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Double-Spin Leukocyte-Rich Platelet-Rich Plasma Is ~®
Predominantly Lymphocyte Rich With Notable
Concentrations of Other White Blood Cell Subtypes

Anuj Marathe, B.B.A., Shiv J. Patel, B.S., Bo Song, M.D., Joseph M. Sliepka, M.D.,
Theodore S. Shybut, M.D., Brendan H. Lee, M.D., Ph.D., and Prathap Jayaram, M.D.

Purpose: To comprehensively characterize a double-spin leukocyte-rich platelet-rich plasma (LR-PRP) formulation and
to compare it with whole blood (WB) by quantitatively assessing platelet and WB cell subtype concentrations in each.
Methods: Prospective human ex vivo analysis with 12 healthy adult men with ages ranging from 25 to 31 was
performed in a controlled laboratory setting. The main outcome measure was the leukocyte profile of human LR-PRP.
Results: In LR-PRP, lymphocytes were the predominant WB cell type (11.94 + 2.97 x 10> cells/uL) followed by
neutrophils (3.72 £ 1.28 x 10> cells/uL). The mean cumulative percentage of granulocytes was 23% =+ 8% and agran-
ulocytes was 77% =+ 18%. There was a significant difference observed between granulocyte and agranulocyte percentage
within both WB (P = .004, [95% CI: (7%,31%)]) and LR-PRP (P < .0001, [95% CI: (42%,66%)]) groups. In addition,
there was a significant difference observed between the WB and LR-PRP granulocyte percentages (P < .0001, [95% CI:
(29%,43%)]) and between the WB and LR-PRP agranulocyte percentages (P < .0001, [95% CIL (30%,42%)]).
Conclusions: Our study found that LR-PRP is predominantly lymphocyte rich with notable concentrations of other WB
cell subtypes, including neutrophils, monocytes, eosinophils, basophils, and large unstained cells. While these subtypes are
not routinely reported, they may play a role in modulating the local inflammatory environment. We also found significant
differences in WB cell subtype concentrations between WB and LR-PRP. Clinical Relevance: PRP has been routinely
used in many clinical practices without clear indications for its use and lacks standardization in its formulation. This study
provides a comprehensive characterization of a broadly used PRP, LR-PRP, and further characterizes subtypes of WBC cells
present in LR-PRP that have not been previously reported. Comprehensively reporting these subtypes in clinical trials of
PRP is crucial to understanding how these cells participate in PRP’s therapeutic potential. This type of data can help
standardize future PRP formulations and improve patient outcomes.

Introduction
Autologous cell therapies, including platelet-rich
plasma (PRP), have become more prevalent in
recent years for the treatment of musculoskeletal injuries
and soft tissue diseases, such as lateral epicondylitis, knee
osteoarthritis, rotator cuff injury, and more." PRP is

defined as the processed liquid fraction of autologous
peripheral blood, which has a platelet concentration
above the baseline." It has been established, mainly
through preclinical data, that PRP’s therapeutic impact is
likely due to the abundant source of growth factors and
signaling molecules in PRP.” Clinically, there have been
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34 randomized control trials demonstrating PRP’s clinical
benefit in knee osteoarthritis.” Despite these encouraging
trials, there is significant heterogeneity in reporting PRP
formulations within these trials.’ Currently, PRP has been
classified into two broad groups: leukocyte-rich
PRP (LR-PRP) and leukocyte-poor PRP (LP-PRP).
Furthermore, LR-PRP has not been further delineated
among its various cell subtypes.

There are two distinct PRP preparation methods. The
first, often employed intraoperatively, uses continuous-
flow centrifuge bowl or disk separation techniques and
employs standard blood cell separators on autologously
harvested blood.' The second is used more in the point-of-
care setting and uses gravitational centrifugation to isolate
the buffy coat layer.' In brief, PRP is prepared by drawing
blood from the patient and centrifuging to separate its
components. Then, the supernatant is aspirated along
with the platelet-containing buffy coat layer and ho-
mogenized (single-spin) or put through another spin
(double-spin). If a double-spin protocol is used, the
platelets will pellet after the second spin. They can then be
homogenized with the upper or lower halves of the su-
pernatant to form leukocyte-poor and leukocyte-rich
PRP, respectively. After the PRP is isolated, it can be acti-
vated exogenously using calcium chloride, autologous
thrombin, type 1 collagen, or photo activation. It can also
be immediately injected into the site of interest for
endogenous activation.”” Activation causes platelet
degranulation, releasing growth factors that have impor-
tant downstream effects in restoring an environment for
optimal healing potential.*’

