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Insufficient progesterone, effect possibly more on immune factors rather than adequate endo-
metrial development, can be an easy remedial cause of infertility by simply supplementing the
luteal phase with either vaginal or intramuscular or oral (dydrogesterone) progesterone. Pro-
gesterone will also help to reduce miscarriage rates when follicle maturing drugs are used for
those with regular menses but follicular maturation defects, or women with recurrent miscar-
riages. One mechanism of action seems to be related to production of an immunomodulatory
protein, the progesterone-induced blocking factor either in the cytoplasm or in the circula-
tion. PIBF inhibits cytotoxicity of natural killer cells. Cancer cells may ‘borrow’ the same mech-

anism to escape NK cell immunosurveillance.

Infertility related to luteal phase
deficiency: diagnosis

The suggestion that a deficiency of progester-
one {P) can causec a miscarriage probably can
be atributed te a publication as early as
1929 (). A lack of progesterone as a cause of
infertility was probably first published in
1949 by Georgianna Jones who coined the
term ‘luteal phase deficiency’ (2).

There is little question that if one blocks P
effect with even one day of 600 mg of the pro-
gesterone receptor (PR) antagonist, mifepri-
stone, that one will most likely cause a
miscarriage (3). However, how important is
insufficient P as a cause of infertility and/or
miscarriage and how effective is P therapy in
obviating these problems is still a highly

debarted subject.
The basic question is even if the corpus

luteum of some women makes less P than
others is a small secretion of P able wo induce
adequate changes in the endometrium to allow
implantation? To answer that question the
treating physician must first find a method to
diagnose a luteal phase deficiency. Early stud-
ies evaluated the serum P level in the mid-
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luteal phase and concluded that the threshold
value must be over 1 ng/ml but probably léss
than 10 ng/ml. Of course, this was the mini-
mal level to establish the appropriate secrerory
changes in the endometrium, which at that
time were criteria established by Noyes er 4/
in 1950 [4. Unforcunately, there have been
many subsequent studies questioning the crite-
ria of the endometrial biopsy established by
Noyes et al as a valid test for detecting

subfertility.
Certainly, if the biopsy is taken in the late

luteal phase and shows early secretory changes,
there appears to be a definite problem. Thus,
a far out-of-phase endometrium would prob-
ably be detected by the less invasive low mid-
luteal phase serum P level. However, what is
needed is a sensitive assay that can predict a P
deficiency as a cause of infertility in a woman
who has an adequate mid-luteal phase serum
P. One of the problems with the study by
Noyes ef /. is that they did not biopsy infer-
tile women, but instead made the assumption
that if a woman has regular menses and has
tubal factor then they probably have normal
luteal phase function. This does not seem to
be a valid assumption since subsequent studies
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found that tubal disease including hydrosalpinges or tubal phi-
mosis can make the endometrium resistant to progesterone as
evidenced by finding lower levels of biomarkers that are nor-
mally found during the ‘window of implantation’ and the
festoration of these putative biomarkers following salpingec-
tomy [5-7]. Furthermore, there is still no answer as to whether
the proper timing for the endometrial biopsy is mid-
luteal phase during the window of implantation or late luteal
phase to allow an accumulation of the progesterone effect on
the endometrium. Also, there was debate about whether an

-abnormality was 1 or 2 or more days out-of-phase to be con-

sidered abnormal. Finally, there was a high rate of discordance
in the interpretation of the exact day of secretory advancement
by experienced pathologists using the criteria of Noyes er al.
All of these issues have led to the endometrial biopsy as a diag-
nostic tool being abandoned by many infertility centers.

Research began around 1988 hoping to find certain molecu-
lar producres that are the result of progesterone interacting with
the PR in the endometrium that are responsible for the endo-
metrial side of embryo receptivity [8]. Many of these studies
evaluated luminal epithelium, which is a layer of specialized
epithelial cells separate from the stroma and glandular epithe-
lium of the endometrium and is considered the primary barrier
to embryo attachment and invasion [9].

MUC! is one of these luminal biomarkers and is a glycopro-
tein extending from the luminal surface (10]. MUCL is consid-
ered a barrier to implantation but disappears at the time of
implantation [11,12]. Other luminal biomarkers studied include
L-selectin ligand [13,34] and trophinin p15].

Many studies have also been conducted concerning o v
B3 integrins (16} A review in 2006 by Achache and Revel
seemed to provide encouragement that this could be a good
biomarker of uterine receptivity [17].

Unfortunately, despite years of investigation not one of these
biomarkers has evolved as an accurate determination of a lack
of progesterone of an endometrium not primed for implanta-
tion. Even o v B3 integrin has been challenged as a molecular
biomarker of inadequate progesterone effect as far back as
1998 [18]. Most recently, a study from one of the most success-
ful in virre fertilization (IVF) centers in the world failed to find
any lowering of success rares following IVF-embryo transfer
(ET) in women found to be negative for ¢ v 33 integrin com-
pared with those where its presence was detected (19} Since
these women were supplemented in the luteal phase with pro-
gesterone and estrogen, it is possible that this supplementation
overcame the o v B3 integrin defect. In other words, possibly
the pregnancy rates would have been lower in those with nega-
tive & v B3 integrins compared with those where it was
detected if luteal phase support was not given.

