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The use and misuse of steroid hor-
mones has attracted signifi cant 

scientifi c interest and recently much 
political attention. It is well known 
that when steroids are inappropriately 
formulated and used, they are inef-
fective, or worse, can lead to serious 
side effects. In response to an alarm-
ing increase in the unsupervised and 
indiscriminate use of various steroid 
hormone precursors, the Congress of 
The United States has recently drafted 
legislation that would prohibit their 
distribution as dietary supplements. 
Driving this irrational exuberance for 
the use of steroidal compounds is the 
natural human desire for a panacea. 
That desire has been fueled by a rich 
literature, aggressively exploited by a 
swollen and practically unregulated 

nutraceutical industry, describing 
tantalizing benefi ts of hormones 
in an almost bewildering array of 
experimental systems that rarely estab-
lished clear benefi t in humans. Care-
fully controlled clinical studies have 
shown that the oral administration 
of steroid precursors leads towards 
unwanted side effects with little of the 
anticipated benefi ts. New discover-
ies show that potent clinical benefi t 

may be safely attainable only when 
specifi c indications are targeted by the 

appropriate formulation and route of 
administration (non-oral) of an active 
substance administered in a manner 

that successfully treats the disease 
while minimizing side effects. It is 
to this end that true pharmaceuti-
cal development, including human 
clinical trials regulated by regulatory 
agencies (FDA), governs the thera-
peutic indications of these potent 
compounds to treat specific human 
diseases so that they can become part 
of a physicians armory to improve 
the health of patients.

• The immune active adrenal ste-
roids
The infl uence of non-glucocorticoid 
steroids on the immune system is an 
area of intense scientifi c investigation, 
with the derivatives of the nineteen 
carbon adrenal androgens being 
appreciated as both pro-infl ammatory 
and anti-infl ammatory agents. Over 
30 different steroids are made by the 
adrenal cortex. Collectively called 
corticoids, historically they have been 
grouped into three classes: 1) the 
mineralcorticoids, which act in selected 
tissues to regulate ion transport; 2) the 
glucocorticoids (GC), which in many tis-
sues, act to control the expression of a 
large number of genes affecting diverse 

cellular functions, including down 
regulation or dissipation of immune 
responses and infl ammation; and 3) 
derivatives of the nineteen-carbon steroid, 
dehydroepiandrosterone (DHEA), which 
include the sex steroids, and which also 
have diverse functions including sexual 
development and immune modulation. 
Immune modulation by the sex ster-
oids may be achieved in part through 
interactions with androgen and estro-
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gen receptors, but the understanding 
of this phenomenon is far from com-
plete, and the activity as either pro or 
anti-infl ammatory is highly context 
dependent. The potent effects of sex 
hormones on immune function are 
perhaps best refl ected in the far greater 
incidence of autoimmune diseases in 
women versus men (1,2). Estrogens 
promote Th2 and suppress Th1 activ-
ity, while androgens have the reverse 
affect (3). High estrogen levels associ-
ate with Th2 biased diseases, protect 
against Th1 biased disorders (4-6) 
and androgen insuffi ciency is linked 
with Th2 biased disease (7). Endocrine 
and immune system interaction in Th1 
and Th2 driven diseases are complex, 
however, and the observed pathology 
does not always correlate with expected 
levels of sex hormones. Studies in men 
and women with rheumatoid arthritis, 
a Th1 disorder, revealed low estrogen 
in pre-menopausal women, as expected, 
but also low androgen in elderly male 
and female patients (8-12). It is also 
worth noting that generally, men with 
autoimmune disease do worse than 
women and progress to severe disability 
more rapidly. Thus, incidence and out-
come have opposite gender associations. 
Such observations suggest, not only the 
importance of hormonal balance, but 
also that replacement of sex steroids 
might not guarantee clinical benefi t, 

