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DHEA – The Enigmatic Sixth  
Steroid Hormone

T h e  h u m a n  e n d o c r i n e  s y ste m  i s 
based on six main steroid hormones. 
You have probably heard of the sex 
hormones estradiol,  progesterone 
and testosterone, cortisol, the ‘stress 
hormone’ and aldosterone, the ‘blood 
pressure hormone’. The sixth hormone, 
dehydroepiandrosterone (DHEA), is much 
less widely known or understood.

DHEA, as a sulphated ester, DHEA(S), is the 
most abundant steroid in the bloodstream. 
Our plasma DHEA(S) levels peak in our 
twenties but then decline with age. By the 
time we reach our eighties and nineties, 
our DHEA levels are 5–10% of what they 
were in our twenties. Professor Arthur 
Schwartz of Temple University believes 
DHEA could have a place in anti-ageing 
preventative medicine. Epidemiological 
studies have shown that  DHEA(S) 
deficiency is related to poorer physical 
f i tness,  increased cardiovascular, 
and critically, all-cause mortality risk. 
Animal studies have shown that DHEA 
supplementation can mitigate against 

cancer, atherosclerosis, obesity, and 
diabetes. Can this translate to humans?

Init ial  cl inical  f indings have been 
under whelming.  In a cl inical  tr ial 
conducted in 2006, older adults received 
daily oral DHEA supplements at doses 50 
or 75 mg in women and men, respectively. 
Disappointingly, no beneficial health 
effects were apparent. However, Professor 
Schwartz remains optimistic, noting that 
in this trial, dosages were selected so that 
serum DHEA(S) levels would increase to 
the peak levels of people in their twenties. 
If extrapolated to humans, DHEA dosages 
that elicit health benefits in animal models 
would be 15 to 30 times the 75 mg dosage 
used in the human trial and could elicit 
untoward androgenic and estrogenic side 
effects. Therefore, a more potent analogue 
lacking the sex-hormonal side effects of 
DHEA is needed.

Professor Schwartz is a scientific advisor to 
Sterotherapeutics LLC, a pharmaceutical 
start-up company. Professor Schwartz 
and his colleagues have synthesised and 
screened over 50 synthetic and natural 

analogues of DHEA in mouse models. 
One analogue, 16α-fluoro-5-androsten-
17-one, named fluasterone, stood out 
as far more potent than DHEA. In mouse 
studies, Professor Schwartz showed that 
fluasterone has superior cancer preventive, 
anti-glucocorticoid, anti-diabetic, and 
anti-obesity properties compared with 
DHEA. Furthermore, unlike native DHEA, 
fluasterone is non-androgenic and non-
estrogenic, so it should avoid these 
adverse effects. Using mouse models, he 
delves into the mechanistic underpinnings 
of DHEA’s mode of action – these largely 
revolve around inhibiting the release 
of reactive oxygen species (ROS) and 
antagonising glucocorticoid (GC) activity. 

Anti-Cancer Effects  

ROS are oxygen-derived radicals that are 
highly reactive oxidising agents. They 
have the potential to wreak immense 
oxidative damage on biological molecules 
and cells. Fortunately, cells have various 
mechanisms to avoid excessive ROS 
generation – DHEA forms part of this. 
ROS are generated by various enzymes, 
including cytochrome p450 and NADPH 
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oxidases (NOX). NOX enzymes are widely distributed and produce 
ROS as their main product. Although the biological roles of NOX 
enzymes are still being worked out, phagocytes are known to 
deploy NOX 2 to release bursts of ROS to fight microbial pathogens. 
However, excessive NOX activity is thought to be a hidden driver in 
age-related diseases, including cancer, atherosclerosis, ischemic 
stroke, fibrosis, and neurodegeneration. 

The pentose phosphate pathway (PPP) generates pentoses 
(five-carbon sugars), which are nucleotide precursors. Glucose-
6-phosphate (G6P) is an important metabolite, forking into either 
glycolysis or the PPP. In the initial phase of the PPP, G6P is converted 
to 6-phosphogluconate, catalysed by glucose-6-phosphate 
dehydrogenase (G6PD). This conversion leads to NADP+ being 
reduced to NADPH. NADPH is critical for ROS generation, being 
used as a reducing agent by oxidative enzymes, including NOX 
and cytochrome p450. DHEA is a potent uncompetitive inhibitor of 
G6PD and, therefore, prevents the generation of NADPH, starving 
oxidative enzymes of this vital substrate. 

