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Abstract

Intraovarian injection of autologous Platelet Lysate (PL) can be considered a potential
therapeutic strategy for ovarian function rejuvenation. Especially, in women diagnosed with Poor
Ovarian Response (POR) or Primary Ovarian Insufficiency (POI), the exogenous administration
of the autologous platelet-derived growth factors, influence positively the regulation of the serum
Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), and Anti-Mullerian Hormone
(AMH) and Estradiol (E2). Therefore, the evaluation of the serum levels of the aforementioned
hormones was performed on 10 participants with a mean age of 43 * 4 years diagnosed with
POR or POI, who received intraovarian PL injection monotherapy. The monitoring of the serum
hormone levels was performed for 3 months. The results of this study clearly showed that all
participants were characterized by elevated levels of FSH and LH and reduced levels of E2 and
AMH, prior to the PL injection. However, the levels of all hormones started to change after the 1%
month of follow-up monitoring. Moreover, 40% of the participants conceived successfully either
by natural way or after in vitro Fertilization (IVF). Considering these, the intraovarian injection
of autologous PL exhibited promising evidence regarding the altering of hormone levels at
physiological values. Moreover, the contained PL growth factors were implicated in angiogenesis
promotion and also in toleration of the inflammatory microenvironment, regulating positively
ovarian function. In conclusion, the intraovarian autologous PL injection is considered a safe,
effective, and tolerable therapeutic strategy in women with POR or POI. Moreover, the results of
this study were very encouraging, especially for the women with infertility issues, who want their
genetic offspring.
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Introduction

Injection of autologous blood derivatives, such as Platelet-
Rich Plasma (PRP) or PL is considered an efficient method for
the improvement of ovarian dysfunction, such as POR or POI
[1]. Apparently, 1% of the women with an age less than 40 years
old, have reported irregular menstrual cycles, and difficulties
in fertilization accompanied by a significant reduction in
ovarian reservoir [2-5]. Besides the aforementioned issues, at
present the donation of oocytes represents the only available
strategy for women with POI to acquire their genetic offspring
[3]- On the other hand, POR represents a gynecological
situation where ovarian stimulation with the use of exogenous
administrated hormones is most times low, which further
leads to a limited number of produced oocytes [2]. In addition,
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the majority of the therapeutic protocols for the improvement
of ovarian function in women with POR are characterized by
a low success rate and therefore by a reduced possibility for
conception. Both POI and POR are considered the primary
reasons for the increased number of IVF cycles, which are
performed in developed countries [6,7]. In the context of
assisted reproduction, in Greece, more than 200,000 couples
have issues with natural conception, and according to the
statistics provided by the Independent Medically Assisted
Reproduction Authority, more than 30,000 cycles are
performed annually [6,8]. Moreover, an increase of 8% in IVF
cycles has been reported since 2014 [6,8]. The above statistics
can be further explained by the fact that the modern way of
life has caused women to give birth to their first child after
30 years old [9]. Indeed, considering that female infertility is
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actively associated with several factors, such as daily stress
issues, a decrease of oocytes due to aging, or other pathological
situations, such as endocrine dysfunction, the existence of
endometriosis, polycystic ovary syndrome (PCOS), failure of
embryo implantation or other, may explain the reason for the
high number of performed IVF cycles [9-11].

Inthisway, ovarianrejuvenation by establishingalternative
therapeutic strategies to increase the production and release
of follicles from the available reservoir, should further be
evaluated. Hence, it is known that folliculogenesis is driven by
specific hormones, such as FSH and LH primarily for follicle
production and AMH and LH lately for their maturation and
ovulation [12-16]. Besides them, other growth factors, such as
transforming growth factor-f1 (TGF-f1), Fibroblast Growth
Factor (FGF), Vascular Endothelial Growth Factor (VEGF),
Platelet-Derived Growth Factor (PDGF), Hepatocyte Growth
Factor (HGF) and others, have been implicated in several steps
of folliculogenesis, such as the transition from primordial
to pre-antral follicles, or further survival and maturation of
antral follicles [17-19]. For this purpose, the rejuvenation of
ovarian function by using the autologous PRP could increase
oocyte production and thus may contribute to a higher chance
of pregnancy succession. In literature, there is a great number
of studies where the potential of the intraovarian injection of
autologous PRP in inducing rejuvenation of ovarian function,
has been shown [20-27]. PRP is a rich source of growth factors
that are released by the activated platelets [28,29]. On the
other hand, PL is considered also an equal and safe source of
autologous growth factors, offering the advantage of storage
and delivery at specific time points, limiting in this way the
long waiting time (required for PRP preparation) of the
patient at the clinic [30].

