
Abstract. Progesterone induced blocking factor (PIBF) is
a unique protein that is not present in normal cells, but is
found predominantly in rapidly growing cells of the fetal
placental unit or cancer cells. There is a larger “parent”
form that is a nuclear protein involved in cell to cell
regulation, allowing tumor cells to proliferate and invade
tissues. The parent compound is cleaved into smaller
intracytoplasmic isoforms that can suppress cellular immune
response, especially, but not limited to natural killer cells.
The progesterone receptor antagonist mifepristone can
suppress messenger RNA for PIBF, but can also suppress the
intracytoplasmic protein. Treating cancer cell lines, intact
animals with a variety of spontaneous cancers, and people
with various cancers with mifepristone, has been found to
inhibit cancer growth, and provide both palliation of
symptoms and longevity possibly by suppressing this unique
immunomodulatory protein.

The Progesterone Induced Blocking Factor (PIBF)

The progesterone induced blocking factor (PIBF) is an
immunomodulatory protein that can suppress or block

various aspects of the immune system, especially, but not
limited to, natural killer (NK) cells (1, 2). Because exposure
to progesterone can cause a precipitous rise in expression of
this immunomodulatory protein both in gamma/delta
lymphocytes and in the serum, it has been termed the
progesterone induced blocking factor (3, 4). The blocking
effect on cellular immunity, especially NK cell cytolytic
activity, may be related, at least in part, to a shift from
thymic helper (TH)-1 to TH2 cytokine dominance (5, 6). At
least one-way PIBF blocks NK cell cytolytic activity is by
inhibiting degranulation of perforin granules, which is one
method used by NK cells to kill other cells (7).

There are at least two forms of PIBF. The “parent’ form has
a molecular mass of 90 kDa and is localized in the centrosome
(8). Various splice variants of this nuclear protein lead to
smaller intracytoplasmic molecules that have
immunosuppressive activity. For example, one of the most
common splice variants has a molecular mass of 35 kDa,
results from the exon 1-5 + 17-18 transcript and contains the
N-terminal 223 and C-terminal 75 amino acids (8). The actual
full-length protein consists of 757 amino acids and the 48-kDa
N-terminal part is biologically active (9). This 757-amino acid
protein is unique in that it has no significant amino acid
sequence homology with any known protein (9). The PIBF
gene has been identified on chromosome 13 in the vicinity of
breast cancer 1 (BRCA1) or BRCA2 or p53 (8, 10, 11).

PIBF protein is secreted from two main sources. The
gamma/delta T-cell seems to be the main source of PIBF found
in the serum (6). The serum levels of PBF will rise precipitously
in the presence of progesterone (P), even in males (12, 13).

The PIBF protein is also expressed in the cytoplasm of
rapidly growing cells (8, 14). For the fetal-placental unit, these
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include mesenchymal cells, embryonic cells and trophoblast
cells (12). Various isoforms of the PIBF protein have been
found in cancer cells. The 34-36 kDa splice variant, similar to
the PIBF protein circulating in the blood stream found in high
levels in people exposed to P, is the most common form (8,
14). However, splice variants of the parent 90-kDa nuclear
parent form have been found in the cytoplasm of some cancer
cells measuring 57 and 67 kDa (15, 16).

The Effect of Progesterone, Progestins, 
and Progesterone Receptor Modulators on 
Serum and Intracytoplasmic PIBF Levels

Whereas exposure to progesterone causes a marked increase
in serum PIBF blood levels, synthetic progestins, e.g.,
medroxyprogesterone acetate, 19-nor testosterone derivatives
(as seen in oral contraceptives), dydrogesterone, or even the
naturally occurring 17-hydroxyprogesterone fail to raise
serum PIBF levels (12, 13, 17). Exposure to progesterone
also markedly increases intracytoplasmic PIBF levels and
very significantly increases PIBF mRNA levels (14).

In contrast, the progesterone receptor modulators mifepristone
and ulipristal do not decrease serum levels of PIBF, showing that
progesterone receptors on gamma/delta T-cells are not affected
by these selective progesterone receptor modulators (18, 19).
However, mifepristone has been demonstrated to suppress
intracytoplasmic 35-kDa PIBF protein in a large variety of
leukemia cell lines (14). Mifepristone has also been
demonstrated to suppress the intracytoplasmic 57 kDa PIBF
isoform found in human glioblastoma multiforme cells (20).

