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Summary

Diminished ovarian reserve (DOR) has a high morbidity rate worldwide and has become
a primary cause of infertility. DOR is a daunting obstacle in in vitro fertilization (IVF)
and leads to poor ovarian response, high cancellation rates, poor IVF outcomes, and
low pregnancy rates. Abnormal autoimmune function may also contribute to DOR.
Dehydroepiandrosterone (DHEA) is a C19 androgenic steroid. DHEA is secreted mainly
by the adrenal gland, and its secretion declines with age. DHEA has a pro-inflammatory
immune function that opposes cortisol. The cortisol to DHEA ratio increases with age,
which may lead to decreased immune function. DHEA supplementation helps improve this
situation. A number of clinical case control studies and several prospective randomized
clinical trials have observed a positive effect of DHEA supplementation in women with
DOR. However, the underlying mechanism by which DHEA improves ovarian reserve
remains unclear. DHEA functions as an immune regulator in many different tissues in
mammals and may also play an important role in regulating the immune response in the
ovaries. The conversion of DHEA to downstream sex steroids may allow it to regulate the
immune response there. DHEA can also enhance the Th1 immune response and regulate
the balance of the Th1/Th2 response. DHEA treatment can increase selective T lymphocyte
infiltration in mice, resulting in a decline in the CD4+ T lymphocyte population and an
upregulation of the CD8+ T lymphocyte population in ovarian tissue, thus regulating the
balance of CD4+/CD8+ T cells. This review mainly focuses on how DHEA supplementation
affects regulation of the immune response in the ovaries.
Keywords: Dehydroepiandrosterone (DHEA), diminished ovarian reserve (DOR), immune
response, cytokine, lymphocytes, endocrino-immune network

1. Introduction
Ovarian reserve decreases within a certain range as
women age. Women with a lower ovarian reserve
outside of this range are identified as having diminished
ovarian reserve (DOR). Reduced ovarian reserve
consists of a decline in the number of primordial
follicles, a decrease in the size of the dynamic reserve
of small antral follicles, and a deterioration in oocyte
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quality. These changes are evident as women age.
Some genetic mutations and disorders of the endocrine
system can accelerate or modulate the rate at which
the ovarian reserve is exhausted and cause premature
ovarian insufficiency (POI) (1). Among the various
causes of DOR, abnormal immune function may be a
great contributor to this phenomenon (2). Patients with
DOR often become infertile and have a poor response
to in vitro fertilization (IVF) (3,4). Researchers have
developed different protocols to solve this problem,
but none of them has proven to be ideal for such
patients (5-7). Dehydroepiandrosterone (DHEA) is
a C19 androgenic steroid that has been found to be
effective in many areas. Decades of observational
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studies both in clinical settings and in animals have
found that the levels of DHEA(S) are inversely
associated with cardiovascular risk, morbidity, and
mortality (8). In ovariectomized rabbits, DHEA was
found to protect against atherosclerosis because it
alleviated inflammation in endothelial cells (9). DHEA
is able to cross the brain-blood barrier. DHEA also has
neuroactive characteristics and it has positive effects
on human mood, emotions, and behaviors (10,11).
In 2000, Casson et al. were the first to use DHEA
supplementation in women with DOR to improve the
response to ovarian stimulation (12). Many researchers
have devoted their attention to the effects of DHEA
supplementation in women with DOR. Narkwichean
et al. conducted a meta-analysis that showed that
DHEA administration resulted in a significant increase
in the number of oocytes retrieved in women with
DOR according to some clinical trials. However, more
clinical trials must be performed to verify the results
(13). In ovariectomized sheep, DHEA supplementation
was effective at in vivo ovarian folliculogenesis (14).
Similar results have been observed with Wistar rats
in an in vivo model (15). However, the underlying
mechanism by which DHEA improves ovarian reserve
remains unclear. DHEA can regulate immune cell
function (16), and it may regulate the function of
many different types of tissue in mammals. Utilizing a
human subcutaneous preadipocyte cell line, Chub-S7,
McNeils et al. found that DHEA inhibition of the
amplification of glucocorticoid action was mediated by
11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1)
(17). Lazaridis et al. performed an in vitro study that
showed that DHEA also served as a neurosteroid,
directly interacting with nerve growth factor (NGF) to
prevent neuronal apoptosis (18). In ovariectomized rats,
DHEA showed the potential to correct oxidative stressinduced endothelial dysfunction (19). Thus, DHEA
may play an important role in regulating the immune
response in the ovaries. DHEA treatment may also
modulate the lymphocyte response in both human and
animal trials (20,21). The current review mainly focuses
on how DHEA supplementation affects regulation of
the immune response in the ovaries.
2. DHEA supplementation has proven effective in
women
DHEA (5-androsten-3β-ol-17-one) is a C19 androgenic
steroid (Figure 1) that is secreted primarily by the
adrenal zona reticularis. DHEA is synthesized by the
steroidogenic enzyme P450c17 and partly by the ovary
(22). The secretion of DHEA has a diurnal rhythm
similar to that of cortisol (23,24). In humans, the intraindividual concentrations of DHEA and its sulphate,
DHEAS, steadily decline with advancing age, unlike
those of other androgenic steroids. The concentration
peaks during the third decade of life, with a clear sex

Figure 1. Chemical structure of DHEA.

difference since adult women have lower concentrations
of DHEA than men (25-27). Given this characteristic of
age-related decline, DHEA supplementation may help
to improve age-related damage in human beings. To
date, no studies have noted an apparent effect of DHEA
in healthy males (28). Some double-blind placebocontrolled trials have demonstrated that DHEA does not
markedly improve well-being or cognitive function in
healthy elderly men and women over age 50 (28,29).
However, DHEA was found to modulate immune
function in postmenopausal women (30). DHEA is also
reported to affect cardiovascular and immunological
function differently in women and men (31).
2.1. The effects of DHEA supplementation in women
with DOR
There are no set criteria for DOR thus far, but women
with DOR share a poor ovarian response to stimulation
as well as high cancellation rates and low pregnancy
rates. A poor ovarian response in a previous IVFembryo transfer (ET) cycle means that fewer oocytes
were retrieved or that these oocytes were less mature
follicles after high-dose gonadotropin stimulation.
Different researchers have defined this process
differently. Many studies have investigated the effects
of DHEA supplementation on ovarian function. Twelve
of those studies were analyzed in the current study (see
Table 1). DHEA supplementation is usually oral and
administered at 25 mg, three times a day, or 75-90 mg
for the entire day, for 6 to 24 weeks. A previous casecontrol study showed that DHEA improved ovarian
reserve and that it significantly increased antral follicle
counts (AFCs), anti-Müllerian hormone (AMH) levels
(32-34), numbers of fertilized oocytes, normal day 3
embryos, embryos transferred, and the average embryo
score per oocyte (35) while significantly decreasing day
3 follicle-stimulating hormone (FSH) (33), fertilized
aneuploid embryos (36), and miscarriage rates (37) (all
p-values < 0.05). Estradiol (E2) levels tripled according
to two studies (12,38) but decreased according to a third
(34). Several randomized prospective controlled studies
investigated the effects of DHEA supplementation
but their results were inconsistent. Some researchers
obtained the same results as described earlier (34,3840), but the number of oocytes retrieved and the
fertilization rate remained inconsistent (38,40,41),
whereas others failed to show that DHEA was effective
at improving IVF outcomes (40,41). These studies,
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Poor ovarian response in previous
IVF-ET cycles (high-dose
gonadotropin stimulation: < 5
oocytes retrieved, ≤ 3 follicles of
16 mm or larger each on the day of
cycle cancellation, serum E2 level
< 500 pg/mL on the day of hCG
administration)