At one time based on the studies of electron microscopy of
the endometrium, microscopic projections known as pinopodes
were found only during the window of implantation in the rat
uterus [20]. However, unfortunately this phenomenon of devel-
opment and disappearance of pinopodes turned out to be spe-
cific to the rat. In the human, pinopodes develop shortly after

ovulation and persist right into the first trimester of
pregnancy (21},

Several possible conclusions could be reached from a rela-
tively recent study finding that a relatively low level of serum P
at 5 ng/ml was not only associated with normal secretory
changes upon classical histological changes but so were other
markers of endometrial receptivity including endometrial integ-
rins and quantitative reverse transcription—polymerase chain
reaction analysis- for nine putative biochemical endometrial
functional markers [22. What suggested hypotheses may be
derived from this latter study: i) perhaps endometrial develop-
ment is so well organized that even if the corpus luteum is
secreting much less progesterone than the average fertile
woman, except for an exweme low value, the endometrium will
be prepared for implantation on a molecular basis; ii) pethaps
there is no such entity as a luteal phase deficiency where some
women who appear to ovulate and can generate at least a
serum progesterone level of 5 ng/ml will still have an endome-
trium thar will not allow implantation as the cause of infertil-
ity; iii) possibly all women who secrete progesterone sufficiently
10 surpass 2 ng/ml at mid-luteal phase but <5 ng/ml may have
a severe follicular maturation defect and should be treated with
a follicle .maturing drug, for example, clomiphene citrate or
gonadotropins as if they were completely ancvulatory; iv)
those who still consider that a luteal phase deficiency can be a
cause of infertility unrelated to a major follicular matration
defect could argue that though these molecular events are
needed for implantation, we are still not measuring the main
defective factor. New areas of research involve detecting differ-
ences in gene expression during the window of implantation,
for example, HOXA-10 expression [23-25.. One group of inves-
tigators could net find any histologic or biomarker abnormal-
ities with a serum progesterone in the mid-luteal phase of
3 pg/ml but did find gene expression altered [26]. Progesterone
interacting with its receptor has multple effects on the
immune status and the establishment of immune tolerance to
the fetal semi-allograft. This will be discussed in the next sec-
tion; v) the possibility exists that whereas a relatively low level
of progesterone is sufficient to develep an endometrium seruc-
turally sufficient for embryo implantation it is not prepared to
inhibit immune rejection of the fetus because of the need for
more progesterone to interact with the P receptors and pro-
duce an immunomodulatory protein such as the progesterone-
induced blocking factor (PIBF). This will be discussed in the

next section.

There have been many attempts to try to see if diminished PRs
in the endometrium may be the cause of infertility [27-29], This
has been evatuared and there have not been any studies con-
cluding that diminished PRs are the cause of the majority of
women with ‘documented’ tests, especially histology where
luteal phase deficiency is detected (although the accuracy of
these ‘standard’ tests are themselves under scrutiny). However,
the PR regulates implantation, glandular development and
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decidualization through a complex signaling network. There
has been an explosion of riew information in this area especially
using the mouse model. This very complex relationship of the
PR initiating paracrine signaling within the uterine microenvir-
onment during the pre-implantation period, its regulation of
post-implantation support for the developing embryo and the
role of progesterone interaction with its receptor for glandular
development has been superbly summarized by Wetendotf and
DeMayo [20]. Possibly a defect in paracrine signaling of the
Indian Hedgehog gene and the Hedgehog signaling pathway of
the three growth factor ligands (sonic hedgehog, desert hedge-
hog and Indian hedgehog) may be found to play a significant
role in achieving a successful pregnancy. Other paracrine factors
may include COUP-TF11 (nuclear receptor subfamily 2,
group F, number 2), the transcription factor H and 2 which
may be the critical mediator between active progesterone signal-
ing and inhibition of estrogen-induced proliferation of the
endometrium [30]. Other growth factors may include bone mar-
row morphogenetic protein (Bmps) which are activated by.pro-
gesterone and is important in the post-implantation of the
developing embryo. Bmps are growth factors that are part of
the transforming growth factor-beta superfamily (0], There are
just a few of potential new targets for investigation of molecu-
lar markers of progesterone insufficiency [30].

Role of P in allowing immune tolerance to the

fetal semi-allograft: the PIBF

The PIBF is a protein which when detected in serum measures
34 kDa and is a splice vatiant of the parent compound which
measures 90 kDa. The parent compound resides in the nucleus
at a centrosomal position {31). The protein seems to be unique
in that it shows no significant amino acid sequence homology
with any known protein {321,

The full-length protein consists of 757 amino acid residues
and is enceded by PIBF1 cDNA. The 48 kDa N-terminal part
of PIBF is biologically active [32]. Over 25 years ago, data were
presented suggesting that the sensitivity of the immunosuppres-
sive effects of progesterone on natural killer (NK) cell activity
were markedly enhanced in the pregnancy state by demonstrat-
ing the need to increase the progesterone concentration
100-fold to obtain the same suppressive effect on NK cell activ-
ity by non-pregnant versus pregnane lymphocytes [3334).

The use of the PR modulator (mifepristone) abrogated the
immune suppression by a factor secreted by gamma/delta TCR*
and/or CD8" lymphocytes. This suggested that progesterone was
needed to interact with a2 PR on these lymphocytes to activate
them. Thus, activation by progesterone results in the secretion
by these gamma/delta T cells of some immunosuppressive fac-
tor [35-38]. The term coined for this immunosuppressive factor is
the PIBF and it has now been purified and synthesized by
recombinant DNA rechnology [39.40].

Initially, both in vitre and in vivo studies suggested thar the
allogenecic stimulus of the fetal placental unit may be responsible
for a hormone independent upregulation of P receptors in
gamma/delta T cells [3541). The concept was further sarengthened

by the demonstration that the allogeneic stimulus of lymphocyte
immunotherapy can increase PRs on lymphocytes and can
increase PIBF expression {4243). :

Early studies of PIBF predominandy used a less sensitive
immunocytochemistry technique for its detection because the
PIBF antigen had not been purified and only polyclonal anti-
bodies to PIBF could be made. Nevertheless, the PIBF protein
was detected in the luceal phase shortly after presumed implan-
tation [4445). With the development of a sensitive ELISA assay
with the advent of purification of the PIBF protein, PIBF is
detected in most women even in the follicular phase, but
abruptly rises in the luteal phase shortly after ET [46]. Further-
more, very preliminary studies suggest a correlation with higher
levels of PIBF and successful pregnancy (46). Subsequent studies
even found that very high levels of PIBF can be achieved just
by exposure to progesterone without an aflogeneic stimulus
(even in males) (47.48].

