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Abstract

The use of platelet-rich plasma (PRP) to improve endometrial receptivity is gaining increasing attention in assisted reproduction
technologies. The authors report that autologous PRP intrauterine administration improves pregnancy and birth rates, particularly
in cases of patients presenting poor endometrial growth. Different groups of scientists proposed a similar approach years ago
using whole blood-derived products also to improve endometrial receptivity. The important role played by cytokines and growth
factors during embryo implantation has been well-known for a long time. These signaling molecules are present and released by
blood cells during physiological, normal endometrial growth and implantation. Similar blood mediators are released from platelet
granules upon a blood vessel injury. Methods described for PRP preparation for intrauterine administration are not precise, and
they seem to be similar to those used to prepare peripheral blood-derived products. Thus, it is possible that when preparing PRP
from whole blood, the final plasma product used as “PRP” contains platelets in addition to the important cytokines and growth
factors released by the peripheral blood mononuclear cells present in the whole blood. Precise knowledge of the identity,
concentration, and effects of the individual blood factors, their origin, whether platelets or blood mononuclear cells, will greatly

contribute to improve and to make results obtained in fertility treatments more repeatable.

Introduction

The important role played by the endometrium for establish-
ing and maintaining a normal pregnancy is beyond doubt. In
natural menstrual cycles, the human endometrium becomes
receptive to implantation approximately six days post-
ovulation when the embryo reaches the blastocyst stage. A
complex series of interactions between the blastocyst and the
endometrium takes place, leading to the attachment of the
embryo to the luminal epithelium and subsequent invasion
into the stroma to establish a relationship with maternal vas-
culature [1].

It is clear from the literature that implantation depends on a
coordinated crosstalk between intrauterine factors and the
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embryo itself. The major regulatory role played by ovarian
steroids, progesterone, and estrogen on implantation is well-
known. These hormones mobilize different molecular modu-
lators in a spatiotemporal manner, which supports embryo
implantation [2]. Endometrial epithelium, decidualized stro-
mal cells, and immune cells produce and secrete paracrine
signaling molecules known as growth factors and cytokines.
Their action promotes decidual reaction, blastocyst attach-
ment, and invasion [3, 4]. Despite all the knowledge accumu-
lated on the factors involved in normal implantation, very little
is known about the silent, undetectable factors in the uterine
microenvironment that may also affect the process,
representing key components on a successful and full-term
gestation.

In Assisted Reproductive Technology (ART) cycles, im-
plantation failure is an important limiting factor. It has been
acknowledged for a long time that inadequate endometrial
receptivity is one important cause of failures in ART cycles.

Ultrasound evaluation of the uterine cavity is a common
practice during ART cycles to define a receptive endometrium
based on its thickness and echogenicity. It is generally agreed
that a hypoechogenic endometrium [5] with a thickness of >
7 mm on the day human chorionic gonadotropin (hCG) cor-
responds to a receptive endometrium. However, successful
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pregnancies have been reported in thin (<4 mm) [6] and
hyperechogenic endometrium [7].

Another common unsuspected intrauterine condition that
may interfere with the implantation process is chronic endo-
metritis (CE). It is known for some time that 30.3% of patients
with repeated implantation failure following In Vitro
Fertilization (IVF) cycles present CE and women diagnosed
with CE had lower implantation rates (11.5%) after an IVF
cycle [8]. Not surprisingly, in patients complaining of recur-
rent implantation failure, antibiotic treatment significantly im-
proved the reproductive outcome at a subsequent IVF cycle
[9].

Maternal immunological tolerance towards the embryo
represents an additional relevant factor required for successful
implantation in a secretory endometrium. It is not fully under-
stood, however, how the local immune tolerance happens. The
lack of knowledge of the molecular mechanisms underlying
the phenomenon of immunological tolerance that occurs dur-
ing implantation may be one of the reasons why this topic
does not receive the same attention as other infertility factors.
Several signaling molecules involved in the immune response
taking place during embryo implantation are produced and
released by blood born white cells and platelets or are present
in the plasma and interstitial fluids.