The nuclear form of PIBF may be involved in cell growth.
The addition of PIBF to a glioblastoma multiforme cell line
led to an increase in the number of U87 cells on days 4 and
5 of the treatment, suggesting that PIBF promotes migration
and invasion of glioblastoma cancer cells (20). Lachman et
al., found PIBF to be highly expressed in cell lines from
adenocarcinomas of the cervix, breast (T47D, Sloan Kettering
3 and MCF) and ovary (OVCAR-3) (8). Mifepristone has
been found to inhibit the growth of cell lines or murine
transplantation from endometrial cancer, breast cancer,
prostate cancer, ovarian cancer, and gastric cancer (21-26).
Some other cell line studies have shown that mifepristone
treatment in combination with cisplatin inhibited growth of
ovarian cell lines better than cisplatin alone (27-31).

A Simplified Hypothetical Model of how the Fetal
Placental Unit Utilizes PIBF to Evade Immune
Rejection of the Fetal Semi-Allograft from 
Natural Killer (NK) Cells

Many immunosuppressive molecules are needed to inhibit
immune rejection of the fetus. Two editorials have provided
an insight as to the need to especially suppress NK cells and

how PIBF may be the main immunosuppressive protein to
accomplish this feat (32, 33).

A simplified model to explain the relationship of NK cells,
growth of the fetal placental unit and escape from immune
surveillance from NK cells is as follows: Progesterone
inhibits the biogenic amine dopamine. One of the functions
of dopamine is to inhibit cellular permeability. By
suppressing dopamine, irritating elements infuse into the
endometrium causing an inflammatory response (32). This
inflammatory response leads to an accumulation of NK cells,
which represent 70% of the endometrial white cell
population (32, 34-37). These NK cells function to chop out
the thick walls of some of the uterine arteries to be replaced
by a single layer of trophoblast cells shed from the extra-
villous trophoblast (32, 36). These new vessels, known as
spiral arterioles, are sufficiently thin-walled to allow nutrient
exchange from mother to fetus (32, 36).

Trophoblast invasion is directed by uterine NK cells also.
They express the chemokines IL-8 and IP-10, which bind the
receptors CXCR1 and CXCR3 on the extra-villous
trophoblast cells (37). This directs the conceptus to attach to
the hole made in the mucin 1 layer coating the endometrium
that has precluded attachment of the conceptus for 6 days to
allow uterine remodeling (32).

The problem now facing the conceptus, that is invading
the re-modeled implantation site, is that these same NK cells,
required for these important events in a successful
pregnancy, could now attack the fetal semi-allograft and
abort the pregnancy. However, this hypothetical model
contends that while progesterone was responsible for
attracting the NK cells, progesterone has simultaneously
been busy establishing a method to negate the ability of NK
cells to kill by inhibiting perforin release and possibly
granzymes, by increasing the intracytoplasmic concentration
of PIBF in the rapidly growing fetal-placental cells (32-34).

Naturally, models for a given physiological state can be
modified as new research is performed. Nevertheless, a good
present-day model is important in understanding pathological
states related to abnormal physiological conditions.
Understanding these various models can lead to treatments
that can obviate the pathological state.

For example, based on this model, infertility or miscarriage
can be related to excessive cellular permeability, leading to
excessive NK cells and/or insufficient PIBF to neutralize them.
Indeed, based on this model, supplementation with progesterone
in the luteal phase and during the first trimester should correct
some infertility states, or prevent miscarriage, and, indeed, this
supplementation has corrected these pathological states (38-40).
Similarly, taking medication that can release more dopamine
from sympathetic nerve fibers can diminish excessive
permeability, not only leading to amelioration of a large number
of treatment refractory pathological states, but can decrease the
risk of miscarriage (41-43).
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This model would also explain why taking the
progesterone receptor modulator mifepristone, for just one
day, could lead to subsequent fetal demise in a large number
of cases, leading to the use of the 200 mg oral dosage as an
abortifacient. Since death is not immediate, the drug would
not seem to act as an immediate poison, e.g., stopping heart
function, but by causing a cellular immune attack, possibly,
predominantly by NK cells, by suppressing intracytoplasmic
PIBF in rapidly growing cells of the fetal-placental unit.

Potential Cancer Immunotherapy Based 
on Similarities of the Mechanisms Shared 
by the Fetal Placental Unit and Cancer: 
Animal Research

The possible role of PIBF in enabling both the conceptus and
malignant tumor to escape immune surveillance was
hypothesized in 2001 (44). With further research, the model
was modified shifting the emphasis from PIBF made by
circulating gamma/delta T-cells to the cancer cells
themselves (45).

