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Abstract

Culturing of mesenchymal stem cells (MSCs) for different cell therapies requires advancements to ena-
ble routine application in clinical environments. The primary concern pertains to the utilization of rea-
gents derived from animals, particularly the incorporation of fetal bovine serum (FBS) into the culture
medium. The human platelet lysate (HPL) has emerged as an excellent supplement for a viable animal-
free alternative and MSC culture. Most of the researchers focused on the proliferation rates of cells
grown with FBS and HPL. Moreover, the HPL was able to enhance the secretion of vascular endothelial
growth factor and maintain the immunomodulatory function of various cell types. This mini-review
presents novel contributions from recent papers, highlighting the superior efficacy of HPL over FBS,
which may facilitate the scientific community's shift towards cellular growth for various clinical appli-
cations.
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L. Introduction 2. Platelet lysate production and composition

The application of mesenchymal stem cell (MSC) ther-
apies is contingent upon implementing standardized in
vitro expansion protocols. Compliance with the regula-
tions established by the European Medicines Agency is
essential for the manufacturing of MSC products in-
tended for clinical use [1]. Traditionally, Fetal Bovine
Serum (FBS) has been the standard for cell expansion;
its use is associated with concerns regarding xenoim-
munization, the transmission of pathogens, and ethical
considerations surrounding its collection [2]. This situ-
ation has catalyzed a heightened interest in alterna-
tives such as Human Platelet Lysate (HPL), which is a
rich source of bioactive molecules. The preference for
pooled HPL over FBS in regenerative medicine is influ-
enced by the potential risks of viral and prion infec-
tions and their implications for immune responses dur-
ing MSC culture [3]. Innovative MSC expansion strate-
gies are essential, especially through the incorporation
of HPL. Although numerous studies indicate favorable
outcomes, obstacles persist regarding disease trans-
mission and cellular proliferation [4]. In this mini re-
view, we seek to provide the most recent studies on the
application of HPL in cell culture systems, showcasing
the advantages of HPL over FBS.

Platelet lysate (PL) is typically obtained from fresh
anti-coagulated blood. Briefly, anti-coagulated blood is
subjected to mild centrifugation, allowing for the sepa-
ration of Platelet Rich plasma (PRP) from the hemato-
crit. Next, the PRP is processed through freeze thaw cy-
cles, following by another round of hard centrifugation
and filtration. The resulting product from this filtration
is referred as PL [5]. In addition to the abundance of
plasma proteins, electrolytes, and minerals, PL con-
tains a variety of growth factors (Platelet derived
growth factors (PDGF), Insulin like growth factor (IGF-
1) and Tissue growth factors (TGF-f), Vascular Endo-
thelial growth factor (VEGF) and Epidermal growth fac-
tors (EGF). It is noteworthy that the repeated freeze
thaw cycles of PRP lead to significant disruption of
platelet structure, making PL superior to FBS and PRP
due to its enhanced stability and better growth factors
profile [6].

The main component identified in the PL is Platelet de-
rived growth factor (PDGF), a key protein that resides
in the a-granules of platelets. The PDGFR functions as a
receptor for PDGF and is integral to the process of cel-
lular differentiation, proliferation and migration, which
are essential for embryonic development and healing
of tissue damage [7]. Another significant growth factor
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prevalent in PL is Vascular endothelial derived growth
factor (VEGF), which primarily facilitates angiogenesis.
Unlike FBS, the PLis rich in VEGF, thereby validating its
preference for widespread applications in regenerative
medicine [8]. Platelet derived transforming growth fac-
tor beta (TGF-f) is also abundantly present in PL, as it
promotes cellular proliferation through the deposition
of extracellular matrix and supporting in the differenti-
ation of cells to chondrogenic lineages [9, 10]. Insulin
like growth factors (IGFs) serve as another component
of PL. They promote overall cell growth and survival,
and specifically facilitate the transformation of cells
into osteoblasts through the process of collagen syn-
thesis [11]. Apart from the previously discussed
growth factors, PL is rich in a variety of minerals, ions,
proteins and substances that encourage growth.