In this way, the primary aim of this study was the
investigation of the beneficial impact of intraovarian PL
injection in women with POR or POI. To achieve this, specific
biochemical parameters including FSH, LH, AMH, and E2
were evaluated prior to and post-PL injections. Therefore,
the acquired data may shed light on the potential relationship
between the ovarian rejuvenation mechanism and the
exogenous provided growth factors, which can result in
improving ovarian function in women with POI or POR.

Materials and methods
Study design

This whole study was performed between September
2022 and June 2023 at the Institute of Life, IASO Hospital,
Athens, Greece. Initially, 10 participants ages 35 years - 49
years, with diagnosed POR or POI were enrolled, based on
ESHRE guidelines and Bologna criteria. The study has been
approved by the Scientific Board of “IASO” Maternity Hospital
with registration number 021023. The study followed the
regulation as outlined by the declaration of Helsinki and is
in accordance with the Greek Bioethics Committee of Human
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Reproduction. All participants were informed of the purpose
of the study and signed the consent before the initiation of
the study. As exclusion criteria, the presence of autoimmune
disorders, chronicinflammatory diseases, sexually transmitted
infectious diseases, tubal factor infertility, tubal obstruction,
thyroid dysfunction, endometriosis, hematological disorders,
cardiovascular disease, and body mass index (BMI) > 30
or < 18.5, gynecological cancer, were considered prior the
selection of the participants.

Participants examination

Routine examination of the reproductive dynamic of the
participants involved the biochemical evaluation of serum
levels of FSH, LH, AMH, and E2. The evaluation of the above
levels was performed on day 3 of the menstrual cycle. The
quantification of the hormones was performed using the
chemiluminescent microparticle immunoassay (Roche
Diagnostics GmbH, Mannheim, Germany) using the Roche
analyzer (Roche Cobas 4111, Basel, Switzerland).

Platelet Lysate production protocol

A quantity of 20 ml was collected from all participants
enrolled in this study. The production protocol of PRP was
performed using a two-step centrifugation process at 160
g and 480 g for 20 min each, respectively. All centrifugation
steps were performed at room temperature. After the
first centrifugation step, an amount of 6 ml of plasma was
transferred to a new falcon (BD Biosciences, Franklin Lakes,
NJ, USA), followed by the second centrifugation. Finally, the
supernatant was removed, and the remaining 4 mL of PRP
were isolated. To obtain the PL, PRP was left in the freezer at
-80 °C for a minimum of 48 hours. After this period, the PL was
rapidly thawed at 37 °C, filtered with 0.45 pm filter, and was
ready for intraovarian infusion. To confirm the production of
PRP and PL, Platelet (PLT) count was performed before and
after the performance of the production protocol.

Growth factors quantification

The growth factor content of peripheral blood, PRP,
and PL were quantified using commercial ELISA kits. The
determination of TGF-f1, PDGF-AA, PDGF-BB, FGF, VEGF-A,
and HGF with the ELISA method was performed following the
manufacturer’s instructions (OriGene Technologies, Rockville,
MD, USA).

Intraovarian infusion of PL

All participants discontinued the Hormone Replacement
Therapy (HRT) for at least 6 months before the initiation of
the study. Transvaginal ultrasound monitoring was used to
guide properly the intraovarian infusion of PL. Briefly, in each
ovary, an intramedullary injection of 1 ml PL was performed
using a 17-gauge single-lumen needle, on multiple sites. After
the injections, participants remained in the supine position
for 15 min, before leaving the maternity clinic.
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Follow up monitoring

The assessment of the PL intraovarian infusion in
rejuvenating the ovarian function included a two-month
follow-up monitoring. Biochemical examination of the levels
of FSH, LH, AMH, and E2 was performed for two constitutive
menstrual cycles. All hormone levels were determined on day
3 of the menstrual cycle. A positive outcome was considered
in the classification of participants as non-POR, POI, or pre-
menopause. Also, the regularity of the menstrual cycle was
considered during the study enrollment.