while risking obvious and often serious 
side effects. The remaining members 
of this third class of adrenal steroids 
modulate the immune system through 
interactions with largely unknown cel-
lular targets, with evidence for the exist-
ence of both nuclear and non-nuclear 
receptors. As with the sex steroids, 
activity appears to be highly context 
dependent. 
 DHEA, the most abundant 
adrenal steroid (13), is a central inter-
mediate in the metabolic pathways 
leading to the sex hormones and to 
other immunologically active steroids 
that lack androgenic and estrogenic 
activity (Figure 1). DHEA levels in 
blood decline sharply after age 35-40 
in most individuals (14), paralleling 
increased reactivity to self, declines 
in responsiveness to foreign antigens, 
and increased susceptibility to cancer, 
infectious diseases, autoimmune, and 
metabolic disorders (15). DHEA sup-
plementation therapy has been inves-
tigated as a means to rejuvenate the 
immune system, with mixed results. 
Partly because of these fi ndings, and 
partly because of ready availability, 
DHEA has been extensively studied 
over the last several decades, with 
great success in rodents, but with only 
equivocal results in man. Reported 
pre-clinical benefi ts include protec-
tion against diabetes (16), cancer (17) 

cardiovascular disease (18), autoim-
mune diseases such as lupus (19), 
and most recently, multiple sclerosis 
(20). DHEA has also been reported 
to prevent obesity (21) and lower 
serum cholesterol levels (22).

• Characterization and develop-
ment of natural and synthetic im-
mune regulating hormones
In contrast to GC, oral DHEA pro-
duces far more limited clinical effects 
(23). This may be attributed to poor 
oral bio-availability, ineffi cient conver-
sion to active metabolites, and ready 
conversion of DHEA to sex hormones, 
properties which give rise to undesir-
able androgenic and estrogenic side 
effects, rather than the anticipated 
clinical benefi t. Thus, as a dietary sup-
plement in man, DHEA itself is prob-
ably inactive and may cause side effects. 
Very recently, Lardy and colleagues 
have resolved, identifi ed and character-
ized an array of 19 DHEA metabolites 
(24). It is not widely appreciated, but 
in most instances, DHEA may not be 
active as a hormone, but requires fur-
ther metabolism into active species (25), 
the activity of the metabolites depends, 
in turn, on the ambient hormone and 
cytokine environment. An entire family 
of related androstenes comprised of 
natural downstream metabolites of 
DHEA, and their synthetic analogues 
is currently under pharmacological 
development for use in a wide variety 
of clinical indications. These mol-
ecules may be thought of as a distinct 
class of steroids, immune regulating 
hormones (IRH), that possess potent 
anti-proliferative, anti-infl ammatory 
and immune regulatory properties, and 
that maybe engineered with little or 
no androgenic or estrogenic potential 
(26,27). The identifi cation of potent 
DHEA metabolites, non-oral formu-
lations, and the rational construction 
of synthetic derivatives that direct 
metabolism away from side effects and 
towards clinical benefi t form the basic 
strategies for development of candidate 
compounds for specifi c clinical indica-
tions.
 IRH, as defi ned here, are steroi-
dal molecules with immune regulating 
activity not directly mediated by the GC 
receptor. Candidate molecules include 
a variety of androstane and androstene 
derivatives, both naturally occurring 
and synthetic. At least six molecules 
(Figure 2) have demonstrated signifi -

Figure 1: Relationship of Immune Regulating Hormones to Sex Steroids and DHEA. Immune regulating 
hormones may be thought of as “an alternative pathway” emanating from DHEA with little or no androgenic 
or estrogenic potential associated with their activities.



The Immunobiology and Therapeutic Potential of ...                        D.L. Auci et al.                          Mod. Asp. Immunobiol. 3 (2), 64-70, 2003

 page 66

cant and beneficial biological activity, 
with only two compounds capable 
of producing even weak androgenic 
or estrogenic effects: HE2000 (16α-
bromoepiandrostertone); HE2100 (5-
androsten-3β, 17β-diol); HE2200 (5-
anderosten-3β,7β,17β-triol); HE2300 
(5-androsten-7, 17-dione); HE2400 (5-
androsten-3β, 17α-diol) and HE2500 
(5-androsten-16α-fluoro-17-one). 
Two are synthetic derivatives and four 
are naturally occurring metabolites 
of DHEA. All are subject to further 
metabolism in liver and peripheral tis-
sues. As a result, optimal efficacy may 
depend on route of administration. 
The oral or gastric route of admin-
istration is usually the least effective 
due to first-pass metabolism. Also, 
it is important to remember, as we 
compare the activities of IRH with 
DHEA and extrapolate from animals 
to humans, that the metabolic poten-
tial is different in rodents and man. In 
our studies, DHEA and HE2100 are 
metabolized much more rapidly and 
to more hydrophilic species in rodents 
(unpublished observations). This also 
helps to explain why the many bioac-
tivities of DHEA observed in rodent 
models, translated only poorly into 
clinical benefit. 