3. Platelet lysate use in cell culture systems

There is undeniable fact that FBS maintains its position
as well-established cell culture supplement, however,
due to concerns regarding animal welfare, the trans-
mission of zoonotic disease and other factors as out-
lined in Table 1, PL is highly preferred and recom-
mended as a cell culture supplement. When compared
with FBS, incorporation of autologous PL in MSCs cul-
ture did not adversely impact cellular proliferation and
viability, but instead augmented their genetic potential
for multilineage differentiation [12]. To fully leverage
PL, Rashid et al. have advocated the utilization of autol-
ogous PL for the in vitro culture of MSCs. In this study,
the treatment groups enriched with 7.5% and 10% au-
tologous PL exhibited significantly improved (p <
0.001) cellular viability, growth, PDGF profile and cell
migration in comparison to the treatment groups that
received same doses of FBS [13]. Moreover, another
study illustrated how stem cells harvested from Whar-
ton’s jelly grow more efficiently and rapidly than those
sourced from umbilical cord blood in a 100% to 60%
ratio of HPL [14]. In HPL culture, the cells show a shiny,
small, and round morphology and proliferate faster
[15], whereas in FBS culture, the cells are larger, more
diverse, and proliferate more slowly. Not only for the in
vitro culture, but the utilization of HPL for cell growth
is beneficial for regenerative purposes, as it is econom-
ical, safe, and has strong proliferative properties [15].
A recent study explored the importance of heparinized
HPL in the MSC differentiation protocol in which the
authors indicated that both types of HPL, regardless of
the presence of heparin, promote osteoblast prolifera-
tion, viability, and mineralization required for hydrox-
yapatite formation, facilitate rapid population dou-
bling, and simultaneously enhance the efficiency of os-
teoblast culture for therapeutic uses. Notably, the addi-
tion of heparin to HPL enhanced osteogenic markers in
cultured osteocytes, emphasizing the need to modify
formulations to meet different clinical specifications
[16].

In another research, human umbilical vein endothelial
cells (HUVEC) were used with HPL, indicating that the
use of HPL is both a cost-efficient and proficient means
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for enhancing the proliferation of endothelial cells,
while also holding significant potential for research
and therapeutic applications. Additionally, the efficacy
of HPL surpassed that of commercial proliferative me-
dia, allowing these cells to be maintained in culture for
a long period [17]. Furthermore, Wendland et al. [18]
significantly advanced the field of platelet derivatives
by devising a method for the production of Lyophilized
HPL (L-HPL). Their evaluation of L-HPL against fresh
HPL indicated no significant discrepancies in quality
control parameters, concentrations of growth factors,
or functionality of hMSCs, thus affirming lyophilized
HPL's viability as a cell culture supplement. These re-
sults highlight the potential of lyophilized HPL as a sus-
tainable and ethical alternative to animal serum in bio-
medical research and drug development. According to
Lim et al. [19] the method used for preparation plays a
crucial role in influencing the biological properties of
HPL and the effectiveness of MSC culture. The addition
of calcium chloride for HPL production [15], serve as a
promising results in the umbilical cord derived MSC
size, and overall morphology as compared to fibrino-
gen depleted HPL and FBS in the field of regenerative
medicine. This investigation emphasizes the critical na-
ture of preparation methods in the optimization of HPL
for cell culture and therapeutic use, suggesting that the
mechanical method could lead to a reduced quantity of
growth factors as a result of damage sustained during
freezing and thawing. Based on the essential role of
platelets in tissue repair, HPL’s richness in bioactive
components has increasingly found its way into regen-
erative medicine and clinical practices. The major limi-
tation of HPL use in MSC differentiation is the lack of
their standardization in manufacturing and cytokines,
growth factors, minerals and vitamins presence. As
early as 2019, the International Society of Blood Trans-
fusion (ISBT) Cell Therapy Working Group issued a po-
sition statement regarding the production and quality
criteria for HPL (summarized in Figure 1) [20]. Conse-
quently, the diverse benefits of HPL render it essential
for the progression of regenerative therapies.

Whaole Blood

l

*  Autologous Blood or
*  Allogeneic Blood or
* Platelet Concentrate

l

¢ Platelet Rich Plasma

l

*  Freeze Thaw Cycle or
*  CaClyThrombin activation

l

Centrifugation and filteration 0.22
um for use in cell culture or for
regenerative medicine

Figure 1 Preparation procedure of allogeneic/autologous
platelet concentrate and platelet lysate.
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Table 1 Comparative features between FBS and HPL.

Characteristics/

Fetal Bovine Serum (FBS)
Features

Human Platelet Lysate (HPL)

Extracted from the blood of bovine fe-
tuses obtained during the slaughter pro-
cess

Origin/source

Developed from pooled human blood platelets, confirming
that it is a xeno-free, or animal product-free, supplement that
is appropriate for clinical therapies.