AFC < 5 or AMH < 1.1 ng/mL and
a previous poor ovarian response

Weissman
et al.
(89)

Yilmaz
et al.
(33)

41 women (age ≤ 40 years) with
DOR were divided into two groups:
age < 35 or ≥ 35

280 women (mean age 30.97 ±
5.76 years) were divided randomly
into two groups: 104 women in the
DHEA group and 104 women in the
control group

Case-sectional
study

15 women with DOR

120 women with DOR

22 consecutive patients with DOR

25 women with DOR and repeated
IVF failure

5 women with unexplained infertility
(under age 41, FSH < 20 mIU/mL)

Study object

Case-control
study

Retrospective
cross-sectional
and longitudinal
analysis

1:2 matched case
control study

Case-control
study

Case-control
study

A series of case
studies

Study type

Oral, three times a day prior to
assisted reproductive technology
for at least 6 weeks

Oral, once a day during the
follicular phase in IVF

Oral, three times a day, for 73 ±
27 days

Oral, three times a day, for at
least 4 weeks

Oral, three times a day

Oral, three times a day, for 17 ±
2.13 weeks

Oral, twice a day for 2 months,
prior to IUI

Route of medication

Methods

25 mg

75 mg

25 mg

25 mg

25 mg

25 mg

80 mg

Dose

DHEA administration during
IVF cycles in women with DOR
causes a significant elevation of
progesterone levels without an
apparent deleterious effect on
cycle outcome
DHEA supplementation is an
effective option for patients
with DOR as an alternative to
oocyte donation prior to assisted
reproduction
Significant differences were
seen in both groups after DHEA
supplementation: ↑ AFC (0.001),
AMH (0.002) and inhibin B
(0.001), ↓ day 3 FSH (0.001)
and estradiol (0.001).

DHEA supplementation
significantly improved ovarian
reserve in parallel with longer
DHEA use and improvement
was more pronounced in
younger women

Beneficial DHEA effects on
DOR patients are the likely
consequence of lower embryo
aneuploidy

Miscarriage rates after DHEA
were not only lower in an
average IVF population but were
comparable with rates reported
in normal fertile populations

Confirms the previously
reported beneficial effects of
DHEA supplementation on
ovarian function in women with
DOR

It improves the response to
ovarian stimulation after
controlling for gonadotropin
dose

Conclusion

↑ progesterone on day 5
of stimulation (< 0.0001);
increased progesterone on the
day of hCG administration (<
0.0001); Similar number of
retrieved and fertilized oocytes

↑ AMH concentrations (=
0.002) and women age < 38
responded more than women
who were older. AMH improved
pregnancy rates longitudinally
by 60% (< 0.0002), and IVF, by
23.64%, compared with those
not treated (= 0.001)

↓ number (= 0.029) and
percentage (< 0.001) of
aneuploid embryos

↓ miscarriage rate at all ages, but
most pronounced above age 35

↑ fertilized oocytes (< 0.001),
normal day3 embryos (< 0.001),
embryos transferred (0.005)
and average embryo score per
oocyte (< 0.001)

↑ DHEAs, testosterone,
responsiveness, peak E2, and
E2/ampoule ratio (0.012). One
achieved twin pregnancy. The
E2 level tripled in all five cases.
The number of oocytes doubled

Result (P value)

(Table continued on next page)

Abbreviations: ↑, increased; ↓, decreased; DHEA, dehydroepiandrosterone; DOR, diminished ovarian reserve; POR, poor ovarian reserve; E2, estradiol; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone;
LH, luteinizing hormone; IVF, in vitro fertilization; IUI, intrauterine insemination; IVF-ET, in vitro fertilization-embryo transfer; AFC, antral follicle count; POI, premature ovarian insufficiency; IVF-ICSI, in vitro
fertilization-intracytoplasmic sperm injection; BMP-15, bone morphogenetic protein-15.

AMH concentrations were
evaluated as a reflection of ovarian
reserve

FSH > 10 mIU/ml or E2 > 75 pq/
mL (275.3 pmol/L)

Gleicher
et al.
(37)

Gleicher
et al.
(32)

FSH > 10 mIU/mL or E2 >75 pq/
mL (275.3 pmol/L)

Barad
et al.
(35)

abnormally elevated age-specific
baseline FSH or abnormally low
age-specific AMH

Poor response to high-dose
gonadotropin stimulation (peak E2
< 500 pg/mL and mature follicle ≤
2)

Casson
et al.
(12)

Gleicher
et al.
(36)

Definition of DOR

Ref.

Table 1. Eﬃcacy of DHEA supplementation prior to IVF cycle
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Out of the normal range: (1) Day 3
FSH < 10 IU/L; (2) AMH:2.8~6.8
ng/L; (3) inhibin > 45 pg/mL

Tartagni
et al.
(39)
109 infertile patients (ages 36-40 and
failed in the first IVF cycle) were
divided into 2 groups: (1) DHEA
group and (2) control group.

10 women with POR

29 women with DOR or a poor
response in a prior IVF cycle

95 women with DOR were divided
randomly into two groups: 42 in the
DHEA group and 53 in the control
group.

280 women (mean age 30.97 ±
5.76 years) were divided randomly
into two groups: 104 women in the
DHEA group and 104 women in the
control group

Study object

75 mg

30 mg

Oral, three times a day prior to
next IVF cycle for 3 months
(mean: 12.2 weeks)

Oral, once a day, from 8 weeks
before next IVF cycle

75 mg

75 mg

75 mg

Dose

Oral, once a day for 8 weeks
before stimulation with FSH in
IVF cycle.

Oral, once a day for 3
consecutive menstrual cycles
before entering IVF cycle

Oral, once a day prior to IVFICSI

Route of medication

Methods

Significantly higher live birth
rate (< 0.05) in the DHEA
group and significantly higher
miscarriage rate in the control
group (< 0.05).