• The immunobiology of immune 
regulating hormones
Activities of IRH can be divided 
into at least six broad categories; (1) 
anti-inflammatory; (2) anti-GC; (3) 
immune-regulation; (4) hematopoi-
etic effects; (5) thermogenesis; and (6) 
anti-aging. All appear to overlap, and 
mechanistically, clinical benefit will 
likely be multifaceted.

Anti Inflammatory Effects
A wide body of literature suggests that 
IRH limit non-productive inflammation 
triggered by bacteria and viruses (28-38), 
autoimmune responses (18,19), cancers 
(39) and allergens (40). Ben-Nathan and 
Loria showed that HE2100, and to a lesser 
extent DHEA, protected mice from lethal 
bacterial infections and LPS challenges. 
Protection was due to an inhibition of 
toxin induced TNF-α and IL-1 produc-
tion (41). Similar observations come from 
other mouse (42-44), rat (45,46) but not 
pig (47) studies. In addition, IRH therapy 
reportedly provides benefit in various 
models of trauma including hemorrhage 
(48), burns (49), and hyperglycemic brain 
injury (50). 

Anti-GC Activity
DHEA, as a stimulator of peroxisome 
proliferator-activated receptor alpha 
(PPARα), is able to reduce the cortisol/
cortisone ratio by decreasing expression 
of 11β-hydroxysteroid dehydrogenase 
type 1, the enzyme responsible for 
the conversion of 11β- deoxycortisol 
(cortisone) to cortisol, and has been 
described as a natural “anti-glucocor-
ticoid” (51,52). Loria and colleagues 
showed that both IL-2 and IL-3 secre-
tion by Con A activated lymphocytes 
was potently increased by HE2200. 
Moreover, co-culturing with HE2200 
significantly reversed the classic immu-
nosuppressive effects of hydrocortisone 
on Con A induced lymphocyte prolif-
eration and on IL-2 and IL-3 produc-
tion (53,54). HE2200 was also found 
to regulate cytokine secretion from 
macrophages and to counterbalance GC 
function (55). Co-culture with HE2200 
reversed the down-regulatory effect of 
hydrocortisone on LPS-induced TNF-α 
and IL-1 secretion. This same group also 
showed that DHEA and HE2200 could 
act conversely to GC, to downregulate 
IL-4 and IgE production, limiting a GC 
induced Th2 response (56). Interestingly, 
HE2200 did not abrogate the protective 
effects of dexamethasone in a murine 
LPS challenge model (Hollis Eden, 
unpublished results).

Immune Regulation
Several studies suggest that DHEA 
enhances Th1 and suppresses Th2 
responses (57-60) while GCs have the 
opposite effect (61). Thus, it becomes 
tempting to speculate that the balance 
between GC and DHEA is like an 
endocrine driven balance between Th1 
and Th2 immune bias. However, con-
troversy surrounds this issue with both 
in vivo and in vitro studies suggesting 
that DHEA does not shift Th1/Th2 bias 
in humans (62) or rodents (63). Other 
citations even challenge the hypothesis 
that either GC or DHEA can directly 
regulate Th1 versus Th2 cytokine pro-
duction (64,65). Instead, it may be that 
the metabolic products of DHEA mod-
erate the over expression of cytokines and 
thus limit non-productive (either Th1 or 
Th2 biased) inflammation. This attenu-
ation of non-productive inflammation 
may explain, at least in part, how these 
compounds provide protection from 
pathogens through an anti-inflamma-
tory mechanism while maintaining a 
protective immune response.