A sophisticated blend comprising more
than 1,000 distinct components, which
encompasses a diverse range of growth
factors, proteins, hormones, and vita-
mins

Composition

This formulation features a highly concentrated combination
of human-specific growth factors, hormones, and proteins
that are naturally liberated from lysed platelets. Notable con-
stituents include VEGF, IGF-1, TGF-f3, and PDGF

Generally demonstrates a more stable
. composition and established quality as-
Consistency p 1 . v

surance measures as a result of its ex-

tensive utilization in research

Possibility of high variability from batch to batch due to the
pooled sources from human donors; however, this can be ad-
dressed by employing standardized production method

Includes foreign, xenogeneic proteins
that may elicit an immune response
when cells cultured in it are utilized in
clinical application

Immunogenicity

Presents a reduced likelihood of inducing an immunological

reaction, particularly in allogeneic contexts involving human

cells. Although allogeneic hPL may still pose certain risks, it

is typically regarded as a safer alternative to FBS for human
cell therapy

There exists a potential risk of transmit-

Pathogen risk . L
ting zoonotic disease

As a product derived from humans, it poses a risk of trans-
mitting infectious diseases, including HIV, hepatitis B, and C,
despite the implementation of stringent testing protocols de-

signed to reduce this risk

The production of this raises considera-
ble ethical issues pertaining to animal
welfare

Ethical concerns

It encompasses ethical considerations concerning consent
and the possible health risks faced by human blood donor

Facilitates the growth and proliferation
of cells, yet is frequently surpassed by
hPL when it comes to human cell

Cell proliferation

Typically exhibits enhanced proliferative effects on hMSCs in
comparison to FBS, allowing for more rapid expansion

Typically accommodates a more stand-

Cell morphology ard cell size and shape

It can encourage a distinct cell morphology in comparison to
FBS, frequently leading to smaller, more elongated cells

Exhibits well-documented and effective,
albeit occasionally less potent, effects in
comparison to hPL for certain human
applications

Functional prop-
erties

Demonstrates the ability to preserve or improve essential
cellular characteristics, including differentiation potential
and immunomodulatory functions, across a range of human
cell types

It is readily and consistently obtainable
from various suppliers, rendering it a
dependable and typically more afforda-
ble choice for fundamental research

Cost and availa-
bility

The production process can be intricate and expensive and
may have restricted commercial availability, contingent upon
the supplier and the manufacturing method

5. Conclusion

This mini review presents reviews and original re-
search articles that illuminate the progress made in
stem cell development using PL, paving the way for fu-
ture regeneration studies. PL provides a safer, more
ethically responsible, and frequently more effective al-
ternative to FBS, especially when cultivating human
cells for clinical and therapeutic applications, owing to
its human origin and high, consistent levels of regener-
ative growth factors. Nevertheless, the challenges asso-
ciated with the production and application of PL must
not be overlooked. Currently, the range of PL applica-
tions is extensive for autologous regenerative pur-
poses; however, for large-scale in vitro use, it requires

the establishment of widespread standardized proto-
cols and validation. The production of PL on a large
scale, along with the consistency across different
batches and the applications of both autologous and al-
logenic types, calls for further exploration to identify
their potential future uses in research and translational
medicine. Nonetheless, as we investigate the inherent
complexities of stem cell biology and its applications,
cell growth and Good Manufacturing Practices (GMP)
are critical to fully realizing the capabilities of this
groundbreaking field. With careful handling of the sci-
entific, ethical, and regulatory frameworks, stem cell
research has the potential to open new horizons in
medicine and improve the quality of life for countless
people around the world.



Sandhu et al. Adv. Cell 2025; 1: 008

Author Contributions

The tasks of conceptualization, writing, and the prepa-
ration of the original draft were carried out by ES and
MAS. Both authors have reviewed and consented to the
final version of the manuscript.

Conflict of Interest Statement

Not Applicable.

Data Availability Statement

The main manuscript file contains all the necessary
data.

References

1.

10.

Zhao Q, Han Z, Wang ], Han Z. Development and
investigational new drug application of mesenchymal
stem/stromal cells products in China. Stem cells
translational medicine. 2021;10:518-S30.

Lee SY, Yun SH, Jeong JW, Kim JH, Kim HW, Choi JS, et al.
Review of the current research on fetal bovine serum
and the development of cultured meat. Food science of
animal resources. 2022;42(5):775.

Guiotto M, Raffoul W, Hart A, Riehle M, Di Summa P.
Human platelet lysate to substitute fetal bovine serum in
hMSC expansion for translational applications: a
systematic review. Journal of translational medicine.
2020;18(1):351.

Mareschi K, Marini E, Niclot AGSB, Barone M, Pinnetta G,
Adamini A, et al. A new human platelet lysate for
mesenchymal stem cell production compliant with good
manufacturing practice conditions. International Journal
of Molecular Sciences. 2022;23(6):3234.
Khongjaroensakun N, Paisooksantivatana K,
Santiwatana S, Tawonsawatruk T, Kusolthammarat K,
Kadegasem P, et al. A simple and applicable method for
human platelet lysate preparation using citrate blood.
Laboratory Medicine. 2022;53(5):e109-e112.

da Fonseca L, Santos GS, Huber SC, Setti TM, Setti T, Lana
JE. Human platelet lysate-A potent (and overlooked)
orthobiologic. Journal of clinical orthopaedics and
trauma. 2021;21:101534.