One of the main functions of PIBF is to stabilize perforin
granules, that is, inhibit their release from large storage granules
in NK cells, thus abrogacing their cyrotoxiciry (3949]. However,
the PIBF gene mediates several immunological effects of proges-
terone. PIBF has been shown to activate STAT 6 by binding to
a novel IL-4 receptor [s0]. This PIBF effect helps to switch a thy-
mic helper (TH) 1 dominant environment to a TH2 dominant
environment, which results in increased production of IL-3,
-4 and -10 {51}. Studies from over 20 years ago established that a
TH1 dominant environment as opposed to a TH2 dominant
environment was associated with poor fetal outcome [5253]. Sub-
sequent prospective studies confirmed that a synthetic oral pro-
gesterone, dydrogesterone, changes a TH1 cytokine environment
in women with unexplained recurrent miscarriage or preterm
labor to a TH2 type of cytokine dominance [5455). Previous stud-
ies by the same group had found that the cytokine production
by maternal lymphocytes from women with unexplained recur-
rent miscarriage were mostly TH! cytokines ones in contrast to
normal pregnancy where TH2 dominated (56].

Now that a sensitive ELISA assay has been developed it is
hoped that certain threshold serum levels will be found at cer-
tain critical parts in the luteal phase or first wrimester below
which an increased risk of miscarriage or non-conception is
detected. This could determine if adding progesterone or
increasing the dosage can raise the PIBF level over the mini-
mum threshold, and see if this correlates with successful con-
ception or not. The great advantage of a serum test with a
potential rapid assay is that the test can be safely performed in
a conception cycle without jeopardizing the pregnancy as with
endometrial sampling,

As will be discussed subsequently in the oncology section, it
may be the presence of a 34-36 kDa PIBF protein in the cyto-
plasm of the cancer cells that may prove to be even more
important for immune protection. Obviously, this would not
lend itself to testing of a live pregnancy but could possibly be
performed on an abortus.

This section emphasized PIBF because of the authors’ per-
sonal experience. It could turn out that for conception the
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main role of progesterone interacting with endometrial recep-
tors is to influence the HOX-A-10 gene, which helps promote
proliferation of uterine stromal cells [57]. Progesterone may play
a critical role in the secretion of certain chemokines, for exam-
ple, CXC28 and CXCL10 which helps recruit the appropriate
type of NK cells (high-density CD256 known as CD56 bright
but without CD16 (in contrast to peripheral NK cells)), which
may play a critical role in trophoblast invasion [ss]. Progester-
one may also help regulate the galactin-1 gene, which nay be
involved in immune tolerance to the fetal semi-allograft and
increase the proliferation of IL-10 secreting Treg (s9].

The possibility exists that there is a need for higher proges-
terone secretion in some individuals to achieve the desired
immunological effect for successful pregnancy than to achieve
the ideal molecular structure of the endometrium. We are only
in the early stage of hopefully finding accurate methods to
determine if there is inadequacy of immune suppression. This
fact will be taken into account when treatment paradigms for
unexplained infertility or recurrent miscarriage are discussed in
a subsequent section.

There are recent data demonstrating that progesterone can
act rapidly by extranuclear (non-genomic) interaction with
membrane receptors, for example, PR membrane 1 (60). The
membrane receptors are directly coupled to G proteins which
lead to downregulation of adenyl cyclase activity. This interac-
tion can also lead to rapid activation of protein kinases
(MAPK, PI3K AKr and c-Src) particularly by a ligand-
induced interaction between C-krc kinase and the PR [e1].
There are some data to support the concept that progesterone
interacting with PR membrane 1 may suppress in an epigenetic
manner T cell rejection of the fetal semi-allograft (62).

Role of progesterone in inhibiting immune response
against cancer cells

It seems logical to begin the oncology section with a continua-
tion of the discussion of a possible role of progesterone effect-
ing PIBF secretion in allowing cancer cells to avoid immune
surveillance. There are at least two forms of PIBF. One is a
90 kDa molecule thar has a nudlear location in the centro-
some [31]. This is the dominant form present in most rapidly
growing cells as evidenced by western blot analysis using PIBF-
specific antibodies [311. There has been identification of the
exon 1-5 + 17-18 transcript encoding for a 35 kDa protein [31].
The deletion observed in this transcript preserves the open
reading frame for the full-length PIBF protein [31]. Translation
of the wanscript results in a 35 kDa isoform of PIBF contain-
ing the N-terminal 223 and C-terminal 75 amino acids [31].
The PIBF gene has been identified on chromosome 13 in the
vicinity of BRCA1 and BRCA2 mutations which are associated
with increased breast and ovarian cancers [63). Variations in
other centrosome proteins, for example, p53, are also associated
with increased risk of cancer (64 RINA expression analysis has
shown thac centrosomal PIBF is overexpressed in rapidly prolif-
erating cells irrespective of whether they have been found to be
positive or not for PRs [31.

One study showed that all 29 human leukemia cell lines
tested were found to express a considerable amount of mRNA
for PIBF (¢5). Furthermore, 4 of 10 leukemia cells lines tested
by immunocytochemistry were found to express the PIBF pro-
tein [65). Interestingly, adding progesterone to the media upre-
gulated PIBF expression whereas adding the PR antagonist
mifepristone downregulated PIBF expression [6s]. The question
arises as to whether only 4 of 10 human leukemia cell lines did
express the PIBF protein or was the immunocytochemistry
technique using a polyclonal antibody to PIBF too insensitive
to detect the protein secretion by the other 6 cell lines?

Immuncfluorescence microassay demonstrated a 35 kDa form
of PIBF localized to the cytoplasm of tumor cells (31). As previ-
ously mentioned, until very recently it was believed thart the allo-
geneic stimulus of the fetal semi-allograft was needed to induce
P receptors in gamma/delta T cells to allow PIBF expression
after exposure to P [3743]. This led to the hypothesis that the allo-
geneic stimulus of certain tumor antigens may induce PRs in
gamma/delta T cells in the tumor microenvironment leading ro
PIBF expression and subsequent suppression of NK cytolytic
activity and a shift of TH1 to TH2 cytokines similar to the preg-
nancy state [66]. Through the demonstration of marked palliative
effect of PR antagonists for both murine and human cancers
{which will be discussed in a later section), data have provided
support for the hypothesis that similar to the pregnancy state,
PIBF may play a role in allowing cancer cells to escape immune
surveillance [¢7]. A case of acute leukemia and possible lung can-
cer dramatically responding to mifepristone (a PR antagonist)
but without increased levels of PIBF, suggests that it may be the
intracytoplasmic location of PIBF that confers immune protec-
tion [681. This intracytoplasmic presence of PIBF and thus poten-
tial immunoprotection may be present in all rapidly growing
cells, even in tumors in which present techniques have not
detected the presence of PRs [3167.68).