Significant increase in AFC (<
0.05), AMH (< 0.001), numbers
of retrieved oocytes (< 0.01),
fertilized oocytes (< 0.001),
day 3 embryos (< 0.001), and
transferred embryos (< 0.01).
Significant decrease in Day 3
FSH and E2 (both < 0.001)

Significant increase in the
number of the retrieved oocytes
(< 0.01) and the oocyte quality
(0.002). Significant decrease in
cancelled IVF cycles (0.003)

The DHEA group had a
significant increase in the serum
level of AMH (0.015), FSH
(0.036) and E2 (0.002), BMP15 in follicular fluid samples
(0.000), and the accumulated
score of embryos (0.033)

The number of oocytes retrieved
and the fertilization rate are
slightly higher in the study
group. The pregnancy rate is
higher in the control group. No
significant difference can be
observed

Result (P value)

DHEA may significantly
improve IVF outcomes in
infertile women with advanced
reproductive age and normal
ovarian reserve.

The potential benefits of DHEA
supplementation in women
with POR were suggested by
biochemical parameters and IVF
outcomes.

Confirmed the beneficial effect
of DHEA in patients who
were poor responders to IVF
treatments. DHEA appears to be
an effective treatment for age
related sub-fertility.

Confirms the beneficial effect
of DHEA for infertility patients
with DOR

Failed to show that DHEA
supplementation enhances IVFICSI outcomes in women with
poor ovarian reserve

Conclusion

(Table continued)

Abbreviations: ↑, increased; ↓, decreased; DHEA, dehydroepiandrosterone; DOR, diminished ovarian reserve; POR, poor ovarian reserve; E2, estradiol; AMH, anti-Müllerian hormone; FSH, follicle stimulating hormone;
LH, luteinizing hormone; IVF, in vitro fertilization; IUI, intrauterine insemination; IVF-ET, in vitro fertilization-embryo transfer; AFC, antral follicle count; POI, premature ovarian insufficiency; IVF-ICSI, in vitro
fertilization-intracytoplasmic sperm injection; BMP-15, bone morphogenetic protein-15.

Double blind,
randomized,
p l a c e b o controlled study

Prospective
study

POR: Individuals to whom the
following apply: (1) FSH > 15
nIU/L or AMH < 1 ng/mL; (2)
abnormally low AFC < 4 on day2
of their menstrual cycle; (3) an
unsuccessful flexible daily GnRH
antagonist in the first IVF cycle

Randomized,
prospective
controlled study

Tsui
et al.
(34)

Fulfills any of the following: (1)
day 3 FSH level ≥ 10 nIU/L or
FSH/LH > 3:2; (2) AFC < 5; or (3)
a previous poor ovarian response
to ovarian stimulation: retrieval of
fewer than five oocytes or cycle
cancellation due to poor response
to ovarian stimulation

Zhang
et al.
(38)

Randomized,
prospective
controlled study

Experimental
prospective, prepost study

POR: serum AMH < 1 ng/mL or
serum FSH > 15 IU/L and AFC <
4 on day 2 of the menstrual cycle.

Kara
et al.
(41)

Study type

Poli
et al.
(40)

Definition of DOR

Ref.

Table 1. Eﬃcacy of DHEA supplementation prior to IVF cycle
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however, cannot be compared statistically since there
were no set criteria to define DOR. Usually, DOR was
defined as abnormally elevated age-specific baseline
FSH levels and/or abnormally low AMH levels (42-44),
elevated inhibin-B levels, and AFCs less than 4 to 5
(33,34,38,41).

Table 2. Types of autoimmune abnormalities

Anti-phospholipid
antibody

lupus anticoagulant, anti-phosphatidylserine,
anti-cardiolipin, β2-glycoprotein (IgG, IgM,
IgA)

2.2. Immune function of DHEA

Anti-thyroid antibodies

anti-thyroglobulin, anti-thyroid peroxidase

Anti-adrenal antibodies

anti-21-hydroxylase

Anti-ovarian antibodies

non-speciﬁc

Total immunoglobulins

IgG, IgM, IgA, IgE

Use of DHEA has been described in many areas and
is mainly considered because of its immunoregulatory
function. DHEA has an effect on human neuroendocrine
cells and plays an important role in immune regulation,
especially by balancing pro-inflammatory and antiinflammatory signals. Humans develop inflammation
with age, which involves the up-regulation of certain
pro-inflammatory cytokines, such as interleukin (IL)-1,
IL-6, tumor necrosis factor (TNF)-α, IL-12, interferon
(IFN)-α, and IFN-β. In old age, these cytokines
negatively impact various systems in the body (4547). This leads to an unbalanced relationship between
pro-inflammatory cytokines and anti-inflammatory
cytokines (IL-4, IL-6, IL-13, IL-10) (48). DHEA is
part of the hypothalamus-pituitary-adrenal (HPA) axis.
When the HPA axis is activated, both cortisol and
DHEA are released. Cortisol has an anti-inflammatory
effect, whereas DHEA appears to have an opposing
effect. As DHEA levels decline with age, the molar
ratio of cortisol to DHEAS increases and may interact
with weakened immune function (49,50). Elderly
bereaved participants showed decreased production of
neutrophil reactive oxygen species and an increased
cortisol to DHEAS ratio (10). DHEA supplementation
has a positive effect on immunity in the elderly.
Treatment with 20 mg/kg DHEA for 8 weeks reversed
antioxidant parameters, such as decreased superoxide
dismutase activity in the brain and heart, decreased
inducible nitric oxide synthase mRNA levels, and
increased heme oxygenase mRNA levels, in aged rats
(51). Buoso et al. found that cortisol acted in a doserelated manner in vitro and in vivo on human guanine
nucleotide binding protein and the beta polypeptide 2
like 1 (GNB2 L1) promoter repressor, which reduced
receptor for Activated C Kinase 1(RACK-1) mRNA
and protein expression. Prolonged DHEA exposure
counteracted the effects of cortisol and restored RACK1 levels and cytokine production (assessed with
lipopolysaccharide (LPS)-induced TNF-α release);
this most likely occurred as a result of interfering with
glucocorticoid receptor binding to the glucocorticoid
responsive element (GRE) sequence (52). Furthermore,
DHEA supplementation has been proven to be effective
in treating other diseases and improving organ function
and survival. However, these mechanisms are not yet
fully understood. Over the past few years, an increasing
number of researchers have turned their attention to
the effects of DHEA on regulation of the immune