Statistical analysis

Statistical analysis was performed using the GraphPad
Prism v.6.0.1 (GraphPad Software, San Diego, CA, USA).
Data were analyzed using non-parametric tests, such as the
Kruskal Wallis and Matt-Whitney test. Statistically significant
differences between values were considered when the
p - value was less than 0.05. All values were presented as mean
+ standard deviation.

5,

Results

Evaluation of PL production protocol

The peripheral blood sample (20 ml) was efficiently taken
from all participants, which led to the successful production of
PRP and eventually PL. Specifically, the volume of the obtained
PRP was 6.7 + 0.9 mL, which resulted in the production of 3.9
+ 0.7 mL of filtered PL. Moreover, the average PLT count of all
participants was 192 + 31 x 103 / uL, 1107 + 110 x 103 / puL,
and 28 + 13 x 103 / uL, for the peripheral blood, PRP and PL,
respectively (Figure 1). The PLT recovery in PRP was 64%.
Statistically significant differences were observed between
the volume and PLT concentration between peripheral blood,
PRP, and PL samples (p < 0.001).

The growth factor content of PL was determined using the
ELISA method. Specifically, the levels of TGF-b1 were 644 +
115 pg/ mL, 2493 + 478 pg/mL, and 6372 + 564 pg/mL for the
peripheral blood, PRP and PL samples (Figure 1). The levels
of PDGF-AA were 410 + 113 pg/mL, 1014 + 150 pg/mL, and
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Figure 1: Quality characteristics of PL involved the determination of volume and PLT count (A) and the biomolecule content quantification (B),
in peripheral blood, PRP, and PL samples. Volume determination (A1) and PLT count in peripheral blood (A2), PRP, and PL samples from all
participants. Statistically, significant differences were observed between the volume and PLT concentrations between peripheral blood, PRP, and PL

samples (p < 0.001). The quantification involved the determination of TGF-B1 (B1), PDGF-AA (B2), PDGF-BB (B3), FGF (B4), VEGF-A (B5), and
HGF (B6). Kruskall-Wallis test indicated statistically significant differences between the peripheral blood, PRP, and PL with respect to TGF-B1 (p <
0.001), PDGF-AA (p < 0.001), PDGF-BB (p < 0.001), FGF (p < 0.001), VEGF-A (p < 0.001) and HGF (p < 0.001).
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4014 + 574 pg/mL, the levels of PDGF-BB were 319 + 127 pg/
mL, 1650 pg/mL and 5288 + 467 pg/mL, the levels of FGF
were 171 * 26 pg/mL, 620 * 114 pg/mL and 843 * 85 pg/mlL,
for the peripheral blood, PRP and PL samples, respectively
(Figure 1). The levels of VEGF-A were 207 + 44,536 + 107, and
870 * 54 and the levels of HGF were 160 + 38, 436 + 67, and
882 + 73 pg/mL for the same samples (Figure 1). Statistical
analysis revealed significant differences for all growth factors
between peripheral blood, PRP, and PL samples (p < 0.001).