This article provides a review on the roles of known growth
factors and cytokines during implantation and addresses novel
and experimental therapies using platelet-rich plasma in fertil-
ity treatments. Our intent is to show a putative bridge between
cytokines and growth factors produced by nucleated blood
cells and the successful use of PRP in human-assisted repro-
duction. Computerized literature searches mainly using
PubMed were performed for studies and reviews using the
following terms alone or in combination: PRP, endometrium,
implantation, gestation, growth factors, and blood-derived
products. Additional relevant information was retrieved from
the reference lists of a few articles.

Growth factors, cytokines and implantation

The term growth factor (GF) is used sometimes interchange-
ably with the term cyrokine. Both represent signaling mole-
cules that bind to specific receptors on the surface of their
target cells, promoting cell proliferation, differentiation, mat-
uration, or cell death. Growth factors usually are associated
with positive cell signaling, whereas certain cytokines are as-
sociated with cell death as they may induce the target cell to
undergo apoptosis.

These soluble proteins are produced by different cell types
in many tissues, including reproductive and embryonic ones.
The role played by cytokines and GFs in promoting endome-
trial receptivity has been reported in different studies over the
last decades [10-13].
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Cytokines are not a stable population of blood protein me-
diators. It has been demonstrated that cytokine measurement
results vary according to factors, such as sample collection
protocol, time of the day, fasting or food ingestion, exercise
and stress, and arterial-venous blood sampling [14-16]. A
key factor to be taken into account when cytokines are used
on clinical therapies is the fact that cytokines have a short half-
life, presenting rapid degradation in vitro after blood collec-
tion if appropriate storage and handling procedures are not
employed [17]. For example, the half-life of TNF-« in plasma
was calculated to be 18.30 min after release from PBMCs
in vitro [18]. Aziz and colleagues [16] identified that handling
and storage conditions before and during blood sample pro-
cessing affected the stability of certain cytokines. Among the
ones that easily become unstable under inappropriate handling
conditions are interleukin-6 (IL-6) and tumor necrosis
factor-o (TNF-x). The authors concluded that different cyto-
kines present different stability depending on post-blood col-
lection conditions.

Cytokines act in conjunction, and they may affect numer-
ous target cells in a complex and highly regulated network,
making it difficult to individualize the effect of each individual
molecule. In humans, there is an increase of certain cytokines
and GF mRNA profile around the time of implantation [19].
Despite the efforts to unveil all the molecules involved in
implantation, the list is inexhaustible and continues to grow
and the exact molecular mechanism underlying the phenom-
enon of implantation remains poorly understood [20].

Table 1 presents a summary of various growth factors
known to be involved in the human implantation process.

Blood-derived products and implantation

Peripheral blood mononuclear cells (PBMCs) mainly consist
of T- and B-lymphocytes and monocytes in mammalian spe-
cies. In humans, PBMCs induce the production of several
cytokines, such as IL-13 and TNF-«, that play a key role in
primary immune responses.

The idea of using autologous blood products to improve
implantation and gestation is not new. More than three de-
cades ago, the administration of a husband’s lymphocytes to
treat women suffering from spontaneous abortion of unknown
etiology showed that this strategy allowed term gestation and
birth of healthy babies in patients that developed immunolog-
ical protective features to paternal alloantigens [34]. By that
time, Wegmann [35] proposed the “immunotrophism
hypothesis” after showing that T-cells are involved in placen-
tal growth and that they may help to prevent spontaneous
miscarriage.

Subsequently, in vitro assays demonstrated that PBMCs
derived from pregnant women increased progesterone produc-
tion by luteal cells in culture. Also, the concentration of T-
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Table 1 Evidences of cytokine

and growth factor involvement in Factor

Evidences

References

human implantation
CSF-1

IL-6

IL-8

LIF

TGF-j3

TNF-«

VEGF

CSF-1 is one of the signaling molecules found at the maternal—fetal interface during
the time of implantation

The expression of IL-6 increases during the secretory/menstrual phases suggesting that
this cytokine may play a role in changes in endometrium that prepare it for im-
plantation and menstrual shedding. Abnormal expression of IL6 was reported dur-
ing mid-secretory (MS) phase in patients with recurrent abortions.

Interleukin-8 (IL-8) mRNA expression was shown to be the lowest during the prolif-
erative and early secretory phase. At the mid-secretory phase, an increased expres-
sion could be detected followed by the highest expression during the late secretory
pro-gestational phase.