Type of auto-antibody

Containing

Antinuclear antibody

_

response, but these effects have been produced in nonhuman mammals. In aged baboons, researchers found
increased serum C-reactive protein and increased
cytokine release from unstimulated peripheral blood
mononuclear cells. Supplementary DHEA improved
outcomes in a murine polymicrobial sepsis and trauma
model by restoring TNF-α in the liver and lungs after
48 hours and attenuating it in the liver after 96 hours,
much like a time- and organ-dependent modulator
(53). DHEA supplementation also leads to a restoration
of splenocyte proliferation, a decrease in the rate of
cellular apoptosis of splenocytes, and an attenuation
of increased IL-6 levels (54). DHEA also restored
peripheral blood mononuclear cell (PBMC) function
and increased the ability of human PBMCs patients
with depressed immune function to release proinflammatory cytokines (IL-1β, IL-6, and TNF-α)
following major abdominal surgery (55).
3. DHEA and the immune response in the ovaries
The level of the immune response in the ovaries
changes with age along with the ovarian reserve. There
is substantial interaction between the immune system
and the ovaries as immune cells are associated with
regulation at every level of the hypothalamus-pituitaryovarian axis by regulating growth and regression of
both follicles and the corpus luteum (56-58). In adult
ovaries, activated myeloid dendritic cells (MDC) also
play a role in follicular development and atresia, as
well as differentiation of the corpus luteum. MDC and
T cells massively infiltrate the corpus luteum, resulting
in parenchymal and vascular regression, which then
leads to the demise of the corpus luteum (59). DHEA
improves the ovarian reserve of women with agerelated DOR women with POI even though POI is
more closely related to ovarian immune disorders.
Young women who have a history or family history
of autoimmunity are at risk for POI (60,61). There are
many types of autoimmune abnormalities (Table 2).
There are three different types of autoimmune ovarian
insufficiency: autoimmune ovarian insufficiency
associated with adrenal autoimmunity, autoimmune
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Figure 2. Path for conversion of DHEA to other downstream steroids. Abbreviations: DHEA, dehydroepiandrosterone; DHEAS,
dehydroepiandrosterone sulphate; HSD17B,17β-hydroxysteroid dehydrogenase isoenzymes; HSD3B, 3β-hydrogenase isoenzymes;
CYP19A1, P450 aromatase; SRD5A, 5α-reductase isoenzymes; AKR1C, 3α-hydroxysteroid dehydrogenase isoenzymes.

ovarian insufficiency associated with non-adrenal
autoimmunity, and isolated idiopathic POI (iPOI) (62);
adrenal autoimmunity is the most prevalent (2,63).
Researchers tested for triple CGG repeats on both
alleles of the fragile X mental retardation 1 (FMR1)
gene and assessed autoimmune status (including
an antiphospholipid antibody panel, an antinuclear
antibody panel, total immunoglobulin levels, thyroid
antibodies, and antiadrenal antibodies), and then they
found that abnormal autoimmune function, including
expansions in triple CGG repeats on the FMR1 gene,
increased the risk for POI (64,65).
Although the effects of DHEA supplementation
in women with DOR are readily evident, the
mechanism behind these effects remains unclear.
Given the complex immune function of DHEA and
ovarian immune disorders in women with DOR, some
researchers have begun to explore the immune function
of DHEA in women with DOR. However, the research
reports to date on this topic are extremely limited. Only
a few studies have been conducted and their results are
summarized below.
3.1. Conversion to other steroids
No certain specific receptor for DHEA has been found
to date, and some theories suggest that DHEA may
function once steroidogenic enzymes convert it to
other downstream steroids, especially sex steroids such
as estrone and androgens (Figure 2). Small structural
changes in androgens result in markedly different
biological effects. Steroidogenic enzymes have tissuespecific patterns of expression; thus, DHEA may have
a special function. These steroids interact critically
with immune function. Estrone can shift the female
immune system to a Th2-type response in the luteal
phase, whereas postmenopausal women often exhibit
enhanced Th1 cytokines (66). As mentioned previously,