Based on the knowledge that the progesterone receptor
modulator mifepristone, which is already on the market, can
suppress the immunosuppressive function of intracytoplasmic
PIBF, and terminate a pregnancy, its effect on cancer
progression was examined.

However, not all cancer cell lines expressing PIBF are
associated with malignant tumors positive for the classic
nuclear progesterone receptor. Also, cell line studies do not
take into account the fact that a certain therapeutic agent can
be effective through chemical interactions in the intact
animal. In choosing animal models, a more credible animal
model would be one that evaluates spontaneous cancer, and
especially spontaneous cancers that are not associated with
the classic nuclear progesterone receptor (46).

Controlled studies gavaging mice with spontaneous
cancers, including leukemia, testicular, prostate, and lung
cancer with oral mifepristone, calculated on a weight basis
to be the equivalent of 200 mg per day for humans,
demonstrated significant palliative benefits and increased
longevity in these animal models (47-49). For example, for
A/J mice with spontaneous lung cancer, 67.4% treated with
mifepristone survived 1 year vs. 27% of the controls (49).
There were 66.7% of mice treated with mifepristone with no
sick days (body conditioning scores <4) vs. zero % for
controls (49).

Anecdotal Human Studies Using Mifepristone 
to Treat Advanced Cancers

Though not approved for cancer therapy, as mentioned,
mifepristone is already a manufactured drug used in the 200 mg
dosage for inducing therapeutic abortions, and in the 300 mg

dosage for hyperglycemia associated with Cushing’s syndrome.
Although most governments allow off-label prescription of most
drugs, in most countries due to consideration of abortion, the
200 mg of mifepristone is used by licensed abortionists. In order
to use the 200 mg dosage in the United States, one must obtain
a compassion use investigational new drug (IND) approval on
a case by case basis.

The following advanced treatment refractory cancers have
shown some palliative benefits from oral mifepristone 200
mg per day: colon cancer, glioblastoma multiforme, thymic
cell epithelial cell cancer, transitional cell carcinoma of the
renal pelvic, pancreatic cancer, malignant fibrous
histocytoma, leiomyosarcoma, probable small cell lung
cancer, and renal cell carcinoma (50-53).

Actually, all three patients with advanced metastatic colon
cancer showed significant palliative benefits taking single
agent mifepristone therapy at a dose of 200 mg/day (50, 52).
One woman, aged 61 years old, had invasive moderately
differentiated adenocarcinoma of the transverse colon with
extensive metastases to the liver, peritoneum, ovary and
uterus. Her oncologist suggested a chemotherapy regimen
and stated that it would increase her chance of survival at 6
months to 15%, but otherwise death would occur within a
month or two. Instead, she elected to try single agent oral
mifepristone therapy at a dose of 200 mg daily, which was
obtained with a compassionate use IND. She was an ECOG-
2 at this time. After 5 weeks of mifepristone her energy
levels returned to normal, and had total relief of pain. She
was now ECOG-0. She was sill perfect at 18 months of
treatment, when, because of expense ($500/month), she
asked if she could stop the medication. With little
experience, it was agreed to stop it, and simply restart the
mifepristone if the cancer started to advance again. At that
time there still was evidence of metastatic disease, but no
lesions had grown, and many were smaller. Her
carcinoembryonic analysis was only 1.3 ng/ml. Three months
off the drug she developed ascites, though she was still pain-
free, and had good energy. The mifepristone was started
again, but it did not seem as effective on the second round,
and she died 30 months from starting the mifepristone (50).

Another example of a great response to mifepristone 200
mg daily was an 80-year old woman admitted to the
intensive care unit with a serum PO2 of 72 mmol/l. The
radiologic and clinical diagnosis was probable advanced lung
cancer with the syndrome of inappropriate antidiuretic
hormone (SIADH) related to ectopic production of arginine
vasopressin (53). The oncologist thought that based on the
rapidity of the presentation, and with SIADH, that the most
likely diagnosis was advanced small-cell lung cancer. The
patient refused surgical confirmation, and refused standard
chemotherapy, but agreed to take 200 mg oral mifepristone
on a compassionate basis. Within one month her PO2
returned to 99-100 mmHg and her serum sodium returned to
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145 mmol/l from 118 mmol/l. Ten weeks after initiation of
treatment all her lung lesions were gone by CT scan. Her
CT-scan showed no tumors 5 years after single agent
mifepristone therapy. She died 5 ½ years after initiation of
mifepristone therapy of a sudden myocardial infarction (53).
Very good responses have also been seen with thymic cell
epithelial cancer and leiomyosarcoma (52).