Cancers with known progesterone receptors

As mentioned previously, if it is tue that all rapidly growing
cells, for example, tumor cells, have nuclear PIBF then it serves
to reason that all cancer cells must have PRs [31]. Some tumors
may depend on PRs for continued growth and evasion of
immune surveillance but these proteins are below the limit
which present day antibody techniques can detect. Nevertheless,
mechanisms exist which can make these PRs more sensitive, yet
they may be non-detected because of downregulation by ubig-
uitination or decreased by rapid protein loss by proteasome-
mediated turnover of activated receptors {69]. In some instances,
growth factors can cause a reversible decrease in mRNA expres-
sion [70}. Nevertheless, it may be that for cancers in which the .
PRs are easily detected, these PRs could play an even more piv-
otal role in the continued growth of the cancer.

The biological activity of progesterone is mediated by genomic
pathways through nuclear PRs or by non-genomic pathways
using membrane receptors [60]. There are three isoforms of the
nuclear receptors: PR-A, PR-B and PR-C. The PRs are ligand
activated transcription factor members of the steroid hormone
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receptor subfamily of nuclear receptors. PR B is the full-length
receptor and PR-A is the N-terminal portion of PR-B minus the
first 164 amino acids. [t is important in mammary gland develop-
ment and tumorigenesis [71]. Protein C is an N-terminal
truncated form of PR-A and it plays a role in the onset of labor
by the inhibition of PR function [7273]. PRs function not only as
critical regulators of tanscription but also activate signal
transduction pathways.

Breast cancer

One of the malignancies most associated with the PR is breast
cancer. Yet the role of the PRs has definitely ‘taken a backseat’ to
studying the estrogen receptor (ER) and determining the mecha-
nism of how the ER eventually escapes from endocrine therapy.

An excellent expert review has already been published in this
journal in 2011 concerning PR action and its role in breast
cancer {74]. It would be redundant to elaborate in this review
on the complex potential mechanisms by which the PR may be
involved in cancer cell proliferation since ir has been experdy
reviewed by Daniel ez 4/ [74]. The authors will present only the
summary of the review by Daniel et 2/ For more addirional
informarion and other references the reader may want to read
the excellent review by Daniel ez af. [74].

The authors review that the PR gene is differentially regu-
lated by two independent promoters: homodimers of A:A or B:
B exist along with heterodimers A:B. These dimets can bind
DNA at progesterone response elements and/or by tethering ro
other transcription factors, for example, STATS (signal trans-
ducers and activation of transcription), SPI (specificity protein
I) and activator protein [. Both PRA and PRB exhibit both
ligand-dependent and ligand-independent activity. They make
note that these PR functions are greatly influenced by cross-
talk and input from peptide growth factor-iniciated signal trans-
duction pathways [74].

The authors’ emphasis concerns mechanisms of how the PR
may be involved in breast cancer cell proliferation rather than
the role it may play in avoidance of immune surveillance.
More studies are needed to determine the relative importance
of these two areas in allowing breast cancer progression.

The authors refer to recent studies suggesting that one of the
main mechanisms in involvement of PR in breast cancer cell
growth may be an epigenetic extra nuclear action especially with
the rapid activation of protein kinases (MAPK, PI3K/Akt and
¢-Src} in part by a ligand-induced interaction between PR and
c-Src kinase. The authors make note that this interaction also
involves the estrogen receptor alpha (ERtt) and that treatment
with anti-estrogens  blocked progesterone-induced MAPK
activation [74].

The authors emphasize that similar to other steroid receptors,
the PRs are significantly post-translationally modified by phos-
phorylation, acetylation, sumoylation and ubiquitination. An
example of these complex interactions and modifications is seen
when studying BRCA1. BRCA1 encodes a mainly nuclear pro-
tein with two highly conserved domains:.a Ring domain at
N-terminus and two BRCT muotifs at C-terminus. Several cancer

predisposing mutations have been found within these regions
indicating that BRCAL is critical in suppressing tumor forma-
tion {75). Progesterone has a stimulating role in breast cancer and
BRCA1 was found to inhibit the activity of the ER [7677).
BRCAT1 was also shown to inhibit the activity of the PR [73).

The RING domain of BRCAI shows E2 ubiquitin ligase
activity which is markedly enhanced by heterodimerization
with BARD1 (79.80). Thus, BRCAI counteracts progesterone
action by ubiquitination leading to PR degradation and epige-
netic silencing of target promoters [21]. Therefore, murtarion of
BRCA]1 leads to breast cancer, at least partly related to downre-
gulating the PR. Whether this leads to abnormal cell prolifera-
tion by excess production of growth factors, for example,
kinases, or related to higher intracytoplasmic levels of PIBF
thus inhibiting immune destruction remains to be determined
with further studies. Interestingly, there is also cvidence that
ubiquitination may be involved in BRCA1 inhibiting the func-
tion of ERo {82). Thus, where there is mutation of the nor-
mally protective BRCAL, steroid receptor cells will respond
excessively to estrogen and progesterone (and possibly andro-
gens) which would increase proliferation in surrounding nega-
tive cells besides exposing these cells to the effects of lack of
funcrional BRCA1. Also more PIBF could theoretically be pro-
duced and thus help to avoid immune surveillance especially
but not limited to NK cells. The receptor negative stem cells
would then be primed for initiating tumorigenesis.