Leukemia inhibitory factor (LIF) mRNA and protein expression occurs throughout the
menstrual cycle, particularly in the middle- and late-secretory phases, when im-
plantation occurs. Mutations in the LIF gene occur in women with unexplained
infertility and repeated implantation failures. In addition, women with strong LIF
immunoreactivity during the window of implantation have greater probability of
getting pregnant in IVF cycles.

During the menstrual cycle, the expression of the isoform transforming growth
factor-beta (TGF-f3) varies, being more intense in glandular epithelium during the
late-secretory phase. Moreover, TGF-3 may play a role in human implantation by
promotion of adhesion of trophoblast cells to the ECM in in vitro assay.

Tumor necrosis factor-alfa (TNF-) menstrual cycle-dependent expression in human
endometrium suggests that it has a role in menstrual bleeding and tissue shedding.
The progressive rise in TNF- endometrial tissue concentration during the
secretory/menstrual phase suggests that successful implantation and placentation
depend on a precise balance between the expression of TNF-x and other cytokines
by immune and trophoblastic cells by the time implantation occurs. TNF-o poly-
morphisms are associated with implantation rates in ART cycles.

Human endometrium expresses a secreted angiogenic growth factor whose site of
expression changes during the menstrual cycle. Vascular endothelial growth factor
(VEGEF) levels are significantly reduced in uterine fluid during the MS phase in
women with unexplained infertility compared with fertile women. Culturing mouse

[21-23]

[10, 19, 24]

[19]

[25-27]

(28]

[10, 11, 29,
30]

[30-33]

embryos with either MS-phase uterine fluid from fertile women or recombinant
human VEGF significantly enhanced blastocyst outgrowth.

VEGF polymorphisms are associated with implantation potential in ART cycles.

helper 2-derived cytokines and interleukins IL-4 and IL-10
was increased in the co-culture of PBMCs and luteal cells
derived from pregnant women [36]. The same authors also
demonstrated that interleukins alone were proven to be as
effective in stimulating corpus luteum progesterone produc-
tion as hCG.

The effects of circulating PBMCs on embryo implantation
were further investigated using the mouse model. The intra-
venous administration of spleen cells and thymocytes from
pregnant and non-pregnant to pseudo-pregnant day 2 females
induced earlier embryo implantation [37, 38]. The role played
by PBMCs on embryo invasion and implantation and hCG
secretion was first observed using murine embryos and
PBMCs obtained from women in early pregnancy [39].
Embryo invasiveness was significantly enhanced when they
were exposed to PBMCs obtained from pregnant women.
Furthermore, when PBMCs obtained from non-pregnant
women were exposed to hCG for two days before the inva-
siveness assay, embryo invasion was similar to results obtain-
ed using PBMCs from pregnant women. However, embryo
invasiveness was not affected by their exposure to hCG

without the PBMCs. Subsequently, the role played by
CD4(+)/CD25(+) regulatory T-cells in modulating immune-
tolerance at the implantation site was demonstrated in both
mice and humans [40, 41]. In another in vitro experiment that
mimics the implantation window using human
choriocarcinoma-derived BeWo cell mass and human endo-
metrial epithelium, Kosaka and colleagues [42] showed that
PBMCs promoted endothelial cell receptivity and increased
attachment rates. In light of these findings, the “PBMC
therapy” was proposed for patients with repeated implantation
failures [43]. Blood samples were collected from each patient
twice: at the day of oocyte retrieval and two days later.
PBMC:s isolated from the peripheral blood by the Ficoll-
Hypaque method [36] were activated or not with HCG, pooled
in a single-cell suspension, and administered into the uterine
cavity to induce endometrial receptivity prior to blastocyst
transfer [43]. The treatment was applied to 35 patients with
four or more repeated implantation failures. Clinical pregnan-
cy, implantation, and live birth rates were significantly in-
creased in patients that received the autologous PBMC intra-
uterine administration [43]. Based on the evidences presented
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previously, Fujiwara [44] hypothesized that “circulating im-
mune cells support the endocrine system to mediate embryo-
maternal cross-talk through systemic circulation”. According
to the author, maternal immune cells that have recognized the
presence of an early embryo migrate to lymphoid organs to
amplify the information and to mobilize other effector cells
into systemic blood circulation to travel to the endometrium to
induce tissue differentiation. Significantly improved pregnan-
cy rates were also obtained when the “PBMC therapy” was
applied in a bovine embryo transfer program in Japan [45].
Additional studies with cryopreserved human embryos
showed that intrauterine administration of autologous
PBMCs promoted increased implantation, clinical pregnancy
rates, and live birth rates in RIF patients who underwent
frozen/thawed embryo transfer cycles [46, 47]. It is also inter-
esting to note that the study by Li and colleagues [47] also on
frozen/thawed embryo transfer cycles pointed out that PBMC
therapy was not effective on patients with one to three failed
cycles, but pregnancy and live birth rates were significantly
increased in patients with four or more implantation failures
after frozen/thawed cleavage stage embryo transfer cycles.