These cases provided new insight into treatment with this
drug. For one thing, as evidenced by the colon cancer and
the thymic epithelial cell cancer cases, once one stops the
drug, there can be very rapid lethal progression. Thus, the
drug seems to stop the cancer from growing, and even
showing regression or remission, but the cancer is not
eradicated, and the cancer is geared to rapidly progress if the
“block” is removed when the progesterone receptor
modulator is stopped. Moreover, the leiomyosarcoma case
shows that even if the drug is starting to show some
progression, it is probably not wise to stop the drug and try
another treatment modality, unless this new treatment is very
likely to work (52). Disease progression is likely to be so
slowed that significant longevity and palliation will still
occur as long as the drug is continued even if there appears
to be progressive disease.

It should be noted that the 58-year old male with bilateral
renal cell carcinoma who refused to remove his left kidney
to prevent dialysis, with 3 lesions present, is still alive and
doing well 15 years later while being treated with single
agent mifepristone (remaining left kidney and remainder of
right kidney only removed 11 years later when his diabetes
caused complete kidney failure. He has received a kidney
transplant) (53).

A phase II study of treatment with oral
mifepristone as salvage therapy in patients with
advanced or metastatic non-small cell lung cancer
who have failed two or more previous
chemotherapy or immunotherapy regimens

The benefits of mifepristone therapy in controlled murine
cancer models, and some of the dramatic aforementioned
responses in anecdotal cases, have convinced the present
authors of the efficacy of mifepristone in increasing
longevity and/or providing palliation for patients with
advanced cancers. However, to convince a large group of
oncologists, a larger clinical study is needed, to not only
confirm the efficacy of this treatment in some cases, but to
determine what percentage of advanced cancer cases will be
provided significant palliative benefit from mifepristone
therapy.

This study of stage IIIB or IV non-small cell lung cancer
was approved for 40 patients and 2 principal investigators.
Unable to find willing oncologists to be principal
investigators in this investigator-initiated study, the lead

author became the sole principal investigator. Based on past
experience, the primary end-points were quality of life and
longevity, with disease progression as only a secondary
endpoint.

The first patient presented at age 68 with stage IV lung
cancer with brain metastasis who had failed three platinum-
based chemotherapy regimens (46). Since he had no tumor
markers for targeted therapy, he was told there were no other
treatment options. He was started on 300 mg oral mifepristone
daily and has now completed 43 twenty-eight-day treatment
cycles. He is still ECOG zero and answers all 43 quality of
life questions with “not at all”. Most lesions have regressed or
remained stable. One lesion is slowly growing but is showing
necrosis. There have been no more brain lesions.

The second patient in the study was a 66-year-old woman.
This patient was positive for the epidermal growth receptor
(EGFR) mutation and the programmed cell death protein
ligand-1 marker (PD-L1) (54). Her non-small cell lung
cancer progressed despite platinum-based chemotherapy,
erlotinib, and nivolumab. She showed arrest of cancer
progression, and significant palliative benefits after 18
months of mifepristone therapy. Unfortunately, she died from
pneumonia complicating her end stage chronic obstructive
lung disease (54). Her lung cancer had not progressed (54).

Status of Mifepristone Therapy for 
Advanced Cancer as of 2019

Unfortunately, to date, after almost four years, these are the
only two patients with ECOG 3 status or less recruited for
this investigator-initiated study. This is partly related to
competition for advanced cancer patients to be used in drug
trials by various pharmaceutical companies.

Mifepristone, especially in the 200 mg dosage, is
generally well tolerated when used long-term, as seen in
studies using it for unresectable meningiomas (55).
Hopefully, the 2019 publication showing that mifepristone
can thwart PD-L1 positive cancer, even when progression
occurred despite treatment with check-point inhibitors, will
generate interest to offer this treatment, not just to patients
with advanced non-small cell lung cancer, but also to
patients suffering from other cancers. Furthermore, interest
will be influenced by the aforementioned anecdotal cases,
knowledge of which cancer cell lines express the PIBF
protein, or knowledge of which spontaneous murine cancers
respond to mifepristone. As a generic drug, mifepristone can
be obtained in some countries for as little as 50 cents a pill.