ER and PR are important prognostic and predicative bio-
markers in women with breast cancer [83-85]. More than 70%
of breast cancers express ERs and PRs. Patients with hormone
receptor negative disease have a higher risk of mortality com-
pared with those with hormone receptor positive disease [83-85).
Even women with very early breast cancer were found to have
a greater risk of local recurrence if they were ER+ PR- versus
ER+ PR+ (36]. Some data suggest that an early event in breast
cancer development is the finding of a change of the normal
1:1 ratio of PR-A to PR-B ratio with a decrease in PR-B [87.38).
For an interesting insight into the significance of this loss of

Expert commentary

Treatment with progesterone for infertility

There are three main stages of ovulation: developing a mature
follicle, releasing the oocyte from the follicle and steroidogene-
sts by the resulting corpus luteum including progesterone and
estradiol. In an unpublished study of 200 women aged
<35 who were not trying to conceive and were previously fer-
tile, the authors found that over 90% attained an 18-24 mm
average sized diameter for the dominant follicle and the serum
estradiol level was >200 pg/ml.

In 1962, Jones and Poumand published an uncontrolled ser-
ies of 555 private patients and found exclusive use of progester-
one in the luteal phase to be associated with achieving
pregnancies is9]. However, possibly because natural progesterone
was not commercially produced but had to be compounded by
the pharmacies, the use of the commercially produced follicle
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maturing drug, clomiphene citrate, became the popular treat-
ment choice for luteal phase deficiencies as diagnosed by either
low serum progesterone levels or out-of-phase endometrial
biopsies po-91].

In searching the literature the only prospective randomized
controlled study using exclusive progesterone in the luteal phase
for infertility was published by the authors’ group in 1988 [92].
The method of randomization would not be considered ideal
by today’s standards for a number of reasons including the lack
of a placebo control.

Nevertheless, the study compared the use of clomiphene cit-
rate (or human menopausal gonadotropins (hMG) if the post-
coital test was poor related to the anti-esttogen effect of clomi-
phene citrate) versus the exclusive use of progesterone vaginal
suppositoties in the luteal phase. The study group consisted of
women with a minimum of 1 year of infertility with a male
partner with normal semen parameters, bilateral tubal patency
and a normal post-coital test. After enrellment, if they showed
evidence of an unruptured follicle in their initial evaluation of
follicular maturation, they were not included. Only women
with endometrial biopsies performed in the late luteal phase
which dated 2 or more days out-of-phase wete included.

One hundred consecutive women were stratified into two
groups based on their initial cbservation cycle: those who seemed
to make a mature dominant follicle (using the aforementioned
definition described earlier in this section), and those who
showed follicle collapse and secretion of progesterone in the
luteal phase but did not seem to attain a mature follicle based on
serial transvaginal sonography and serum estradiol levels.

Fifty-eight women making a mature follicle were randomized
into treatment with clomiphene citrate or low dosage hMG
{n = 27) or just with vaginal progesterone (n = 31). Only 3 of
27 conceived with follicle maturing drugs and 2 of 3 miscarried
during the first 6 months of therapy. Thus, the live delivery rate
was only 3.7%. By contrast, 24 of 31 women conceived with
luteal phase progesterone supplementacion with only 1 miscar-
riage. The live delivery rate was 74.2% (s3] Inrterestingly,
25 women who failed to conceive during the 6-month study
with follicle maturing drugs during the first 6 months were
switched to just progesterone in the luteal phase, and 16 of
25 conceived within 6 months with only 1 miscarriage [93].

By contrast, with a three-way randomization in 42 women
who did not actain a mature follicle, 7 of 10 conceived with
follicle maturing drugs but there were 4 miscarriages. Combin-
ing follicle maturing drugs in the follicular phase and proges-
wrone in the luteal phase, the same percent achieved a
pregnancy (14 of 20, 70%) but there was only 1 miscarriage.
There were only 3 of 12 conceiving with just progesterone sup-
plementation alone but no miscarriages [93].

If one did not separate the group according to follicle matu-
ration, overall 43.8% achieved a clinical pregnancy with follicle
maturing drugs versus 60.4% with exclusive use of progester-
one. The authors are not aware of any subsequent study that
refutes these data. Nevertheless, even to the present day, the
authors have evaluated thousands of infertility couples and have

found that a high percentage had been previously treated
empirically with follicle maturing drugs by other infertility spe-
ciatists or gynecologists.

As previously mentioned, the endometrial biopsy as per-
formed in the aforementioned study has been criticized as to
its accuracy in diagnosing luteal phase deficiency. This has led
to a treatment philosophy in the infertility practice to empiri-
cally treat women with infertility with regular menses who
seem to make mature follicles, have male partners with normal
semen parameters, normal post-coital tests and bilateral tubal
patency, with progesterone in the luteal phase. This is especially
important in women aged 30 or above or even younger women
with symptoms or signs of endometriosis.

Though, as mentioned, there have been no studies refuting
the aforementioned study published about 30 years ago, there
had been no studies corroborating it cither. The authors
decided to attempt to cotroborate their previous study. How-
ever, with no remuneration, it would be difficult to convince
women to be treated with a placebo for a period of time or
give womnen follicle maturing drugs despite the previous nega-
tive data when using these drugs in the presence of mature fol-
licles. Thus, the authors decided to perform a prospective
observational series of exclusive use of progesterone in the luteal
phase without the use of an endometrial biopsy in women with
a minimum of 1 year of infertility [93).

For 32 women aged <39 with an average length of infertil-
ity of 2.3 years 23 (71.7%) achieved a live pregnancy past
the first trimester within 6 months of progestcrone ther-
apy [93]. Also, of great importance, 26 of the 32 women had
failed to have a successful pregnancy despite being previously
wreated for at feast 3 cycles of follicle stimulation drugs. One
may question how to reconcile these data with previous pub-
lications finding that superovulation with intrauterine insemi-
nation (IUI) results in higher pregnancy rates than IUI
alone [94]. This can be explained by the fact that the afore-
mentioned study of 100 women with regular menses found
42% to release the cocyte before the follicle was mature and
70% conceived within 6 months after using follicle maturing
drugs [52}. In the study by Guzick ez al,, no luteal phase pro-
gesterone was given [94]. They may not have reached the
same conclusions had the IUI only group been given
supplemental progesterone.