DHEA can restore PBMC function and increase the
ability of human PBMCs to release pro-inflammatory
cytokines after surgery via the estrogen receptor; this
immunomodulatory effect of DHEA appears to be
connected to estrogen receptors (55). Although total
androgen concentrations were not associated with
pregnancy during DHEA supplementation in women
with POI, interaction between DHEA and total and free
testosterone also significantly affected pregnancy rates
at the start of an IVF cycle (67). Total testosterone is
significantly lower in women with POI or abnormal
FMR1 genotypes (68). The efficiency of androgen
conversion from DHEA to testosterone and the
amplitude of testosterone gain are related to pregnancy
rates. Conversion is usually more pronounced in young
women and women with selected FMR1 genotypes/
subgenotypes (69). DHEA and testosterone also
suppressed canavalin A (Con A)-induced proliferation
of thymocytes in vitro, and DHEA is less potent than
testosterone, which means that the balance between
the two steroids can alter immune homeostasis (70).
Testosterone and estradiol levels vary widely after
DHEA administration, and the testosterone to estradiol
ratio increased significantly in seven healthy nonobese
postmenopausal women (71).
When steroidogenic enzymes convert DHEA to
other steroids, those enzymes have a substantial effect
on the immune response. Although women with POI
have a poor ovarian follicle pool compared to healthy
fertile women, women with POI and steroidogenic cell
autoimmunity (SCA-POI), which involves circulating
autoantibodies directed against steroidogenic enzymes
such as 21-α-hydroxylase, 17-β-hydroxylase, and
side-chain cleavage enzyme (P450sccAb) (72-76),
have a better ovarian reserve than women with iPOI
and postmenopausal women. Steroid sulphatase is
controlled by an x-linked gene. Women have twice
the amount of steroid sulphatase in macrophages. The
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macrophages enter peripheral lymphoid organs through
afferent lymphatic drainage (77,78). IL-4, which is
a typical Th2 cytokine, increases the expression of
3-beta-hydroxysteroid dehydrogenase type 2 (HSD3B2)
mRNA, and thus may lead to the increased production
of estrogen from DHEA (79).
3.2. Balance of the Th1 and Th2 immune response
Cytokines have an extremely important place in the
immune response. They can influence communication
between T cells, macrophages, and other immune cells.
Numerous studies in mice and humans have deduced
the presence of T helper (Th) cells based on the profile
of cytokine secretion. The Th1-type immune response
is thought to be associated with IgG2a production,
which is driven by cytokines such as IFN-γ, IL-2,
TNF-α, and IL-12, whereas the Th2-type immune
response involves IgE production driven by specific
cytokines (IL-4, IL-5, IL-10, and IL-13) (80,81).
DHEA restores the cell-mediated immune response of
pro-inflammatory cytokines (IL-1, IL-6, TNF-α, and
IL-18). Mice treated with DHEA exhibited increased
production of cytokines such as serum TNF-α, IL-6, IL12p70, and IFN-γ (82,83). DHEA supplementation also
increases vascular cell adhesion molecule 1 (VCAM-1)
and intercellular cell adhesion molecule 1 (ICAM-1) in
the granulosa cell layer of cysts and the theca cell layer
of all follicles and cysts when DHEA androgenization
induces the formation of cysts (83). DHEA may
improve ovarian function in women with poor ovarian
response by activating anti-apoptotic processes in
cumulus cells. These processes most likely involve the
upregulation of genes related to extracellular matrix
(ECM) formation and downregulating genes related
to cell development, differentiation, and apoptosis
(84). In other areas, DHEA supplementation has been
reported to have an effect on regulation of the Th1/Th2
response. In ovalbumin-sensitized asthmatic female
mice, Th2-associated cytokines and chemokines were
inhibited after DHEA administration, which led to
hyper-responsiveness (85). DHEA decreased the release
of anti-inflammatory cytokines (IL-2 and IL-10, which
are also Th2-associated cytokines) and it reduced the
expression of the activation marker CD69 on CD4+
T cells (20). All of these effects may bring about an
enhanced Th1 response and a weakened Th2 response
and lead to a new balance in the Th1/Th2 response.
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glutathione (GSH) (86). Burdick et al. conducted a
study and found that oral administration of DHEAs in
young pigs increased in vitro lymphocyte proliferation
following immunization and that it increased the in
vivo response of immunization against keyhole limpet
haemocyanin (KLH), thus increasing the neutrophil
to lymphocyte ratio and increasing the concentration
of IgG (21). DHEA effects opposite those of cortisol;
thus, the cortisol to DHEA ratio may influence the
differentiation of T cells. Extrathymic (DP) CD4+/
CD8+ T cells positively correlated with circulating
levels of TNF-α and with the cortisol/DHEAs ratio (87).
Flow cytometry showed that DHEA treatment in mice
significantly increased the CD4+ lymphocyte population
and decreased the CD8+ lymphocyte population, thus
modulating the CD4+/CD8+ lymphocyte balance in both
ovarian tissue and retroperitoneal lymph nodes (82). This
may be due to the selective T lymphocyte infiltration of
ovarian tissue (88).
4. Conclusion
DHEA attenuates diminished ovarian reserve and helps
to obtain better results in IVF cycles. DHEA may
modulate ovarian immunity through its conversion
to other downstream steroids, by balancing the Th1/
Th2 immune response, or by modulating the types and
behavior of T lymphocytes. The mechanism underlying
the immune effects of DHEA on ovarian tissue needs to
be studied further.
Acknowledgements
This work was supported by the National Natural
Science Foundation of China (Grant No. 31571196; L
Wang; Grant No. 81401171; X-M Qiu), the Shanghai
Municipal Science and Technology Commission (2015
Science and Technology Project to Guide Medicine
Project No. 15401932200; L Wang), the FY2008 JSPS
Postdoctoral Fellowship for Foreign Researchers
(P08471; L Wang), the National Natural Science
Foundation of China (Grant No. 30801502; L Wang),
the Shanghai Pujiang Program (No.11PJ1401900;
L Wang), the Program for Outstanding Leaders in
Medicine (D-J Li), and the Development Project of
Shanghai Peak Disciplines-Integrated Chinese and
Western Medicine.
References

3.3. Balance between CD4+/CD8+ T cells
1.

DHEA also improves immune function by regulating
the proliferation of and balance between different types
of lymphocytes. During the culturing of T lymphocytes
from BALB/c mice in vitro, DHEA did not change the
viability of T lymphocytes, but it did increase oxidative
stress by reducing antioxidant molecules, such as

2.

Monniaux D, Clement F, Dalbies-Tran R, Estienne A,
Fabre S, Mansanet C, Monget P. The ovarian reserve of
primordial follicles and the dynamic reserve of antral
growing follicles: What is the link? Biol Reprod. 2014;
90:85.
Silva CA, Yamakami LY, Aikawa NE, Araujo DB,
Carvalho JF, Bonfa E. Autoimmune primary ovarian
insufficiency. Autoimmun Rev. 2014; 13:427-430.

www.biosciencetrends.com

357
3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

BioScience Trends. 2015; 9(6):350-359.
Gurtcheff SE, Klein NA. Diminished ovarian reserve
and Infertility. Clinical obstetrics and genecology. 2011;
54:666-674.
Ubaldi FM, Rienzi L, Ferrero S, Baroni E, Sapienza F,
Cobellis L, Greco E. Management of poor responders in
IVF. Reprod Biomed Online. 2005; 10:235-246.
Karande VC. Managing and predicting low response to
standard in vitro fertilization therapy: A review of the
options. Treat Endocrinol. 2003; 2:257-272.
Loutradis D, Vomvolaki E, Drakakis P. Poor responder
protocols for in-vitro fertilization: Options and results.
Curr Opin Obstet Gynecol. 2008; 20:374-378.
Caglar Aytac P, Kilicdag EB, Haydardedeoglu B, Simsek
E, Cok T, Parlakgumus HA. Can calcium ionophore
"use" in patients with diminished ovarian reserve
increase fertilization and pregnancy rates? A randomized,
controlled study. Fertil Steril. 2015; 104:1168-1174.
Mannic T, Viguie J, Rossier MF. In vivo and in vitro
evidences of dehydroepiandrosterone protective role on
the cardiovascular system. Int J Endocrinol Metab. 2015;
13:e24660.
Wang L, Hao Q, Wang YD, Wang WJ, Li DJ. Protective
effects of dehydroepiandrosterone on atherosclerosis in
ovariectomized rabbits via alleviating inﬂammatory injury
in endothelial cells. Atherosclerosis. 2011; 214:47-57.
Vitlic A, Khanfer R, Lord JM, Carroll D, Phillips
AC. Bereavement reduces neutrophil oxidative
burst only in older adults: Role of the HPA axis and
immunesenescence. Immun Ageing. 2014; 11:13.
Starka L, Duskova M, Hill M. Dehydroepiandrosterone:
A neuroactive steroid. J Steroid Biochem Mol Biol.
2015; 145:254-260.
Casson PR, Lindsay MS, pisarska MD, Carson SA,
Buster JE. Dehydroepiandrosterone supplementation
augments ovarian stimulation in poor responders: A case
series. Hum Reprod. 2000; 15:2129-2132.
Narkwichean A, Maalouf W, Campbell BK, jayaprakasan
K. Efficacy of dehydroepiandrosterone to improve
ovarian response in women with diminished ovarian
reserve: A meta-analysis. Reprod Biol Endocrinol. 2013;
11:44.
Narkwichean A, Jayaprakasan K, Maalouf WE,
Hernandez-Medrano JH, Pincott-Allen C, Campbell
BK. Effects of dehydroepiandrosterone on in vivo ovine
follicular development. Hum Reprod. 2014; 29:146-154.
Hassa H, Aydin Y, Ozatik O, Erol K, Ozatik Y. Effects of
dehydroepiandrosterone (DHEA) on follicular dynamics
in a diminished ovarian reserve in vivo model. Syst Biol
Reprod Med. 2015; 61:117-121.
Hazeldine J, Arlt W, Lord JM. Dehydroepiandrosterone
as a regulator of immune cell function. J Steroid
Biochem Mol Biol. 2010; 120:127-136.
McNelis JC, Manolopoulos KN, Gathercole LL,
Bujalska IJ, Stewart PM, Tomlinson JW, Arlt W.
Dehydroepiandrosterone exerts antiglucocorticoid action
on human preadipocyte proliferation, differentiation, and
glucose uptake. Am J Physiol Endocrinol Metab. 2013;
305:E1134-1144.
Lazaridis I, Charalampopoulos I, Alexaki VI,
Av l o n i t i s N , P e d i a d i t a k i s I , E f s t a t h o p o u l o s P,
Calogeropoulou T, Castanas E, Gravanis A. Neurosteroid
dehydroepiandrosterone interacts with nerve growth
factor (NGF) receptors, preventing neuronal apoptosis.
PLoS Biol. 2011; 9:e1001051.
Camporez JP, Akamine EH, Davel AP, Franci CR,