Evaluation of the improvement of ovarian function

A total of 10 women with the diagnosis either of POI or
POR, were recruited for this study. The mean age of the
participants was 43 + 4 years and the BMI was 25 * 3 kg/
m? In addition, all participants failed to conceive either
after IVF, ICS], or IUI, in the past (Table 1). Furthermore, to
evaluate the impact of PL on ovarian function rejuvenation,
determination of serum hormone levels of FSH, LH, E2, and
AMH were determined prior to the PL injection and within the
1st, 2" and 3" month post-PL injection. Specifically, the levels
of FSH were 27.4 + 6.7 mIU/mL, 16.5 + 2.7 mIU/mL, 20.3 *
4.1 mIU/mL, and 21.3 * 4.7 mIU/mL, prior to PL injection,
and after the 1%, 2 and 3™ month, respectively (Figure 2,
Table S1 and S2). The levels of LH were 17.6 + 1.8 mIU/mL,
13.1 + 1.4 mIU/mL, 8.7 + 1.6 mIU/mL, and 11.5 + 1.3 mIU/
mlL, for the same period of time (Figure 2, Table S1 and S2).
The levels of E2 were 42.8 + 4.4 pg/mL, 119.4 + 5.5 pg/mlL,
58.8 + 3.7 pg/mL and 47.1 + 3.8 pg/mL and the levels of AMH
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were 0.31 + 0.05 ng/mL, 0.51 + 0.06 ng/mL, 0.45 = 0.04 ng/
mL and 0.37 + 0.06 ng/mL, prior and post PL injection (1%,
2" and 3¢ month), respectively (Figure 2, Table S1 and S2).
Elevation of all hormone levels was observed within the 1%
month, after the intraovarian PL injection in all participants.
A gradual decrease of all hormone levels was observed in all
participants, after the 2" and 3™ month (Table S1 and S2).
Statistically significant differences were observed in FSH
(p=0.036),LH (p<0.001),E2 (p <0.001),and AMH (p <0.001)
before and after the intraovarian PL injection. Importantly,
besides the elevation of the serum hormone levels, 4 out of 10
participants successfully conceived naturally or after the IVF
cycle, which resulted in successful live births (Table 1).

Discussion

In the present study, we encouraged to evaluate the
possibility of ovarian function rejuvenation after intraovarian
autologous PL injection. The whole study involved 10 cases
with diagnosed POI or POR, who have failed previously
for successful conception either under natural or assisted
reproduction way. For this purpose, peripheral blood

Table S1: Determination of serum hormone levels before and after the PL injection.
Prior PL 1s*month | 2" month | 3" month

Hormones L p - value
injection post post post
FSH (mlU/mL) | 27.4+6.7 | 16.5+27 | 20.3+4.1 21.3+4.7 <0.036
LH (mlU/mL)  176+18 13.1%+1.4 8.7+16 11.5+1.3 <0.001
E2 (pg/mL) 428+44 | 119455 588+37 47138 <0.001
AMH (ng/mL) 1 0.31+0.05| 0.51+0.06 0.45+0.04 0.37+0.06 <0.001
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Figure 2: Determination of FSH, LH, E2, and AMH serum hormone levels. The levels of FSH (A), LH (B), E2 (C), and AMH (D) were determined

before the PL injection and after the 1%, 2", and 3<-month post-injection. Statistically significant differences were observed between FSH (p = 0.036),
LH (p < 0.001), E2 (p < 0.001), and AMH (p < 0.001) prior to and post the PL injection.
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Table S2: Clinical features of all participants enrolled in this study. Serum hormone levels of FSH, LH, E2 and AMH were determined prior the PL injection and after the 1¢t, 2
and 3™ month after the PL injection.

FSH (mIU/mL) LH (mIU/mL) E2 (pg/mL) AMH (ng/mL)

st znd st 2nd st znd st 2nd 3rd

Part. Prior PL 3" month  Prior PL 3" month| Prior PL 3" month | Prior PL

L month = month L month month L month = month L month  month = month

No injection post | injection post injection post injection
post post post post post post post post post
1 19.1 15.4 16.7 16.0 18 12.25 7.38 10.23 45.2 127.2 65.4 51.1 0.34 0.51 0.45 0.32
2 18.3 14.2 16.4 15.0 17.45 11.2 8.35 10.5 40.2 110.3 60.2 50.4 0.23 0.42 0.4 0.29
3 35.2 13.2 14.3 15.4 17.68 | 13.23 6.59 12.8 47.8 115.8 55.3 49.8 0.27 0.45 0.43 0.29
4 25.1 19.3 21.2 231 16.45 | 11.25 8.75 11.9 39.8 119.4 57.8 443 0.31 0.49 0.42 0.38
5 27.2 19.5 23.8 25.1 17.79 | 15.82 8.37 11.8 374 122.6 53.4 42.8 0.38 0.54 0.5 0.44
6 24.5 12.6 18.9 201 21.42 12 6.42 9.85 421 124.5 54.2 46.4 0.39 0.55 0.51 0.42
7 23.2 14.3 16.7 18.4 19.87 14 10.56 12.43 43.2 126.4 62.8 44.3 0.29 0.52 0.47 0.41
8 26.7 19.2 23.1 246 16.54 | 14.78 11.42 10.56 35.6 117.6 60.1 39.8 0.26 0.44 0.38 0.32
9 35.1 19.4 26.5 28.2 15.54 | 13.27 10.21 14.42 47.9 118.4 62.3 49.6 0.33 0.59 0.53 0.42
10 39.4 18.6 256 27.2 15623 | 12.23 9.85 10.53 49.4 112.0 57.3 51.7 0.32 0.58 0.48 0.45