Clomiphene citrate and/or letrozole may cause vasomotor
side effects, depression, thin endometria, ovarian cysts, hostile
cervical mucus and muldiple follicles and thus multiple births.
Gonadotropins, though not causing vasomotor symptoms, hos-
tile mucus or thin endometria, have an even greater likelihood
of causing multiple births or persistent ovarian cysts (from
unruptured follicles), but worst of all, they are extremely expen-
sive. Based on these data, the authors would recommend
empirical luteal phase progesterone therapy for infertility in
women with ‘unexplained infertility’ rather than empirical use
of follicle-stimulating drugs, or worse, going to the most expen-
sive of all therapies, IVF. These data suggest that luteal phase
deficiency is common but there is no good method at present
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ta detect it. If the diagnosis is wrong, the treatmenc is without
risk and relatively inexpensive.

There has been a recent randomized controlled study showing
that luteal phase support can increase live birth rates in natural
cycles. Bjuresten e al. prospectively randomized women having
frozen ET in natural cycles to receive luteal phase progesterone
(400 mg twice daily vaginal micronized progesterone from the
time of the ET) (95]. The controls did nat receive any progester-
one. The live birth rate was 30% (65 of 219) for those receiving
progesterone versus 20% (44 of 216) for those not receiving pro-
gesterone {p = 0.0272). There was a non-significant trend for a
higher clinical pregnancy rate in those taking progesterone (32 vs
25%, p = 0.1614). The article did not seem to mention if there
were any criteria of follicular maturation to allow them to per-
form a natural frozen ET versus hormonal replaced cycle. The

study by Bjuresten ez a/. would be even more impressive if it was

clear that all women were required to produce marure follicles
for inclusion. Also, it is not clear whether progesterone was con-
tinued in those achieving a pregnancy who were taking it during
the first trimester or whether those not taking progesterone were
started on it once a positive pregnancy test was achieved [95].

A recent ‘integrated view on the lureal phase: diagnosis
and treatment in subfertility’ in non-assisted reproduction
cycle was published (96). The manuscript was a literature
review of the subject, but not a mera-analysis. In this review
by Sonntag and Ludwig, they stated “Despite the existing
recommendation for rational work-up in subfertility, luteal
phase eva]uation and progestcrone therapy alone is Stin com-
mon in daily practice”. Thus their view, in contrast to the
authors’ suggestion, is that treatment with progesterone in
the luteal phase is not rational. According to the second part
of this statement, perhaps luteal phase support as sole therapy
is common in Germany but not in the USA. Of course, it is
possible that the authors’ experience is biased since maybe
the women previously treated exclusively with progesterone
have had a high pregnancy rates and they are just seeing the
follicle maturing drug failures.

The statement by Sonntag and Ludwig seems to imply that
empirical use of progesterone is being used possibly inappropri-
ately based on ‘old fashioned endometrial biopsies’ [96]. Their
conclusion from evaluating the literature is to ‘use ovarian
stimulation as the first-line therapeutic option in different sub-
sets of patients with sub-fertility including luteal phase defi-
ciency’ [9¢}. Obviously, based on the authors’ positive
experience with progesterone, they do not agree with their con-
clusions, though they do agree that the minority of women
who have luteal phase deficiency but release an cocyte before
the follicle is fully mature should take follicle maturing drugs
(even a small boost of follicle-stimulating hormone (FSH) from
mid- to late follicular phase). One caveat is to recall that in the
authors’ small series though the pregnancy rate was 70% for
those conceiving with follicle maturing drugs in the group not
developing a marture follicle but 4 of 7 miscarried compared
with only 1 of 14 had a miscarriage who also took supplemen-

. tal progesterone [93]. Thus, in the authors’ opinion progesterone

supplementation should be used whenever follicle maturing
drugs are given.

The 2012 article by Sonntag and Ludwig is the latest review
the authors could find on the subject. It did not include their
aforementioned study or the one by Bjuresten et 2/ Thus, the
authors feel justified in summarizing the data from these stud-
ies in the present review [96].

The use of progesterone in the luteal phase for IVF-ET cycles
is almost universal. From discussions with various colleagues,
and from attending lectures, the authors’ impression is that the
majority of healthcare providers in the IVF industry think that
the reason for luteal phase deficiency may be related to depletion
of granulosa-theca cells following follicle aspiration or the use of
gonadotropin-releasing hormone (GnRH) agonist suppressing
luteinizing hormone (LH) with a slow recovery of LH in the
luteal phase. However, it should be noted that Kerin er 4/, in
1981 showed that women having natural cycde IVF-ET did not
have associated luteal phase defects [97). Yet a year prior,
Edwards ez 2/ found a high frequency of luteal phase defects
when follicle stimulation drugs were used to create more fol-
licles 98). Edwards et #/. did not use GnRH agonists or antago-
nists. Thus, it seems likely that the main cause of luteal phase
deficiency in IVF-ET is the controlled ovarian hyperstimulation
{COH) regimen itself with the change in LH and FSH ratios
during the follicular phase and the higher levels of estradiol gen-
erated both in the follicular and the luteal phase.

One could argue that perhaps it is the extreme COH used for
IVE-ET that leads to luteal phase deficiency not the smaller dos-
ages used merely to induce ovulation in anovulatory women or
correct follicular maruration defects. In a quasi-randomized
study, the authors found that 28 of 100 (28%) anovulatory
women treated with hMG had a miscarriage versus 21 of
130 (16%) weated by progesterone vaginal suppositories [99].
This article was published in 1985, and in those days much
smaller dosages of progesterone supplementation (50 mg/day)
were used than at present [99]. In another study of 100 anovula-
tory women that included clomiphene citrate or hMG-
treated women (60% took clomiphene), there was a 6% miscar-
riage rate in those treated with 50 mg/day of vaginal progesterone
in the luteal phase versus 28% in the untreated controls [100].