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Rossoni LV, Carvalho CR. Dehydroepiandrosterone
protects against oxidative stress-induced endothelial
dysfunction in ovariectomized rats. J Physiol. 2011;
589:2585-2596.
Pratschke S, von Dossow-Hanfstingl V, Dietz J,
Schneider CP, Tufman A, Albertsmeier M, Winter H,
Angele MK. Dehydroepiandrosterone modulates T-cell
response after major abdominal surgery. J Surg Res.
2014; 189:117-125.
Burdick NC, Dominguez JA, Welsh TH, Jr., Laurenz
JC. Oral administration of dehydroepiandrosteronesulfate (DHEAS) increases in vitro lymphocyte function
and improves in vivo response of pigs to immunization
against keyhole limpet hemocyanin (KLH) and
ovalbumin. Int Immunopharmacol. 2009; 9:1342-1346.
Burger HG. Androgen production in women. Fertil
Steril. 2002; 77 (Suppl 4):S3-S5.
Arlt W. Dehydroepiandrosterone and ageing. Best Pract
Res Clin Endocrinol Metab. 2004; 18:363-380.
Liu CH, Laughlin GA, Fischer UG, Yen SS. Marked
attenuation of ultradian and circadian rhythms of
dehydroepiandrosterone in postmenopausal women:
Evidence for a reduced 17,20-desmolase enzymatic
activity. J Clin Endocrinol Metab. 1990; 71:900-906.
O r e n t r e i c h N , B r i n d J L , R i z e r R L , Vo g e l m a n
J H . A g e c h a n g e s a n d s e x d i ff e r e n c e s i n s e r u m
dehydroepiandrosterone sulfate concentrations
throughout adulthood. J Clin Endocrinol Metab. 1984;
59:551-555.
Palmert MR, Hayden DL, Mansfield MJ, Crigler JF,
Jr., Crowley WF, Jr., Chandler DW, Boepple PA. The
longitudinal study of adrenal maturation during gonadal
suppression: Evidence that adrenarche is a gradual
process. J Clin Endocrinol Metab. 2001; 86:4536-4542.
Reiter EO, Fuldauer VG, Root AW. Secretion of the
adrenal androgen, dehydroepiandrosterone sulfate,
during normal infancy, childhood, and adolescence,
in sick infants, and in children with endocrinologic
abnormalities. J Pediatr. 1977; 90:766-770.
Arlt W, Callies F, Koehler I, Vlijmen JCV, Fassnacht
M, Starsburger CJ, Seibel MJ, Huebler D, Ernst
M, Oettel M, Reincke M, Schulte HM, Allolio B.
Dehydroepiandrosterone supplementation in healthy men
with an age-related decline of dehydroepiandrosterone
secretion. J Clin Endocrinol Metab. 2001; 86:4686-4692.
Grimley Evans J, Malouf R, Huppert F, van Niekerk JK.
Dehydroepiandrosterone (DHEA) supplementation for
cognitive function in healthy elderly people (Review).
Cochrane Database Syst Rev. 2006; 4:CD006221.
Casson PR, Andersen RN, Herrod HG, Stentz
FB, Straughn AB, Abraham GE, Buster JE. Oral
dehydroepiandrosterone in physiologic doses modulates
immune function in postmenopausal women. Am J
Obstet Gynecol. 1993; 169:1536-1539.
Angele MK, Pratschke S, Hubbard WJ, Chaudry IH.
Gender differences in sepsis: Cardiovascular and
immunological aspects. Virulence. 2014; 5:12-19.
Gleicher N, Weghofer A, Barad DH. Improvement in
diminished ovarian reserve after dehydroepiandrosterone
supplementation. Reprod Biomed Online. 2010; 21:360365.
Yilmaz N, Uygur D, Inal H, Gorkem U, Cicek N,
Mollamahmutoglu L. Dehydroepiandrosterone
supplementation improves predictive markers for
diminished ovarian reserve: Serum AMH, inhibin B and

www.biosciencetrends.com

BioScience Trends. 2015; 9(6):350-359.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