In the well-studied two-stage skin tumorigenesis model in mice, 
skin papillomas are induced by topically applying a carcinogen 
such as 7,12-dimethylbenz (a)anthracene (DMBA), followed 
by twice weekly applications of a tumour promoter, such as 
tetradecanoylphorbol-13-acetate (TPA). DMBA is converted to an 
active carcinogen-mutagen by an NADPH-dependent cytochrome 
p450. Repeated TPA application produces sustained inflammation 

and epidermal hyperplasia, which acts on the DMBA-mutated 
cells to promote papilloma formation. Treating mice with DHEA 
inhibits papilloma formation at both the DMBA-initiation and 
TPA-promotion stages. 

In Professor Schwartz’s studies, fluasterone was more potent 
than DHEA in blocking DMBA activation as well as TPA-induced 
inflammation, hyperplasia, and papilloma formation. Notably, 
fluasterone’s anti-cancer effect was reversed by supplying the mice 
with drinking water containing the four deoxyribonucleosides, 
which overcomes the G6PD-induced inhibition in five-carbon 
sugars as well as very likely increases NADPH levels. This suggests 
that G6PD inhibition is critical to fluasterone’s anti-tumour activity.

Antagonising Glucocorticoid Activity

Cortisol is a GC hormone that primes the body for stressful 
situations – but too much cortisol is definitely problematic. 
Prolonged elevated cortisol exposure is a feature of Cushing’s 
syndrome – this may be due to excessive secretion (endogenous) 
or overuse of GC medication (exogenous). Serum cortisol increases 
with age – in tandem with the decline in DHEA. Professor Schwartz 
hypothesises that this interplay could be causally associated 
with age-related morbidities. These morbidities – experienced 
by patients with Cushing’s syndrome – include weight gain, 
hyperglycaemia, hypertension, immunosuppression, as well as 
osteoporosis and muscle atrophy.
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in preclinical studies as well as a possible explanation for 
the lack of clinical efficacy when 50 mg-100mg is 
administered to elderly individuals. I also describe the 
development of a non-androgenic analog of DHEA with 
enhanced potency and suggest that the testing of such 
analogs through non-oral administration might advance 
our understanding of the possible benefits of such 
compounds in ameliorating the development of age-
related disease. 
 
DHEA, Oxidative Stress, NADPH Oxidase, and 
Diseases of Aging 
 
There is increasing evidence that low-level, chronic 
inflammation and its associated oxidative stress plays a 
central pathophysiologic role in the development of age-
related diseases [23,2 4]. There are various enzymatic 
sources of reactive oxygen species (ROS), including 
xanthine oxidase, cytochrome p450, nitric oxide synthase, 
and the NADPH oxidases (NOX), a group of seven widely 

distributed enzymes, whose only known function is the 
production of ROS [25]. The first of these enzymes to be 
discovered, NOX 2, is the classical phagocyte NOX 
responsible for the respiratory burst and noted for its 
microbiocidal activity. 

Numerous studies suggest that the NOX enzymes 
appear to play a central pathophysiological role in the 
development major age-associated diseases, including 
cancer [26], atherosclerosis [27], ischemic stroke [28] as 
well as fibrotic [29] and neurodegenerative disease [30]. 
As discussed below, DHEA inhibits NOX activity 
through the inhibition of glucose-6-phosphate-dehydro-
genase (G6PD), the major source of cytosolic NADPH 
[31], which is an obligatory substrate for NOX activity 
[32]. Inhibition of G6PD is primarily responsible for the 
inhibition of skin tumor promotion by DHEA and 
structural analogs and very likely contributes to its cancer 
preventive and anti-atherosclerotic action in other 
experimental models (Fig. 1). 

 

 
 
Figure 1. The inhibition of G6PD and NADPH production by DHEA and related steroids. DHEA is a potent uncompetitive 
inhibitor (with respect to NADP+ and glucose-6-phosphate) of mammalian G6PD and thereby reduces the availability of NADPH and 
generation of reactive oxygen species by NADPH-dependent enzymes. Reprinted from Schwartz, AG, Pashko, LL, 
“Dehydroepiandrosterone, glucose-6-phosphate dehydrogenase, and longevity,” Aging Research Reviews, 2004, 3, 171-187, by 
permission of Elsevier. 
Preclinical studies have shown DHEA to be a GC antagonist. In 
mouse and rat models exposed to GC drugs, negative effects were 
mitigated with DHEA. Dexamethasone (Dex) is a GC drug with 
about 40 times the potency of cortisol. The effects of Dex exposure 
in mouse models include shrinking of the thymus and spleen 
(thymic and splenic atrophy), suppression of T- and B-lymphocytes, 
hypertension, and susceptibility to viral infection. In previous 
studies, these Dex-associated effects were antagonised in mice 
treated with DHEA. 