There has been many studies supporting the use of proges-
terone in the luteal phase for IVF-ET cycles. A recent meta-
analysis of these IVF-ET studies have concluded thar in
875 women {eight studies), there was an increased live birth
rate and clinical birth rate (seven studies) in favor of progester-
one versus placebo or no treatment [101]. There were 15 studies
and 2117 women comparing luteal phase progesterone versus
hCG injection. No difference in pregnancy rates were found
but higher rates of ovarian hyperstimulation syndrome was
found with hCG yon.

The largest part of the meta-analysis evaluated 9839 women
(32 studies) comparing types of progesterone administrarion.
The main results of this comparison did not indicate a differ-
ence of effect except in some subgroup analogs. One subgroup
demonstrated that synthetic progesterone (dydrogesterone)
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showed a significanc benefit over oral micronized progester-
one [101]. Oral micronized progesterone comes in 100 and
200 mg tablets but it is rendered mostly inactive by rapid first
pass in the liver and thus despite good serum levels does not
advance the secretory change of the endometrium effectively
when compared with the intramuscular or vaginal route [102,103].
Also the metabolites of oral progesterone can cause significant
side effects, for example, light headedness, vertigo, drowsiness
and gasuric discomfort. The use of vaginal and/or intramuscular
progesterone after artificial endometrial development by estro-
gen administration has resulted in high live delivered pregnancy
rates following transfer of embryos derived from donated
oocytes or frozen thawed embryos.

As mentioned, endometriosis has been associated with pro-
gesterone resistance [19.2325]. However as far back as 1987, the
authors had shown that infertlity or miscarriage associated
with endometriosis can be corrected by luteal phase progester-
one supplementacion (104). Surgical treatment of endometriosis
is sometimes associated with improved pregnancy rates but it
can also damage oocyte supply and thus further impair fereil-
ity {10s]. Hence, in young women with a clinical history sug-
gesting endometriosis, as long as follicular maturadon is
achicved and there is the absence of any other infertility facror,
they are empirically treated with vaginal progesterone [106].

Progesterone to prevent miscarriage
It has been demonstrated that surgical removal of the ovary
with the corpus luteum of pregnancy prior to 8 weeks without
progesterone supplementation will lead tw miscarriage [107).
Taking a PR antagonist, for example, mifepristone, even 1 day
during early pregnancy can terminate a live fetus [108]. Thus, it
seems logical that some miscarriages may be related w
insufficient progesterone.

Of course, the aforementioned examples were those of the
extreme absence of progesterone. The guestion is whether there

_is some minimum critical level of progesterone that is needed to

maintain a live pregnancy. A study by Yeko et @/ found that
17 of 18 had a miscarriage if the serum progesterone level was
less than 15 ng/ml (iv9). Is the low progesterone the cause of the
miscatriage or is it merely a reflection of a failing early placenta?
If the low progesterone level is the cause of the problem, some of
these pregnancies should be salvaged by aggressive treatment
with progesterone. Indeed, the authors found that if aggressive
progesterone therapy was initiated in the first trimester when the
progesterone was <15 ng/ml 70% did not have a miscarriage [110].
The authors even found that 60% could be salvaged with aggres-
sive progesterone therapy with a serum progesterone level <8 pg/
ml 1], Thus, the authors are under the impression that ac least
some miscatriages may be caused by a corpus luteum of preg-
nancy not making enough progesterone and intervention with
supplemental progesterone can allow a majority to have success-
ful pregnancies. Some of the 30-40% pregnancy losses could
have been from an associated chromosome abnormality, and
some may have indeed been a reflection of a failing early pla-
centa, and thus a pregnancy that was inevitably doomed.

However, in some instances the low progesterone may have
been the cause of the miscarriage but the eventual loss is related to
irreparable damage from cellular immune responses not being ini-
tially suppressed by an adequate amount of progesterone. Thus, it
makes sense for women with a past history of frequent miscarriages
not to watch serum progesterone levels carefully and intervene if
the level drops to a cerrain point, but instead to prophylactically
treat with progesterone from the early to mid-luteal phase.

Empirical use of progesterone also makes sense also because in
some instances the progesterone levels may be normal but there
may be resistance to progesterone. If one considers the mounting
evidence that endometriosis may be associated with infertility
related to progesterone resistance (and it is hoped thac supple-
menting more progesterone can overcome this resistance), it
makes sense to start progesterone in the luteal phase. Studies of a
baboon model of endometriosis suggest that the progesterone
resistance may be associated with epigenetic meodification of
progesterone-related genes and also its chaperone immunophi-
lins [112). Fazleabas and collaborators proposed, based on his
studies, that both ERs {0 and ) were reduced in sttomal cells
and PRs were reduced in glandular epithelial cells, and that PRs
in stromal cells were less responsive to ligand stimulation {113).
Thus, Fazleabas proposes that the reduction of PR-A in the glan-
dular epithelium may be due to dysregulation of ERet and B in
the stromal cells that alters the normal paracrine signaling
between the two cell types [1121. Of course, there may be some
individuals whose progesterone resistance is so extreme that even
thc use Of extra progestcrone Will not allOW thc pIOPCf CﬂdOmC‘
trial environment for successful implantation or will be inad-
equate to suppress the immune attack against the fetus.

A recent Cochrane meta-analysis induding 4 studies and
421 participants found a reduction in the rate of threatened
abortion by the use of progesterone compared with placebe or
no treatment (risk rate: 0.53; 95% CI: 0.35-0.79) (114

Preterm labor

There are numerous published studies demonstrating a benefit
of progesterone in having a tocolytic effect and in the reduction
of preterm birth as discussed in the excellent summary article by
Di Renzo et 4/, (115]. The authors believe that institution of pro-
gesterone with bleeding or cramping in the first, second or third
trimester can extend the length of gestation. However, in indi-
viduals at risk from a previous history of preterm delivery the
progesterone should be started in the luteal phase prior to estab-
lishment of pregnancy (116]. It is the authors’ policy that when
giving progesterone in the luteal phase for infertility or risk of
miscarriage, they generally taper the dosage to zero after
12 weeks, but continue it even to 36 weeks if cramping or bleed-
ing occurs with the slowly decreasing progesterone dosages.