Hematopoietic Effects
In the mouse, HE2100 and DHEA 
reduced stress and corticosteroid-
induced thymic atrophy, respectively 
(66,67), presumably via some form of 
activity on the hematopoietic elements. 
However, in vitro, neither HE2100 nor 
DHEA stimulated either splenocyte 
proliferation or IL-2 or IL-3 production 
(54). HE2200, a more highly oxidized 
metabolite of DHEA, stimulated both. 
With regard to activity on bone marrow, 
as plasma levels of DHEA fall with age, 
certain reports associate decreased bone 
marrow cellularity (68-71). However, 
other reports suggest that aging has 
little effect on bone marrow cellularity 
(72-74). There are no reports address-
ing the physiologic role of androstene 
metabolites on steady-state myelopoi-
esis in man. However, a single sub-
cutaneous dose of HE2100 given to 
normal, healthy B6D2F1 mice stimu-
lated myelopoiesis as evidenced by: (a) 
doubling circulating neutrophil count 
at four days, (b) increasing femoral 
bone marrow cellularity at 4 and 10 
days, and (c) increasing circulating 
platelets at fourteen days (75). The 
frequency of granulocyte-macrophage 
colony-forming cells (GM-CFC) in the 
femoral bone marrow was unchanged. 
In contrast, after 3 Gy of total body 
irradiation, followed by HE2100 
administration, the femoral GM-CFC 
content approximately doubled when 
compared with control, suggesting 
that HE2100 has more pronounced 
myelopoietic activity in the context of 
a hematopoietic insult.

Thermogenesis
Thermogenesis is the production of 
heat from mitochondrial electron 
transport and is associated with the 
utilization of fatty acids as an energy 
source. Nearly a decade ago, Lardy 
and colleagues reported that admin-
istration of DHEA to rats decreased 
weight gain without affecting food 
intake. Simultaneously, the activities 
of liver malic enzyme and cytosolic 
glycerol-3-phosphate dehydrogenase 
were increased (76). Subsequently, 
Lardy found that 7-alpha-hydroxy and 
7-oxo derivatives (HE2300), metabo-
lites of DHEA, were more active than 
the parent steroid. Lardy concluded 
that these 7-oxo steroids have poten-
tial as therapeutic agents to regulate 
thermogenesis in vivo, because of 
increased activity in in vitro thermo-
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genesis assays without the unwanted 
conversion to either testosterone or 
estrogen (77,78).

Anti-Aging Effects.
The anti-aging effects of DHEA have 
long been noted (79,80). Plasma levels 
of DHEA peak at around age 25 and 
then progressively decrease to approxi-
mately 5% of peak values by age 85. 
Further, epidemiological evidence 
has shown that adult men with high 
plasma DHEA levels are less likely to 
die of cardiovascular disease. These 
observations have suggested that 
DHEA could play a signifi cant role in 
aging and longevity (81). Decreased 
capacity of a host to mount and 
regulate an immune response with age 
was once attributed to either a loss of 
immune cells, or an inherent decrease 
in their function. However, immune 
senescence in mice can be reversed 
by treatment with DHEA or anti-
oxidants (82-84). Such observations 
suggest that age related defects are not 
due to the absence of cells or intrin-
sic functionalities, but instead result 
from a change in regulatory signals (i.e., 
cytokines). In fact, in aged animals, 
pro-infl ammatory cytokines (includ-
ing IL-6, IL-10, IL-12, IFNγ and 
TNF-α) are constitutively expressed 

at levels higher than in young animals. 
This over expression of cytokine may 
disrupt a protective immune response 
by drowning out appropriate regula-
tory signals (83). A manifestation of 
immune senescence in man is a poor 
immune response to vaccination. This 
lack of immune protection contributes 
signifi cantly to the high mortality rate 
that otherwise preventable infectious 
diseases exact on the elderly each year. 
In the aged mouse immune senescence 
model, contemporaneous administra-
tion of DHEA, HE2000, or HE2200 
with recombinant hepatitis B surface 
antigen vaccine has resulted in a vigor-
ous primary and secondary antibody 
response, which resembles that of 
younger animals (82,85). 

• Therapeutic indications
We have seen that IRH are signifi -
cantly more potent than DHEA with 
respect to anti infl ammatory and 
hematopoietic activity, as well as 
thermogenic effects. Safety and toxi-
cology studies in humans and various 
other mammals have shown that com-
pared to DHEA, IRH are practically 
devoid of androgenic or estrogenic 
side effects (76-78 and Hollis Eden 
Pharmaceuticals, unpublished stud-
ies). It is important to remember that 

only pharmaceutical formulations are 
safe, potent and able to provide the 
anticipated benefi ts while minimizing 
the undesirable side effects. The phar-
maceutical development of these new 
IRH is now entering an exciting new 
phase since specifi c compounds are 
beginning to distinguish themselves 
with respect to their activity in several 
clinical indications. 