What is platelet-rich plasma?

The concentrate of plasma platelets obtained by centrifugation of
the patient’s whole blood was named PRP. Platelets are non-
nucleated cell fragments derived from megakaryocytes located
in the bone marrow. Circulating anucleate platelets do not
synthetize new proteins. All GFs and cytokines contained in
cytoplasmic granules and delivered by platelets were produced
by their mother cells, the megakaryocytes. The cytoplasm of
platelets is divided in two regions: the chromomere, where gran-
ules accumulate, and the agranular hyalomere rich in cytoskeletal
proteins. Platelet granules contain numerous proteins, several
growth factors, and cytokines. When an injury or a cut occurs,
platelets are “activated” and secrete these molecules that in turn
act synergistically on local cells to promote wound healing by
modifying the biological milieu to a suitable regenerative envi-
ronment [48, 49].

The roles of platelets in homeostasis and preventing blood
loss have been known for more than a century since they were
first identified by Bizzozero in the 1880s [50]. More recently
identified functions for platelets show that these cell fragments
indeed participate in inflammatory processes and produce and
release immunomodulatory factors [51-56], such as soluble
CD40 ligand (CD154), which perform key roles in innate and
adaptive immunity crosstalk. Thus, the administration of a
platelet concentrate to a recipient represents also the infusion
of a huge amount of cytokines and chemokines. Last but not
least, reports describe the presence of antimicrobial peptides
in platelet secretory granules [57].

Methods for preparing PRP have not been described in
detail, and they vary considerably [58]. From the data
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available, it is difficult to know the precise cell composition
present in PRP concentrates described in literature. It is also
not possible to assess whether platelets underwent activation
before or during the preparation process and if the secreted
growth factors and cytokines were discarded together with the
platelet-poor plasma (PPP). More importantly, there is neither
knowledge of platelet count in a given preparation prior to use
nor the dose that offers the best treatment effect.

Thus, preparation methods should be worldwide standard-
ized to understand the putative mechanisms through which
platelets or other cells present in peripheral blood are exerting
their action on therapies of tissue regeneration and growth and
to achieve consistent clinical outcomes.

The search for a repeatable and highly effective PRP prep-
aration method led to the creation and optimization of proto-
cols designed to maximize PRP regenerative and angiogenic
properties [59, 60]. The importance of a highly repeatable and
efficient protocol to prepare platelets for clinical use is justi-
fied by the fact that the concentration of GFs and cytokines in
a given preparation is related directly to the platelet count and
proteins present in plasma [61].

Platelet preparations may be classified based on the pres-
ence of individual components [62]. The most common form
of platelet concentrates is pure PRP and leukocyte PRP. Both
are prepared by centrifugation of whole blood with anticoag-
ulant and supplemented or not with platelet activators, such as
Ca®* or thrombin before administration. These preparations
are liquid and therefore used as injections in contrast to the
solid platelet preparation forms, such as platelet-rich fibrin
[62]. Composition analysis of the PRP preparations revealed
large variations in platelet and leukocyte counts.