Table 1: Clinical features of all participants enrolled in this study. 40% of the participants got pregnant either with natural conception or after the IVF cycle.

Successful Pregnancy

Successful Pregnancy

- o . .
Participant No Age (years) BMI (kg/m?) {prior PL injection) No previous ART failure (post PL injection)
43 23.12 Negative IVF: 1 Negative
2 48 32.01 Negative IVF:3 Negative
36 28.74 Negative ICSI:2 Positive (with natural conceive)
4 39 25.32 Negative Il\l/J'I:12 Negative
. IVF:6 -
5 48 24.78 Negative Ul4 Positive (after IVF cycle)
. IVF:5 "
6 44 26.75 Negative ICSI:2 Positive (after IVF cycle)
. IVF:1 "
7 44 25.34 Negative UI-2 Positive (after IVF cycle)
8 41 21.83 Negative IVF:3 Negative
. IVF:2 .
9 40 22.76 Negative ICSI:3 Negative
10 44 24.12 Negative 'I\l’jff Negative
ICSI: Intracytoplasmic Sperm Injection, [UI: Intrauterine Insemination.

samples were acquired from each participant, to produce the
PL enriched in growth factors, to be used for intraovarian
infusion. Before, the administration of PL, an analysis of the
quality characteristics was performed to clearly indicate
the absence of PLTs and the presence of platelet-derived
growth factors. Indeed, using the ELISA method, it was
determined that autologous PL was a rich source of TGF-f1,
PDGF-AA/ BB, FGF, VEGF-A, and HGF. In the past, peripheral
blood derivatives, such as PRP and PL, have been shown to
exert key regeneration properties in several applications
[31-38]. Moreover, PL offers the advantage of storage at low
temperatures for more than a month, without altering the
growth factor content. In this way, the mean waiting time
of each participant at the clinic was significantly reduced,
inducing less anxiety and stressful events, which may further
negatively impact the disease pathogenesis.

The intraovarian PL infusion was performed with
ultrasound assistance, and no side effects or severe pain
was reported by the participants either during or after the
PL injection or within the 3 months follow-up. Considering
the obtained data, in all cases it was observed a decrease in
FSH and LH with a parallel increase of E2 and AMH within
the 1°* month of follow-up. However, the elevated hormone

https://doi.org/10.29328/journal.cjog.1001153

levels started to decrease after the 2* month. In 3 month the
hormone levels tended to reach the initial ones (prior to the PL
injection), suggesting possibly a 2" intraovarian PL injection
may be required, to retain the hormones at higher levels.
However, during this study, participants were encouraged to
perform sexual intercourse, which resulted in one pregnancy.
Within the 3-month follow-up period, 3 more pregnancies
were detected after IVF monocycle. In this way, following the
PL injections, 40% of the participants conceived successfully
and also gave birth to physiological infants. The beneficial
impact of PL injection in ovarian function restoration has
been also confirmed by previously performed studies by our
group [20] and also by Pantos et. al [39,40]. The fact that all
participants experienced elevated hormone levels during
the performance of this study, clearly showed that PL had a
beneficial effect in ovarian function restoration mechanism.

Indeed, the PL growth factors, such as TGF-B1, PDGF-
AA/ BB, FGF, VEGF-A, and HGF play major roles in tissue
regenerationand wound healing. Itis known that the molecular
network responsible for angiogenesis has been significantly
disrupted in women with POI or POR [41-43]. In this way,
the exogenous administration of PDGF-AA/BB, VEGF-A, and
TGF-B1 may result in the activation of the angiogenesis and
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neo-angiogenesis, thus the ovarian function may be improved
and hence can better support the production oflarge ovulatory
antral follicles [41,44].