HE2100 in Radiation Injury
Acute radiation exposure, either from 
nuclear accidents or acts of terrorism, 
is an international concern. Loria and 
Padgett recently demonstrated that s.c. 
injection of HE2100 protected irradi-
ated mice and enhanced resistance 
to infection. In animals treated with 
HE2100, increased numbers of lym-
phocytes were observed in the spleen 
at 7, 14, and 21 days after radiation 
exposure. Furthermore, treatment 
signifi cantly augmented the myeloid 
precursor markers, CD11b/Mac-1, 
and B220 (pan B), as well as the abso-
lute numbers of CD4+/CD8+ cells over 
the 21 days of testing (86). Similar 
observations came from Whitnall and 
colleagues, who showed that HE2100 
could stimulate myelopoiesis, amelio-
rate neutropenia and thrombocytope-
nia, enhance resistance to infection 
and dramatically increase survival fol-
lowing exposure of animals to lethal 
doses of ionizing radiation. Benefi t was 
greatest when compound was admin-
istered between 24 hr before and up 
to 2 hr after exposure (75). This same 
group extended these observations by 
showing that HE2100 increased num-
bers of neutrophils, monocytes and 
NK cells, that these changes persisted 
for several weeks, and that there was a 
signifi cant activation of NK cells (87). 
An injected form of HE2100 is the 
lead drug development candidate for 
use against radiation exposure.

HE2200 and HE2500 in Metabolic 
Syndrome
Metabolic syndrome is marked by a 
constellation of closely linked clinical 
features, including insulin resistance, 
abdominal obesity, hypertension, and 
dyslipidemia. Dyslipidemia often 
takes the form of high triglycerides 
and low HDL cholesterol with or 
without elevation of LDL. Metabolic 
syndrome is also associated with 
increased risk of coronary, cerebral 
and peripheral artery disease. Alarm-

Figure 2: Naturally occurring and synthetic immune regulating hormones. At least 
six molecules have demonstrated powerful and beneficial biological activity with 
minimal androgenic or estrogenic side effects. The arrows do not represent metabolic 
conversions, but rather refl ect chemical origin. 
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decreases in viral load were also 
reported (100,101). Clinical studies, 
aimed at determining the long-term 
ability of HE2000 to preserve immune 
function and slow progression to frank 
AIDS are indicated. Additionally, 
phase II studies of HE2000 have been 
completed in patients with malaria. 
Preliminary results showed that 34/42 
HE2000 treated malaria patients met 
the primary endpoint of 50% clear-
ance of parasitized erythrocytes and 
33/42 infested patients completely 
cleared within 7 days (102). The 
results clearly demonstrate that stimu-
lation of immunity may have a direct 
impact on the success of a pathogen in 
an infected individual. Thus, HE2000 
and related compounds may have far 
reaching applications for treatment of 
a wide variety of infectious agents.

HE2200 and HE2500 in Autoim-
munity
A wealth of pre-clinical data sug-
gests that HE2500 and HE2200 
can benefit a variety of autoimmune 
disorders. Recent studies in the rat, 
by Schwartz and colleagues, showed 
that HE2500, when administered 
orally or i.p., inhibits inflammation 
(as measured by ankle diameter) in 
the adjuvant induced arthritis model. 
The i.p. injection was about 20 times 
more potent than the oral route (103). 
Similar results come from Offner and 
colleagues in the murine model of col-
lagen induced arthritis (104). In addi-
tion, studies by this same group have 
shown that s.c. injection of HE2200 
or HE2500 delayed the onset, reduced 
the severity and attenuated the pro-
gression of the relapsing-remitting 
form of EAE, a widely accepted 
murine model for multiple sclerosis 
(105). The oral route was ineffective. 
Moreover, s.c. injection of HE2500 
significantly reduced ear thickness in 
a psoriatic mouse model (106). Bar-
nard and colleagues at the Institute for 
Virology, University of Utah, tested 
HE2200 for ability to ameliorate the 
nephritis associated with the Aleutian 
virus disease of the mink, an animal 
model for lupus nephritis, and dem-
onstrated lower viral antibody titers, 
normal weight gains, and a dramatic 
survival advantage (107). Taken 
together, these findings validate the 
immune modulating, anti-inflamma-
tory and anti-proliferative effects of 
IRH in these conditions and provide a 

powerful incentive for phase I/II clini-
cal trials. 