In the United States, the FDA has made the methodology
to obtain compassionate use much simpler. Hopefully, other
governments will merely allow those physicians who are
interested in treating their cancer patients with mifepristone
to merely prescribe the drug off-label without obtaining an

ANTICANCER RESEARCH 39: 3365-3372 (2019)

3368



IND. Hopefully, if physicians do prescribe mifepristone, they
will keep careful records and report their experiences whether
positive or negative. Hopefully positive reports from more
than one treatment center will generate interest in performing
larger clinical trials, which will examine the efficacy of
progesterone receptor modulators for treating cancer.

Also, the hope of writing this review is that it will
generate interest in scientists to evaluate in more detail this
unique PIBF protein. A computer search found a paucity of
research concerning this immunomodulatory protein. There
are still so many questions to be answered which could lead
to other, possibly superior, cancer therapies.

One question is how cancer cells activate the progesterone
receptor, which is probably a membrane associated
progesterone receptor, rather than a nuclear receptor (56). Is
it possible that some cancers produce human chorionic
gonadotropin, which, in turn, produces progesterone locally,
which stimulates the membrane associated P receptors,
leading to an increase in both nuclear and intracytoplasmic
PIBF (38, 46, 57)? Theoretically, this level of P is insufficient
to raise the serum progesterone levels, and thus serum PIBF
is not increased in the patients with cancer (58-60).

Another important question is at which level does PIBF
operate? Could this immunosuppressive protein be critical
for cancer stem cell proliferation? This seems plausible since
mifepristone, which suppresses intracytoplasmic PIBF, has
been shown to cause regression of cancer, or at least
significant palliative relief, even when standard therapies
directed against rapidly growing cells have ceased to be
effective (a time when most theorize that the majority of the
cancer cells may be stem cells).

Future studies should be directed at determining which
tumors on biopsy express the PIBF protein. Also, will
mifepristone only inhibit cancer growth of cells expressing
PIBF, or could PIBF expression not be present on the
biopsied early stage cancer, but be present when the tumor
reaches the rapidly growing metastatic stage? In 2018,
Madendag et al. found high immune expression of PIBF in
epithelial ovarian cancers (61). They concluded that “further
research is needed to understand the clinical importance of
this finding, to learn outcomes of high levels of PIBF, and
to investigate its underlying mechanisms” (61).

Future studies aimed at eliciting more precisely the effect
of intracytoplasmic PIBF on the immune system could help
to develop other novel therapies aimed at blocking these
pathways, or methods of enhancing the efficacy of
progesterone receptor modulators. These intracytoplasmic
isoforms of the nuclear PIBF protein may be ligands of
various immune pathways, e.g., acting as ligands of the PIBF
receptor/interleukin-4 receptor and heterocomplex, e.g., IL-
4R/Janus kinase/STAT 6 proliferating pathway which is
associated with the differentiation of TH2 cells to produce a
specific set of cytokines (62).

As previously mentioned, mifepristone can suppress
proliferation of cancer cell lines (23-31). This suppression is
not likely through the immune system, since this would
require an intact animal. Most likely the mechanism involves
suppression of a molecule that inhibits proliferation mediated
by the nuclear 90-kDa parental form of the PIBF protein (8,
46). It is likely that the antagonism of mifepristone on cancer
cell proliferation would more likely involve nuclear, rather
than intracytoplasmic PIBF.

There is evidence that PIBF (most likely nuclear PIBF) may
help enable malignant tumors to invade tissues by stimulating
proteolytic enzymes, e.g., matrix metalloproteinases (63).
Another possible role of mifepristone is to inhibit cytotoxic 
T-cells from adhering to vascular endothelium (64). In the
aforementioned study by Lachman et al., they found that PIBF
may not be an integral part of the centrosome but rather a
microtubule-associated protein (8). This could suggest that
other therapies, in addition to progesterone receptor
modulators, could be used to disrupt PIBF function, e.g.,
microtubule disrupting agents, e.g., nocodazole (8).

Another important question is whether early use of
mifepristone, possibly combined with other chemo or
immunotherapeutic agents may prove to significantly enhance
longevity and quality of life compared to the use of either
treatment alone, as seen in certain cell line studies (26-31).

Hopefully, in 2019, we will see a significant increase in
scientists and physicians researching the importance of the
PIBF protein and the importance of progesterone receptor
modulators in the treatment of cancer. One caveat is that,
based on experiences to date, clinical studies should make
their primary endpoint longevity and quality of life, as
opposed to progressive disease, similar to the aforementioned
investigator-initiated evaluation of single-agent mifepristone
therapy for advanced non-small cell lung cancer.
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