The detailed in vitro study performed by Amable and col-
leagues [59] resulted in a consistent PRP preparation method.
Peripheral blood was collected using tubes containing 3.2%
sodium citrate solution. The preparation protocol was divided
into two centrifugation steps in which temperature, centrifugal
force, and time were optimized. In the first centrifugation, the
relative centrifugal force applied was 300 xg for 5 min at
18 °C. The whole plasma above the buffy coat was collected
(PRP1) and transferred to a new tube. The second centrifuga-
tion step used 700 xg for 17 min at 18 °C. The platelet-poor
plasma (PPP) was transferred to a new tube. The platelet pellet
obtained from 1 ml of PRP1 was resuspended in 300 pl of
PPP (PRP2). Platelet activation was induced by adding
20 mM CaCl, and 25 IU/ml human thrombin incubated at
37 °C for 1 h or at 4 °C for 16 h. Finally, for recovering the
activated PRP2, samples were centrifuged at 3000 xg for
20 min at 18 °C and the supernatant (activated PRP2) was
collected by aspiration. The resulting platelet product, free
from leukocytes and red blood cells, was proven to be rich
in platelet-derived growth factor, endothelial growth factor,
and transforming growth factor, together with anti-
inflammatory and pro-inflammatory interleukins, IL-4, IL-8,
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IL-13, IL-17, TNF-«, and interferon (IFN)-x. Additionally,
the study characterized the GFs and cytokines derived from
activated platelets and those present as a soluble in plasma.

Platelet-rich plasma and endometrial receptivity

As mentioned earlier, endometrial receptivity is a key factor
for embryo implantation and gestation. Different approaches
have been proposed along the years to improve endometrial
receptivity in ART, including the above-mentioned intrauter-
ine administration of autologous PBMCs and the more recent
use of PRP.

After the pioneering work by Ferrari et al. [63] on the
clinical application of autologous PRP in an open heart sur-
gery to avoid excessive transfusion of homologous blood
products, several others followed in different specialties of
medical practice in the last decades.

The first report on the use of autologous PRP on fertility
treatment was its intrauterine infusion on barren mares. The
expression of inflammatory biomarkers of uterine biopsies
obtained from mares susceptible to persistent mating-
induced endometritis following intrauterine PRP infusion
showed that mRNA expression of interleukins IL-1[3, IL-6,
and IL-8 was significantly down-regulated (P <0.05) when
compared with untreated females [64]. Subsequently, a re-
markable increase on gestational rates was reported in barren
mares that received intrauterine PRP infusion before mating
[65]. Reghini and colleagues [66] further confirmed these re-
sults showing that PRP intrauterine infusion is effective in
modulating the exacerbated uterine inflammatory response
to semen in mares with chronic degenerative endometritis.
Another study using an in vitro cow model of endometrial
inflammation showed that PRP-treated cells have an increased
proliferation rate and higher expression of several genes in-
volved in implantation [67]. The authors also demonstrated
that progesterone receptor gene expression was higher in en-
dometrial biopsies of cows treated with PRP infusion at day 4
post-estrus. These results prompted the authors to suggest a
potential treatment of cow endometritis with PRP in vivo [67].

The putative involvement of platelets in the human implan-
tation process was first put forward by Sato et al. [68]. The
authors observed that platelets together with extravillous tropho-
blast cells replace endothelium and muscle layer, remodeling
spiral arteries to become dilated. This contributes to an adequate
blood supply into the intervillous space in the placenta.

Fujiwara [69] suggested that after the maternal immune sys-
tem recognizes an embryo in the genital tract, the peripherally
circulating immune cells act on reproductive organs to facilitate
implantation. These observations were further extended to the
proposal that circulating platelets are “novel regulators of neo-
vascularization” and luteinization in the tissue remodeling pro-
cess during corpus luteum (CL) formation [70].

This concept was subsequently extended to all peripheral
blood cells [44]. Thus, all peripheral blood components, in-
cluding platelets, would have a role in endometrial remodeling
and embryo—maternal crosstalk at implantation time.