HE2400 in Cancer
HE2400 (β-AED) is a naturally occur-
ring epimer of HE2100 (β-AED) 
and exhibits strong in vitro cancer 
cell specific cytostatic activity. It has 
been identified in the amniotic fluid 
and fetal placental circulation in a 9:
1 excess over α-AED, with this ratio 
declining to 1:2 in adults (108). The 
effect of HE2400 on cancer cell lines 
was first described by Huynh and Loria 
(109). Concentrations as low as 50nM 
HE2400 inhibited proliferation and 
induced apoptosis in several myelopoi-
etic cell lines, including mouse P388D1 
and RAW 264.7 cells, and human HL-
60 cells. These authors later extended 
these findings to include direct inhi-
bition of estrogen receptor positive 
(ZR75-1) and negative (MDA-MB-
231) human breast cancer cell lines, 
and prostate cancer cell lines (110). 
There is at present, sparse in vivo data 
for this molecule. However, its broad 
range of activity and apparent ability to 
selectively act on cancer cells make it a 
highly interesting compound for explo-
ration and further development for use 
in treating cancer.

• Mechanisms of action: toward a 
new pharmacology
Our discussion of the potential thera-
peutic indications for IRH is by no 
means exhaustive and yet, we are already 
challenged to explain how these mol-
ecules provide benefit across such a vast 
spectrum of diseases. Exactly how IRH 
mediate their effects remains unknown, 
but nuclear hormone receptors have 
been identified for many compounds 
of similar structure and hyrophobicity, 
and known or unknown receptors may 
be targets for IRH. Using PPARα null 
mice, Waxman’s group demonstrated 
that DHEA stimulated CYP4A expres-
sion (a target gene of PPARα) in wild 
type mice, but not in the null mice. 
Thus, DHEA is an obligatory mediator 
of PPARα stimulated CYP4A induc-
tion, although DHEA failed to directly 
stimulate transactivation of PPARα 
(or two other PPAR isoforms, PPARδ 
and PPARγ) in a transient transfec-
tion model in vitro (111). Conversely, 
the administration of DHEA to aging 
mice elicited the reversal of IL-6 dys-
regulation in a process that involves 
PPAR activation (112). PPARs have 

ing increases in incidence amount to 
a global epidemic producing a criti-
cal need for therapeutic approaches 
that not only lower glucose, but also 
address dyslipidemia and atheroscle-
rotic cardiovascular disease (88). In 
mice, DHEA prevents obesity (21) 
and lowers serum cholesterol levels 
(22). DHEA and to a greater degree, 
HE2200 and HE2500, also markedly 
reduce hyperglycemia, hyperinsulinae-
mia and hypertriglyceridemia in mice 
and rats bearing either the ob, db, or fa 
mutations (27,89,90). Further, several 
studies in the rabbit have shown that 
DHEA inhibited the development of 
experimentally induced atheroscle-
rosis (91), reduced aortic fatty streak 
development in cholesterol fed ani-
mals(92), and reduced the number 
of diseased arterial branches in trans-
planted hearts (93). In man, treatment 
with DHEA raised concerns because 
of observed decreases in HDL (94), 
while treatment with HE2200 resulted 
in both lower total cholesterol levels 
and decrease in total cholesterol to 
HDL ratio (Hollis Eden, unpublished 
studies). In light of these observations, 
phase II randomized, double blind, 
placebo controlled clinical studies of 
the safety and activity of HE2200 in 
subjects with elevated cholesterol, and 
HE2500 in subjects with hypertriglyc-
eridemia have begun.