Progesterone receptor antagonists for cancer treatment

As previously mentioned, P and the PR seem to have a signifi-
cant effect on cell growth and production of molecules that
affect the immune system. The authors previously demonstrated
that not only did all 29 human leukemia cell lines produce a
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large amount of mRNA for the PIBF protein but a few cell lines
that were tested and actively secreted the PIBF protein showed
upregulated PIBF expression when progesterone was added to
the media and downregulated PIBF expression when the PR
antagonist mifepristone was added [65]. It will be recalled, among
other things, PIBF inhibits NK cell cytolytic activity.

The structure and function of PRs in breast cancer was
described by Horwizz in 1987, but he along with McGuire
hypothesized potential endocrine therapy related to inhibiting
progesterone in 1975 (u71s). Mifepristone was given to
advanced stage tamoxifen-resistant women with breast cancer.
Tumor regression was found in 18% in one study, and only 1 of
11 in another study but this study did show 6 orthers to exhibit
stabilization of the metastatic lesions [119,120]. However, another
subsequent study seemed to put a quash in the interest in PR
antagonists since PR+ women with metastatic breast cancer only
showed a ‘partial response’ in about 10% of the women and
most reported side effects o 200 mg/day of mifepristone (the
authors find this interesting since they find 200 mg mifepristone
10 be tolerated extremely well). However, another study using
another antiprogesterone onapristone found in 19 patients that
two-third showed clinical evidence of tumor regression, 56%
showed partial response and 11% had stable disease [121).

Based on the authors’ observation with human leukemia cell
lines and PIBF and the work by Lachmann ez 4/ finding PIBF in
all highly proliferatding cells, it was decided to first treat spontane-
ous murine cancers with mifepristone to test the hypothesis that
was published in 2001 that PIBF may be involved in establishing
immune tolerance to cancer cells similar to the conceptus by pro-
ducing PIBF [316566). The authors gavaged mice with spontaneous
leukemia, lung cancer, testicular cancer and prostate cancer, and
found improvement in length and quality of survival compared
with controls [12z-124]. The authors subsequently published some
anecdotal reports showing significant palliative effects in patients
with very advanced and highly metastatic cancers, all of which
were resistant to standard therapies including colon cancer, thymic
cell epithelial cell cancer, transitional cell carcinoma of the renal
pelvis, leiomyosarcoma, pancreatic cancer, malignant fibrous his-
tiocytoma and acute leukemia [125-1271. Recently, mifepristone was
shown to cross the blood-brain barrier by demonstrating an objec-
tive clinical improvement in a male with end-stage glioblastoma
multiforme {128]. In some of these aforementioned studics, there
was demonstration of significant improvement on predicted length
of life and marked clinical improvement [125-127). These aforemen-
tioned cancers are not known to be PR+.

The reader should be aware that this section is reserved for the
authors” expert opinion which will obviously be biased based on
the authors’ research experience. To be fair it is important to
mention other possible ways that progesterone can promote can-
cer growth and why mifepristone may thwart progression of can-
cer cells. As mentioned earlier, when discussing escape of the
feral semi-allograft from immune surveillance that progesterone
may interact in an extranuclear (epigenetic or non-
genomic manner) manner to suppress T-cell rejection of the fetal
semi-allograft [62129,130). Thus similarly, progesterone acting on

extranuclear membrane PRs could inhibit T-cell rejection of can-
cer cells. It should be recalled that mifepristone is a selective PR
modulator. Similar to sclective ER modulators in some ways, it
may act as an antagonist to progesterone and in some ways as an
agonist. Chien ez a/. showed that mifepristone was antagonistic
to the membrane PR non-genomic response [131]. However, it
can act as an agonist to progesterorie by enhancing the inhibition
of phytohemagglutinin-stimulated T-cell proliferation by proges-
terone [131]. Thus, the beneficial palliative effects of mifepristone
may possibly not only promote NK cell ‘attack’ on tumor cells
by a PIBF mechanism, but could suppress T-cell response by its
interaction with non-classical membrane PRs.

One way that progesterone can promote immune tolerance
is by suppressing human lymphocyte proliferation (as seen with
a shift of THI to TH2 cytokines). Glucocorticoids similarly
suppress T-cell proliferation. Mifepristone also has weaker sup-
pression of the glucocorticoid steroid receptor and thus inhibits
the suppression of PHA-lymphocyte proliferation by corti-
sol [132]. Interestingly, however, mifepristone fails to negate the
suppression of PHA-induced lymphocyte proliferation by pro-
gesterone but was in fact synergistic (1327, Thus, mifepristone
may act through other mechanisms than suppression of PIBF
to help inhibit cancer growth.

Five-year view

It would make sense for those pharmaceutical companies man-
ufacturing progesterone to try to immensely expand their mar-
ket by convincing the obstetrician generalist to empirically treat
with progesterone in the luteal phase for infertile women with
circumstances likely to be associated with luteal phase defi-
ciency (e.g., advancing age, pelvic pain, premenstrual syn-
drome, or premenstrual spotting, or short time interval from
cervical mucus to menses) rather than empirical use of clomi-
phene cicrate (as so many physicians are presently doing now).
Hopecfully, recent presentations and  publications  re-
establishing high success rate of correcting infertility with this
methodology, and making physicians aware of the potential
adverse effects of follicle maturing drugs including compound-
ing the infertility problem, will lead to renewed interesc in
exclusive progesterone managements for infertility, especially in
women who appear to make mature follicles.

The empirical use of progesterone for infertility can be
extended to those with frequent and/or recurrent habitual mis-
carriage. Unfortunately, the authors do not think that reproduc-
tive endocrinologists will be influenced greatly by innocuous but
effective treatment measures since it seems that the majority of
them are more enthralled with assisted reproductive technology.

The practicing endocrinologist has seen over the years a
dwindling of their patient load because a great percentage of
these endocrine problems, for example, thyroid disease, diabe-
tes and hypertension have been usurped by family physicians,
internal medicine specialists or other medical subspecialists.
The medical endocrinologist is better suited to understand
the complexities of reproductive endocrinclogy and would
be more patient in using non-invasive technology. Hopefully
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