antral follicle count. Eur J Obstet Gynecol Reprod Biol.
2013; 169:257-260.
Tsui KH, Lin LT, Chang R, Huang BS, Cheng JT, Wang
PH. Effects of dehydroepiandrosterone supplementation
on women with poor ovarian response: A preliminary
report and review. Taiwan J Obstet Gynecol. 2015;
54:131-136.
Barad D, Gleicher N. Effect of dehydroepiandrosterone
on oocyte and embryo yields, embryo grade and cell
number in IVF. Hum Reprod. 2006; 21:2845-2849.
G l e i c h e r N , We g h o f e r A , B a r a d D H .
Dehydroepiandrosterone (DHEA) reduces embryo
aneuploidy: direct evidence from preimplantation genetic
screening (PGS). Reprod Biol Endocrinol. 2010; 8:140.
Gleicher N, Ryan E, Weghofer A, Blanco-Mejia S, Barad
DH. Miscarriage rates after dehydroepiandrosterone
(DHEA) supplementation in women with diminished
ovarian reserve: A case control study. Reprod Biol
Endocrinol. 2009; 7:108.
Zhang HH, Xu PY, Wu J, Zou WW, Xu XM, Cao XY,
Wei LZ. Dehydroepiandrosterone improves follicular
fluid bone morphogenetic protein-15 and accumulated
embryo score of infertility patients with diminished
ovarian reserve undergoing in vitro fertilization: A
randomized controlled trial. J Ovarian Res. 2014; 7:93.
Tartagni M, Cicinelli MV, Baldini D, Tartagni MV,
Alrasheed H, DeSalvia MA, Loverro G, Montagnani
M. Dehydroepiandrosterone decreases the age-related
decline of the in vitro fertilization outcome in women
younger than 40 years old. Reprod Biol Endocrinol.
2015; 13:18.
Poli E, Manfe S, Capuzzo D, Gava S, Vigano F,
Coronella ML, Gangemi M. DHEA pre-treated patients,
poor responders to a first IVF (ICSI) cycle: Clinical
results. Clin Exp Obstet Gynecol. 2014; 41:5-9.
Kara M, Aydin T, Aran T, Turktekin N, Ozdemir B. Does
dehydroepiandrosterone supplementation really affect
IVF-ICSI outcome in women with poor ovarian reserve?
Eur J Obstet Gynecol Reprod Biol. 2014; 173:63-65.
Barad DH, Weghofer A, Gleicher N. Age-specific levels
for basal follicle-stimulating hormone assessment of
ovarian function. Obstet Gynecol. 2007; 109:1404-1410.
Barad DH, Weghofer A, Gleicher N. Utility of agespecific serum anti-Mullerian hormone concentrations.
Reprod Biomed Online. 2011; 22:284-291.
Fang T, Su Z, Wang L, Yuan P, Li R, Ouyang N, Zheng
L, Wang W. Predictive value of age-specific FSH levels
for IVF-ET outcome in women with normal ovarian
function. Reprod Biol Endocrinol. 2015; 13:63.
McFarlane D, Wolf RF, McDaniel KA, White GL. Ageassociated alteration in innate immune response in
captive baboons. J Gerontol A Biol Sci Med Sci. 2011;
66:1309-1317.
Fagiolo U, Cossarizza A, Scala E, Fanales-Belasio E,
Ortolani C, Cozzi E, Monti D, Franceschi C, Paganelli R.
Increased cytokine production in mononuclear cells of
healthy elderly people. Eur J Immunol. 1993; 23:23752378.
Franceschi C, Monti D, Sansoni P, Cossarizza A. The
immunology of exceptional individuals: The lesson of
centenarians. Immunol Today. 1995; 16:12-16.
Lio D, Scola L, Crivello A, Colonna-Romano G,
Candore G, Bonafe M, Cavallone L, Marchegiani F,
Olivieri F, Franceschi C, Caruso C. Inflammation,
genetics, and longevity: Further studies on the protective

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

358

effects in men of IL-10 -1082 promoter SNP and its
interaction with TNF-alpha -308 promoter SNP. J Med
Genet. 2003; 40:296-299.
Giunta S. Exploring the complex relations between
inflammation and aging (inflamm-aging): Anti-inflammaging remodelling of inflamm-aging, from robustness to
frailty. Inflamm Res. 2008; 57:558-563.
Butcher SK, Killampalli V, Lascelles D, Wang K, Alpar
EK, Lord JM. Raised cortisol:DHEAS ratios in the
elderly after injury: Potential impact upon neutrophil
function and immunity. Aging Cell. 2005; 4:319-324.
Yi n F J , K a n g J , H a n N N , M a H T. E f f e c t o f
dehydroepiandrosterone treatment on hormone levels
and antioxidant parameters in aged rats. Genet Mol Res.
2015; 14:11300-11311.
Buoso E, Lanni C, Molteni E, Rousset F, Corsini
E , R a c c h i M . O p p o s i n g e ff e c t s o f c o r t i s o l a n d
dehydroepiandrosterone on the expression of the
receptor for Activated C Kinase 1: Implications in
immunosenescence. Exp Gerontol. 2011; 46:877-883.
Barkhausen T, Hildebrand F, Krettek C, van Griensven
M. DHEA-dependent and organ-specific regulation of
TNF-α mRNA expression in a murine polymicrobial
sepsis and trauma model. Critical Care. 2009; 13:R114.
Schmitz D, Kobbe P, Wegner A, Hammes F, Oberbeck R.
Dehydroepiandrosterone during sepsis: Does the timing
of administration influence the effectiveness. J Surg Res.
2010; 163:e73-77.
Frantz MC, Prix NJ, Wichmann MW, van den Engel NK,
Hernandez-Richter T, Faist E, Chaudry IH, Jauch K-W,
Angele MK. Dehydroepiandrosterone restores depressed
peripheral blood mononuclear cell function following
major abdominal surgery via the estrogen receptors.
Critical Care Medicine. 2005; 33:1779-1786.
Vinatier D, Dufour P, Tordjeman-Rizzi N, Prolongeau
JF, Depret-Moser S, Monnier JC. Immunological aspects
of ovarian function: Role of the cytokines. Eur J Obstet
Gynecol Reprod Biol. 1995; 63:155-168.
Chryssikopoulos A. The relationship between the
immune and endocrine systems. Ann N Y Acad Sci.
1997; 816:83-93.
Pate JL. Involvement of immune cells in regulation of
ovarian function. J Reprod Fertil Suppl. 1995; 49:365377.
Bukovsky A, Caudle MR, Carson RJ, Gaytán F,
Huleihel M, Kruse A, Schatten H, Telleria CM. Immune
physiology in tissue regeneration and aging, tumor
growth, and regenerative medicine. Aging (Albany NY).
2009; 1:157-181.
Gleicher N, Weghofer A, Barad DH. Cutting edge
assessment of the impact of autoimmunity on female
reproductive success. J Autoimmun. 2012; 38:J74-J80.
C e r v e r a R , B a l a s c h J . B i d i r e c t i o n a l e ff e c t s o n
autoimmunity and reproduction. Hum Reprod Update.
2008; 14:359-366.
Carp HJ, Selmi C, Shoenfeld Y. The autoimmune bases
of infertility and pregnancy loss. J Autoimmun. 2012;
38:J266-274.
Gleicher N, Weghofer A, Kushnir VA, Shohat-Tal A,
Lazzaroni E, Lee HJ, Barad DH. Is androgen production
in association with immune system activation potential
evidence for existence of a functional adrenal/ovarian
autoimmune system in women? Reprod Biol Endocrinol.
2013; 11:58.
Gleicher N, Weghofer A, Oktay K, Barad DH. Is the