HE2000 in Infectious Disease
The progression of HIV infection 
is characterized by increased GC 
and decreased DHEA plasma con-
centration, which may shift Th1 
to Th2 immune bias and increase 
pro-inflammatory cytokines (95-97). 
Re-regulation of this Th1/Th2 ratio 
has been hypothesized to restore 
immune balance and may also treat 
the metabolic (protein and lipid) 
perturbations (98,99) associated with 
AIDS. Recently a successful phase I/II, 
placebo controlled, randomized study 
of HE2000 in treatment-naïve HIV-1-
infected individuals in South Africa 
was concluded. HE2000 was found 
to be safe in this patient population 
and increased activated CD8+ T cells 
and CD11c+ and CD123+ dendritic 
cells were observed, as were increased 
hematopoietic elements, including 
neutrophils, monocytes and platelets. 
Decreased inflammatory mediators 
(TNF alpha, IL-1 beta, IL-4, IL-6, 
IL-8) and greater than one half log 
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been implicated in adipocyte differen-
tiation (113), glucose and cholesterol 
homeostasis (114,115) inflammatory 
responses (116), and apoptosis (117). 
In addition to activating transcription 
of their target genes by binding to the 
peroxisome proliferator response ele-
ment in the promoter region, PPARs 
also negatively regulate gene expres-
sion through antagonizing transcrip-
tion factors such as AP-1, STAT, etc. 
(118). Simple activation of nuclear 
hormone receptors may be responsi-
ble for only certain aspects of IRH 
activity. Such compounds could also 
act to modify receptor-ligand affini-
ties, or influence the association of 
receptor-ligand complexes (with the 
different cofactors for nuclear hor-
mone receptors) present in various cell 
types. Thus, by multifaceted engage-
ment of nuclear hormone receptors, 
IRH could achieve diverse biological 
activities and thereby elicit activity in 
a variety of different disease settings. 
 Several activities of IRH may 
depend on their ability to modulate 
apoptosis. For example, treatment 
with DHEA increased the rate of 
apoptosis in the thymus of mice(119), 
perhaps suggesting a role in negative 
selection. In another context, DHEA 
protected murine thymocytes from 
dexamethasone induced apoptosis in 
vitro (120). Such apparently opposing 
activities only highlight the need for 
additional research into the activities of 
IRH on such basic processes of immu-
nity. Further, Oberbeck and colleagues 
reported that the protective effects of 
DHEA treatment observed in a murine 
model of trauma were accompanied by 
a normalization of splenocyte apopto-
sis (121). Finally, Zhang and colleagues 
suggest that during neurogenesis in the 
developing cortex, DHEA regulated 
the survival of neural precursors and 
progeny through the Akt signaling 
pathway (122).
 It is most likely that the 
mechanism of action of these mol-
ecules is multifaceted. The androstenes 
are known to regulate expression of 
enzymes (e.g,11β-hydroxysteroid 
dehydrogenase type 1). Androstenes 
and similarly hydrophobic compounds 
may act directly on cell surfaces and/or 
on intra-cellular membranes to effect 
fluidity or signal transduction. Alter-
native mechanisms of activity, such 
as interaction with cell surface recep-
tors for these molecules have been 

described. None of these possibilities 
are mutually exclusive, and any com-
bination could play a role in providing 
clinical benefit via different activities at 
different doses in different tissues.
 If one supposes the role of 
IRH as participating in immune 
system homeostasis, along with other 
molecules of the steroid series, then 
one might predict that in the context 
of either excessive Th1 or Th2 polari-
zation, treatment with the appropriate 
compound would tend to restore bal-
ance. This forms the basis for the con-
cept of context dependent regulation 
of the immune response. The context 
dependent nature of steroids to mount 
a differential response within a cell finds 
precedence in a recent publication by 
Galon and colleagues(123), who found 
simultaneous inhibitory and stimula-
tory effects of GCs on inflammatory 
T helper subsets and apoptosis related 
gene clusters. In cells activated by T cell 
receptor cross-linking, GCs down-reg-
ulated the expression of specific genes 
that were previously up-regulated in 
resting cells. IRH may act similarly, and 
this is an extremely important point to 
consider. Generally speaking, HE2000 
appears more potent at stimulating T 
cell responses and attenuating non-pro-
ductive Th2 associated inflammation, 
thereby restoring balance toward cell 
mediated immunity. HE2000 did not 
activate auto-reactive cells, and neither 
did treatment with HE2500 appear to 
predispose to allergy or infectious 
diseases, but rather limited T cell 
mediated autoimmune responses and 
associated non-productive inflamma-
tion. Thus, the immune modulating 
capacity of these compounds appears 
restricted to the context of immune 
hyperactivity and focused on limiting 
non-productive inflammation. 
 Whatever the exact 
mechanism(s) of action, the iden-
tification and development of IRH 
for use in man opens the door to 
an entirely new class of compounds 
with applications over a broad range 
of clinical indications, including the 
potential to address some of the most 
challenging unmet medical needs of 
our time. The target is inappropriate 
regulation and function and the aim 
is to restore homeostasis in organ sys-
tems. The most potent weapon in the 
fight against many diseases may be a 
well-regulated and functional immune 
system.
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