Furthermore, in our study after the intraovarian PL
administration in women with POR or POI and following a
three-month examination, it was observed that the hormone
levels in most of the women restored to normal levels. This
may suggest that the PL growth factors, besides the impact
they may have stimulating specific intracellular signaling
pathways (e.g. proliferation, migration, protein secretion),
may also positively affect the neuroendocrine system of
the Hypothalamus Pituitary Adrenal (HPA) axis [45]. This
phenomenon is further confirmed by other researchers in
the field. Indeed, Mikhael, et al. [45] have reported that this
set of growth factors besides the direct impact on ovarian
function, can also positively influence the HPA axis, to induce
better control of the FSH, LH, E2, and AMH levels. However, to
date, the exact mechanism by which PL can affect the HPA axis
system has not been comprehensively clarified [8,20]. More
experimental procedures involving the use of animal models,
in order to obtain representative tissue biopsies, are required
to be performed, to acquire safe conclusions.

In addition, the presence of a high concentration of
the HGF was also confirmed in the injected autologous PL
samples, suggesting possibly the existence of a broader
immunomodulatory mediated mechanism for ovarian function
restoration [34]. Indeed, HGF is a potent immunomodulatory
molecule, which can tolerate the overactivated immune
responses exerted by the stimulated M1 macrophages, Th1
cells, Dendritic Cells (DCs), and B cells. In this way, HGF
alongside other immunoregulatory biomolecules, such as
galectins, and indoleamine 2,3 dioxygenase may favor the
anti-inflammatory responses in infertile women, which
their condition may further be related to the presence of
autoimmune disorders (e.g. Thyroid autoimmunity) or
other idiopathic reasons related to the adaptation of an
inflammatory microenvironment. However, the production
of functional primordial follicles represents a complex
procedure, where other factors including daily stress, way of
life (healthy nutrition, exercise, absence of smoking), working
hours as well as the genetic background (e.g presence
of mutations or epigenetic alterations) and underlying
disorders may influence either positively or negatively the
mitotic activity of the primordial follicles [10-14]. For this
reason, in the near future, more studies should be performed,
which will include both the individual’s genetic background
accompanied by the evaluation of the hormone levels, to
better decipher the POR or POI pathogenetic mechanism. By
acquiring more data for the abovementioned disorders, the
clinicians may precisely develop better therapeutic strategies,
considering also the PL benefits, for women with POR or POI
who want to have their genetic offspring. This further brings
personalized medicine one step closer to its clinical utility,
thus significantly improving the way of life of couples with
difficulties in successful conception.

https://doi.org/10.29328/journal.cjog.1001153
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Considering the data presented herein, the intraovarian PL
injection has a positive impact on ovarian function restoration
in women with diagnosed POR or POIL. However, the proper
preparation and administration of peripheral blood products,
such as PRP and PL is strongly suggested to be performed in
licensed laboratories with well-trained physicians. Moreover,
the PL production process is considered under the term of
21 CFR “minimally manipulation”, which involves only the
centrifugation and freeze/thawing step for its preparation
[20]. On the contrary, PRP requires the initial activation of
the contained PLTs to release the growth factors, utilizing
exogenous factors, such as calcium gluconate, batroxobin,
and others. In return, the use of exogenous factors may result
in an altered PLT activating profile, resulting in variations in
growth factor levels. On the other hand, PL is considered a
safer and equally effective solution compared to PRP, where
no exogenous activating factors are required, thus further
fulfilling the requirement of “minimally manipulated” therapy,
outlined by 21 CFR. Moreover, in order to acquire the best
outcome for the participants, a few important parameters,
such as the PLTs concentration and the growth factor levels in
the produced PL, should be verified before the administration
to the patients.

Conclusion

In conclusion, the intraovarian autologous PL infusion
is considered a safe, and tolerable approach to promote the
rejuvenation of ovarian function. However, more research
studies are required, to decipher completely the underlying
mechanism of ovarian function rejuvenation, which represents
the “holy grail” of reproductive medicine. Undoubtedly, PL
should be considered an effective “off-the-self” therapeutic
approach with encouraging results in women with infertility
issues.
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