Endometrial growth has been the major reported effect af-
ter PRP intrauterine administration in patients presenting thin
endometrium during ART cycles. Chang and colleagues [71]
reported better endometrial growth and gestation outcomes
after PRP infusion in patients with thin endometrium (<
7 mm). This first report was followed by others [72—74] show-
ing an improvement on endometrial growth and fertility treat-
ment outcome in patients with thin endometrium. Last, a case
report described the successful pregnancy outcome of a pa-
tient diagnosed with recurrent implantation failure treated with
autologous PRP intrauterine administration prior to embryo
transfer [75]. Data presented on a recent report [72] suggests
that PRP intrauterine infusion promotes neo-angiogenesis.
The study shows that PRP administration in infertile women
undergoing frozen embryo transfer cycles with suboptimal
endometrium induced a significant increase in vascularity ob-
served by the number of vascular signals seen on Power
Doppler, reaching the zones 3 and 4 of the endometrium.
Endometrial thickness along with chemical and clinical ges-
tations rates significantly increased the post-PRP treatment in
this group of patients. None of these reports, however, provide
any evidence on which uterine cell type (epithelial, stromal,
blood, vascular, or glandular cells) and the mechanism
through which the blood preparation was being effective in
improving receptivity and pregnancy.

One important point to be observed in the above-
mentioned reports is the fact that they do not describe in detail
how PRP used for intrauterine administration was prepared
from whole blood. Some of the descriptions barely even men-
tion anything more than the “two-step” centrifugation, the
buffy coat retrieval and administration in the uterine cavity
as being the “PRP” treatment [71, 73, 75, 76]. However, the
buffy coat should contain leukocytes in addition to the plate-
lets and plasma. As discussed before, leukocytes are also a
source of several GFs and cytokines. Considering that the
buffy coat may contain different amounts of leukocytes and
plasma GFs, depending on how the blood sample was treated
[59], it is difficult to ascertain which component of the final
preparation is exerting its effect on endometrial receptivity, or
as it may be more likely, which combination of factors found
in the plasma preparation is promoting an improved endome-
trial environment for embryo implantation. The fact is though
that none of the PRP studies describe an analysis of the
cellular/acellular components of the plasma preparation prior
to infusion. It is possible that the final PRP preparation
employed in most reports contains white blood cells together
with the platelets and they may be contributing with their
cytokines and growth factors to the effects observed exerted
by PRP samples.
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Furthermore, some authors used platelet activation compo-
nents, such as calcium, while others do not mention the pres-
ence of any activating agent during plasma preparation.
Platelet activation factors trigger the release of GFs and cyto-
kines stored in platelet granules in plasma. Thus, these PRP
preparations should be injected into uterine cavity immediate-
ly after being prepared, considering the short half-life of some
of the cytokines and GFs.

Lastly, it must be taken into account that infertile patients
presenting implantation failure are not all the same.
Immunological and inflammatory factors should be investi-
gated, and the possible presence of endometritis well docu-
mented before PRP treatment. To maximize PRP treatment
effectiveness, patients should be discriminated according to
their putative cause of implantation failure.

The first in vitro study designed to elucidate the cellular
mechanisms involved in PRP endometrial regeneration pre-
sented evidence that activated PRP increased cell migration
and proliferation in different in vitro cell types and enhanced
expression of matrix proteins [77]. However, the study also
showed that platelet-poor plasma (PPP) and non-activated
PRP preparations were also effective at promoting cell migra-
tion and proliferation and increased gene expression of matrix
proteins. These results may be due to the PRP/PPP preparation
method, which may have segregated growth factors and cyto-
kines present in the plasma fraction from those present in
platelets or caused their release from the platelets upon acti-
vation or during preparation and storage in plasma before use.

Conclusion

In conclusion, we believe that it is possible to ascertain the
therapeutic/regenerative role for platelet preparations.
However, it is not possible at the moment to establish whether
the therapeutic effects are exerted by the platelets alone or if
they are the result of a combination of GFs and cytokines
present in plasma or released by platelets and PBMCs upon
blood collection and preparation. There seems to be no room
for doubt on the important role played by the immune system
cells and molecules underlying the effects of the different
blood-derived product therapies. However, PRP treatment
should be considered experimental and additional, concrete
studies should be performed to address the immunological
aspects of implantation before its use in clinical practice. On
the other hand, because the patient is the source of the PRP
preparation, the risk of contracting a blood-transmitted disease
is avoided and the risk for an immune reaction is minimal [78].

Finally, considering that allogeneic blood transfusion is an
established clinical practice, the creation of blood-derived
product banks for regenerative therapies may not be a far
reality, including endometrial receptivity improvement for
ART patients.
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