion of gonadotropins (luteinizing hormone (LH) and follicle stimulating hormone (FSH)) . LH

and FSH stimulate the secretion of sex steroids from the gonads (primarily testosterone from the testes and

oestrogen/progesterone from the ovaries) . Apart from during the pre-ovulatory phase of the menstrual cycle, GnRH and

LH secretion are inhibited by sex steroids (i.e., negative feedback) . However, during the pre-ovulatory phase of the

menstrual cycle, oestrogen exerts positive feedback on GnRH and LH secretion, leading to increased LH secretion and

the production of the LH surge required for ovulation .

GnRH, LH and FSH all exhibit pulsatile secretory patterns, which are pivotal to their biological functions , including

stimulation of gonadal sex steroid secretion. GnRH has a short half-life of 2-8 min in the peripheral circulation , with very

low levels (i.e., ≤5pg/ml) detected in plasma . Therefore, it is challenging to measure GnRH in the peripheral circulation.

As LH pulses are temporally coupled with GnRH pulses and LH is stable in the blood , LH levels and pulses are

commonly measured and used as the clinical gold standard surrogate markers of GnRH secretion.

GnRH and LH pulsatility change during different reproductive stages and at different phases of the menstrual cycle. Pre-

pubertally, LH levels are low and very few LH pulses are detectable. However, as puberty progresses, LH pulse frequency

increases in response to increased GnRH pulsatility . In adulthood, LH pulses occur approximately every 2 h in healthy

men . In healthy women, LH pulses occur every 1-2 h in the follicular phase and every 4 h in the luteal phase . When

reproductive senescence occurs in menopausal women, LH levels are markedly elevated (resulting from the absence of

negative feedback due to oestrogen deficiency), and approximately one LH pulse occurs each hour .

The detection and quantification of hormones (e.g. LH) have been reliant on antibody-based techniques for many

decades. However, problems with these methods include suboptimal inter-assay reliability and reproducibility, high cost of

reagents, high sample volumes required (limiting the number of samples that can be taken from a single subject) and the

time-consuming nature of antibody-based assays . To overcome these problems, alternative methods of analyte

detection and quantification have been developed. One such method is based on the use of aptamers (i.e. synthetic

ligand-binding oligonucleotides). In line with advancements in this technology, the development of aptamer-based assays

has accelerated over the last two decades, such that their use is likely to become more widespread.

In this review, we highlight the major types of aptamers in development and outline possible applications for aptamer-

based technology in the assessment of GnRH/LH pulsatility.
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2. Potential Applications of GnRH/LH Aptamers

As aptamers have been used in conjunction with modified implantable electrodes (i.e., gold-coated electrodes

functionalized with cocaine-specific aptamers) to measure cocaine in vivo in rat brains; a similar approach could be used

to measure GnRH in the hypothalamus in animals. This would provide invaluable information such as changes in GnRH

pulsatility during different stages of reproductive maturity and senescence, and in rodent models of human reproductive

orders such as Polycystic Ovarian Syndrome (PCOS, the most common reproductive disorder affecting pre-menopausal

women). Furthermore, incorporation of LH aptamers into intravenous or subcutaneous sensors would facilitate detailed

characterisation of LH secretion and pulsatility in rodents, sheep and other mammals, which have been limited by factors

such as blood volumes, technical challenges, as well as antibody-based assays with low specificity and inadequate

sensitivity.

Furthermore, the development of the recently described robotic LH-aptamer system  to include wireless connection to a

portable transdermal sensor (similar to continuous glucose monitors currently in use for diabetes management) would

revolutionize reproductive endocrinology research, due to the reduced costs and quantity of (previously inaccessible)

information this technology would enable researchers to obtain. In addition, the availability of an inexpensive portable

method of assessing LH pulsatility would facilitate timely and accurate diagnosis of patients presenting to clinicians with

reproductive disorders, particularly as currently these patients’ reproductive hormones are assessed using single

timepoint blood tests. Thus, GnRH and LH aptamers could have significant and beneficial impacts on research and in

healthcare.
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