www.biosciencetrends.com

359

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

BioScience Trends. 2015; 9(6):350-359.
immunological noise of abnormal autoimmunity an
independent risk factor for premature ovarian aging?
Menopause. 2009; 16:760-764.
Gleicher N, Weghofer A, Barad DH. A pilot study of
premature ovarian senescence: II. Different genotype and
phenotype for genetic and autoimmune etiologies. Fertil
Steril. 2009; 91:1707-1711.
Giron-Gonzalez JA, Moral FJ, Elvira J, Garcia-Gil D,
Guerrero F, Gavilan I, Escobar L. Consistent production
of a higher TH1:TH2 cytokine ratio by stimulated T cells
in men compared with women. Eur J Endocrinol. 2000;
143:31-36.
We g h o f e r A , K i m A , B a r a d D H , G l e i c h e r N .
The impact of androgen metabolism and FMR1
genotypes on pregnancy potential in women with
dehydroepiandrosterone (DHEA) supplementation. Hum
Reprod. 2012; 27:3287-3293.
Gleicher N, Kim A, Weghofer A, Kushnir VA, Shohat-Tal
A, Lazzaroni E, Lee HJ, Barad DH. Hypoandrogenism in
association with diminished functional ovarian reserve.
Hum Reprod. 2013; 28:1084-1091.
Gleicher N, Kim A, Weghofer A, Shohat-Tal A,
Lazzaroni E, Lee HJ, Barad DH. Starting and resulting
testosterone levels after androgen supplementation
determine at all ages in vitro fertilization (IVF)
pregnancy rates in women with diminished ovarian
reserve (DOR). J Assist Reprod Genet. 2013; 30:49-62.
Yao G, Shang XJ. A comparison of modulation
of proliferation of thymocyte by testosterone,
dehydroisoandrosterone and androstenedione in vitro.
Arch Androl. 2005; 51:257-265.
Caufriez A, Leproult R, L'Hermite-Baleriaux M,
Kerkhofs M, Copinschi G. Effects of a 3-week
dehydroepiandrosterone administration on sleep,
sex steroids and multiple 24-h hormonal profiles in
postmenopausal women: A pilot study. Clin Endocrinol
(Oxf). 2013; 79:716-724.
Hoek A, Schoemaker J, Drexhage HA. Premature
ovarian failure and ovarian autoimmunity. Endocr Rev.
1997; 18:107-134.
Bakalov VK, Anasti JN, Calis KA, Vanderhoof VH,
Premkumar A, Chen S, Furmaniak J, Smith BR,
Merino MJ, Nelson LM. Autoimmune oophoritis as a
mechanism of follicular dysfunction in women with
46,XX spontaneous premature ovarian failure. Fertil
Steril. 2005; 84:958-965.
Chen S, Sawicka J, Betterle C, Powell M, Prentice L,
Volpato M, Rees Smith B, Furmaniak J. Autoantibodies
to steroidogenic enzymes in autoimmune polyglandular
syndrome, Addison's disease, and premature ovarian
failure. J Clin Endocrinol Metab. 1996; 81:1871-1876.
Betterle C, Dal Pra C, Mantero F, Zanchetta R.
Autoimmune adrenal insufficiency and autoimmune
polyendocrine syndromes: Autoantibodies, autoantigens,
and their applicability in diagnosis and disease
prediction. Endocr Rev. 2002; 23:327-364.
Falorni A, Laureti S, Candeloro P, Perrino S, Coronella
C, Bizzarro A, Bellastella A, Santeusanio F, De Bellis A.
Steroid-cell autoantibodies are preferentially expressed
in women with premature ovarian failure who have
adrenal autoimmunity. Fertil Steril. 2002; 78:270-279.
Daynes RA, Araneo BA, Dowell TA, Huang K, Dudley D.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Regulation of murine lymphokine production in vivo. III.
The lymphoid tissue microenvironment exerts regulatory
influences over T helper cell function. J Exp Med. 1990;
171:979-996.
Namazi MR. Hypothesis: Paradoxical absence of cellular
immuno-deficiency in X-linked recessive ichthyosis and
its explanation. J Dermatol Sci. 2003; 32:166-167.
Urata Y, Osuga Y, Akiyama I, Nagai M, Izumi G,
Takamura M, Hasegawa A, Harada M, Hirata T, Hirota
Y, Yoshino O, Koga K, Kozuma S. Interleukin-4 and
prostaglandin E2 synergistically up-regulate 3betahydroxysteroid dehydrogenase type 2 in endometrioma
stromal cells. J Clin Endocrinol Metab. 2013; 98:15831590.
Belardelli F. Role of interferons and other cytokines in
the regulation of the immune response. APMIS. 1995;
103:161-179.
Kasakura S. A role for T-helper type 1 and type 2
cytokines in the pathogenesis of various human diseases.
Rinsho Byori. 1998; 46:915-921.
S a n d e r V, L u c h e t t i C G , S o l a n o M E , E l i a E , D i
Girolamo G, Gonzalez C, Motta AB. Role of the N, N'dimethylbiguanide metformin in the treatment of female
prepuberal BALB/c mice hyperandrogenized with
dehydroepiandrosterone. Reproduction. 2006; 131:591602.
Solano ME, Sander VA, Ho H, Motta AB, Arck PC.
Systemic inflammation, cellular influx and up-regulation
of ovarian VCAM-1 expression in a mouse model of
polycystic ovary syndrome (PCOS). J Reprod Immunol.
2011; 92:33-44.
Tsui KH, Lin LT, Horng HC, Chang R, Huang BS,
Cheng JT, Wang PH. Gene expression of cumulus
cells in women with poor ovarian response after
dehydroepiandrosterone supplementation. Taiwan J
Obstet Gynecol. 2014; 53:559-565.
Liou CJ, Huang WC. Dehydroepiandrosterone suppresses
eosinophil infiltration and airway hyperresponsiveness
via modulation of chemokines and Th2 cytokines in
ovalbumin-sensitized mice. J Clin Immunol. 2011;
31:656-665.
S o l a n o M E , S a n d e r V, Wa l d M R , M o t t a A B .
Dehydroepiandrosterone and metformin regulate
proliferation of murine T lymphocytes. Clin Exp
Immunol. 2008; 153:289-296.
Perez AR, Morrot A, Berbert LR, Terra-Granado E,
Savino W. Extrathymic CD4+CD8+ lymphocytes
in Chagas disease: Possible relationship with an
immunoendocrine imbalance. Ann N Y Acad Sci. 2012;
1262:27-36.
Luchetti CG, Solano ME, Sander V, Arcos ML, Gonzalez
C, Di Girolamo G, Chiocchio S, Cremaschi G, Motta
AB. Effects of dehydroepiandrosterone on ovarian
cystogenesis and immune function. J Reprod Immunol.
2004; 64:59-74.
Weissman A, Horowitz E, Ravhon A, Golan A, Levran
D. Dehydroepiandrosterone supplementation increases
baseline follicular phase progesterone levels. Gynecol
Endocrinol. 2011; 27:1014-1017.
(Received November 16, 2015; Revised December 17,
2015; Accepted December 27, 2015)

www.biosciencetrends.com