Sun Z, Fukui M, Taketani S, Kako A, Kunieda S, Kakudo N.
Predominant control of PDGF/PDGF receptor signaling
in the migration and proliferation of human
adipose-derived stem cells under culture conditions
with a combination of growth factors. Experimental and
Therapeutic Medicine. 2024;27(4):156.

Zhao H, Li M, Ouyang Q, Lin G, Hu L. VEGF promotes
endothelial cell differentiation from human embryonic
stem cells mainly through PKC-g/n pathway. Stem Cells
and Development. 2020;29(2):90-99.

Wang M-K, Sun H-Q, Xiang Y-C, Jiang F, Su Y-P, Zou Z-M.
Different roles of TGF-f in the multi-lineage
differentiation of stem cells. World journal of stem cells.
2012;4(5):28.

Liu S, Ren], HuY, Zhou F, Zhang L. TGFf family signaling
in human stem cell self-renewal and differentiation. Cell
Regeneration. 2024;13(1):26.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Page 4 of 5

Yan L, Zhou L, Yan B, Zhang L, Du W, Liu F, et al. Growth
factors-based beneficial effects of platelet lysate on
umbilical cord-derived stem cells and their synergistic
use in osteoarthritis treatment. Cell death & disease.
2020;11(10):857.

Lei T, Liu Y, Deng S, Xiao Z, Yang Y, Zhang X, et al.
Hydrogel supplemented with human platelet lysate
enhances multi-lineage differentiation of mesenchymal
stem  cells. Journal of  Nanobiotechnology.
2022;20(1):176.

Rashid U, Saba E, Yousaf A, Tareen WA, Sarfraz A, Rhee
MH, et al. Autologous platelet lysate is an alternative to
fetal bovine serum for canine adipose-derived
mesenchymal stem cell culture and differentiation.
Animals. 2023;13(16):2655.

Arutyunyan I, Elchaninov A, Makarov A, Fatkhudinov T.
Umbilical cord as prospective source for mesenchymal
stem cell-based therapy. Stem cells international.
2016;2016(1):6901286.

Attaelmanan GA, Khalil HB. Assessment of Umbilical
Cord Mesenchymal Stem Cell Cultivation Using Fetal
Bovine Serum or Platelet Lysate. Cureus.
2025;17(1):e78044.

Kamaruddin MR, Baharuddin BZ, Ratha Manaalan N,
Wong YL, Hassan MNF, Abdul Aziz S, et al. Effect of
Different Forms of Human Platelet Lysate on the
Proliferation and Phenotype of Human Osteoblasts.
Applied Sciences. 2025;15(4):2074.

Duarte Rojas JM, Restrepo Munera LM, Estrada Mira S.
Evaluation of Platelet Lysate-Based Medium and Protein
Substrate for HUVEC Culture and Expansion.
Biomedicines. 2025;13(5):1187.

Wendland K, Koblin L, Stobbe D, Dahms A, Singer D,
Bekeschus S, et al. Lyophilized human platelet lysate:
manufacturing, quality control, and application.
Frontiers in Cell and Developmental Biology.
2025;13:1513444.

Lim YT, Barathan M, Tan YL, Lee YT, Law ]X. Calcium
Chloride vs. mechanical preparation of fibrinogen-
depleted human platelet lysate: implications for
umbilical cord mesenchymal stem cell culture. Life.
2024;15(1):12.

Ho WF, Wan CC, Chan KW, Hui P. Human platelet
transfusion: a narrative review. Annals of Blood.
2025;10.

Yeh HC, Gupta K, Lu Y-H, Srinivasan A, Delila L, Yen NTH,
et al. Platelet Extracellular Vesicles as Natural Delivery
Vehicles for Mitochondrial Dysfunction Therapy? ACS
Biomaterials Science & Engineering. 2025;11(5):2601-
2621.

LinY, Lin H, Huang M, Liu K. Advancing the Development
of Innovative Human Platelet-Derived Exosomes for
Enhanced Therapeutic Applications. Cytotherapy.
2025;27(5):S85.

Wakamoto S, Furukawa T, Kawabori M, Akino M, Kato S,
Fuse H, et al. Human platelet lysate produced from
leukoreduction filter contents enables sufficient MSC
growth. Stem Cell Research & Therapy. 2025;16(1):205.
Zhang H, Li D, Zheng W, Hua ], Chen Z, Xu W, et al.
Enhancing Cartilage Repair in Osteoarthritis Using



Sandhu et al. Adv. Cell 2025; 1: 008 Page 5 of 5

Platelet Lysates and Arthroscopic Microfracture. Drug
Design, Development and Therapy. 2025:3827-3843.