Professor Schwartz’s team compared the GC-antagonistic effect of 
eight DHEA analogues in mice exposed to Dex. They found that the 
analogues protected the mice against thymic and splenic atrophy 
and weight gain. Fluasterone was the most potent analogue, six 
times more potent than native DHEA in protecting against atrophy. 
Notably, they found a correlation between the analogues’ anti-
GC and anti-obesity activity, consistent with the known weight-
enhancing effect of GC.

Mechanistic Speculations 

How does DHEA antagonise GC activity? DHEA does not bind to 
the GC receptor and is not a competitive inhibitor. Preclinical 
studies have provided some intriguing mechanistic clues. In 
vitro cell culture and in vivo mouse studies suggest that DHEA 
reduces the activity of 11β-hydroxysteroid dehydrogenase type 1 
(11β-HSD1), an enzyme that ‘reactivates’ GC. Both preclinical and 
clinical studies have shown that reducing the activity of 11β-HSD1 
confers resistance to excess cortisol exposure. However, Professor 

Schwartz thinks that inhibition of 11β-HSD1 may partly account for 
DHEA’s anti-GC action but is unlikely to explain its protection against 
high-dose Dex treatment in animal studies. Other mechanisms 
must play a role.

A Tale of Two Receptors

Two oestrogen receptors – alpha and beta (ERα and ERβ) – are 
important in cancer. Activation of ERα, the classical oestrogen 
receptor, can promote breast and uterine cancer, whereas activation 
of ERβ antagonises ERα activity. Importantly, numerous preclinical 
studies have demonstrated that ligand-activated ERβ acts as a 
broad-spectrum tumour suppressor. Many studies have shown that 
DHEA, as well as a specific DHEA metabolite, 5-androstene-3β,17β-
diol (ADIOL), bind to and transcriptionally activate ERβ. ADIOL is 
significantly more active than DHEA and is believed to function as 
a potent endogenous activator of ERβ. Professor Schwartz suggests 
that DHEA-fluasterone suppresses cancer development in animal 
studies through ERβ activation as well as through G6PD inhibition.

The Move into Clinical Development 

Preclinical mouse models are shedding new light on the disease-
ameliorating effects of fluasterone. Professor Schwartz now wants 
to take this work into clinical development. Fluasterone will shortly 
enter a phase 2 trial for treating hyperglycaemia in patients with 
endogenous Cushing’s syndrome. If successful, this would validate 
the anti-glucocorticoid action of fluasterone in humans and pave 
the way for additional translational studies to assess the therapeutic 
and preventive efficacy of fluasterone.

The biochemical pathway inhibited by dehydroepiandrosterone. Reproduced with permission from Arthur G. Schwartz under the terms of a Creative 
Commons attribution license. DOI: https://doi.org/10.14336/AD.2021.0913 

Credits: Arthur G Schwartz
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Arthur Schwartz, Professor Emeritus of Microbiology at Temple 
University’s Health Sciences Center, is one of the world’s leading 
researchers on the steroid hormone dehydroepiandrosterone 
(DHEA), having spent over four decades investigating its chemical, 
biochemical, and physiological properties. He obtained his BA at 
Johns Hopkins University in 1961 and his PhD at Harvard University 
in 1968. He then embarked on postdoctoral fellowships at Oxford 
University and the Albert Einstein College of Medicine, New York, 
before taking on an assistant professorship at Temple University 
in 1972. He remains at Temple, having risen through the academic 
ranks. He is interested in applying DHEA analogues to prevent and 
treat age-related diseases, particularly cancer chemoprevention. 
To this end, he is a Scientific Advisor for SteroTherapeutics LLC, 
a pharmaceutical start-up company he helped establish in 2016. 
Professor Schwartz is an avid inventor, having obtained over 14 
patents, most of which relate to DHEA analogue therapy. 
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