Historically, there has been little standardization
and consensus in the formulation of PRP products.
As such, it is possible that patients may have varying
responses to these products on the basis of their
individual biological profiles. While recent studies
have made improvements to the general classifica-
tion of PRP with regard to platelets, there is a lack of
research studying the effects that white blood cells
(WBCs) have on the healing process. Even most
classification systems only report the presence or
absence of WBCs in PRP without delineating specific
WBC subtypes. Given their unique cell contributions
that affect local healing and regeneration, compre-
hensively reporting WBC subtypes in clinical trials of
PRP is crucial to understanding how these cells
participate in PRP’s therapeutic potential. This type
of data can help standardize future PRP formulations
and improve patient outcomes. The purposes of this
study were to comprehensively characterize a
double-spin LR-PRP formulation and to compare it
to WB by quantitatively assessing platelet and WB
cell subtype concentrations in each. We hypothe-
sized that LR-PRP’s predominant subtype would
primarily be neutrophil rich compared to baseline
whole blood.
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Methods

Study Population

The research protocol in this study was approved by
the institutional review board at the institution where
the research was conducted (IRB protocol H-44684).
Healthy study participants were identified during clinic
visits. Exclusion criteria were the following: age less
than 18 or greater than 35, known comorbidities or
chronic disease, and history of tobacco, alcohol, or
substance use. Normal leukogram and platelet count
profile was required for inclusion. On the basis of these
criteria, 12 healthy adult men from ages 25 to 31 were
included. The rationale behind these criteria was
intentional in order to sample a more homogenous PRP
and avoid confounding from gender, age, chronic
disease, and substance use-associated factors.

Experimental Protocol

Blood draw was conducted at rest without the patient
having taken any medications. 30 mL of whole blood (WB)
was drawn from each participant into a syringe containing
3 mL of citrate dextrose anticoagulant solution, yielding a
total volume of 33 mL. .75 mL was used to obtain a com-
plete blood count (CBC), and the remaining 32.25 mL was
used to prepare the LR-PRP. We followed the manufac-
turer’s double-spin protocol for preparing the LR-PRP
(Smart-Prep PC-30; Harvest Terumo BCT). The first spin
lasts for 1-3 minutes ata speed of 2,500 &= 150 rpm, and the
second lasts for 6-9 minutes at a speed of 2,300 £ 150 rpm.
This system yields a final LR-PRP volume of ~4 mL. After
obtaining the LR-PRP, a CBC was obtained, and platelet
concentrations were verified using scatter cytogram and
platelet-integrated analysis (ADVIA 120 Hematology
Analyzer, Siemens).° In terms of WBC differential classi-
fication, granulocytes consist of neutrophils, eosinophils,
and basophils, while agranulocytes consist of lymphocytes,
monocytes, and large unstained cells (LUCs).

Analysis was carried out in the form of descriptive sta-
tistics, paired sample #-tests, and ANOVA using GraphPad
Prism and Microsoft Excel. Results are reported as
means + SD. Differences among groups were evaluated
with a 2-tailed ratio paired #-tests along with a reflex
analysis of effective pairing. Differences were accepted as
statistically significant at P < .05 [95% CI].

Power Analysis

Sample size was determined for the primary outcome
of assessing WBC subtypes in LR-PRP compared to
baseline whole blood. The null hypothesis is that there
is no difference in the primary outcome between LR-
PRP and WB. The alternative hypothesis is that there
is a difference in the primary outcome between LR-PRP
and WB. Sample size estimations were done on the
basis of statistical significance found in controlled lab-
oratory settings.®
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Results

Analysis

Our study population consisted of 12, healthy adult
male volunteers, aged 25 to 31. The mean age of the
participants was 27.91 4+ 3.12 years.

For the 12 WB samples collected, the mean platelet
concentration was 196.25 & 33.70 x 10° platelets/L.
For the 12 PRP samples, the mean platelet concentra-
tion was 1,391.67 + 275.07 x 107 platelets/pL (Fig 1).
This represents an ~7.09-fold increase in platelet
concentration from WB to LR-PRP (P < .0001, [95%
CIL: (1039,1351)].

The paired sample ¢-tests between WB and LR-PRP
groups demonstrated significant differences between
total white blood cells (WBCs) cells (P < .0001, [95%
CI: (10.74,14.73)]), neutrophil (P = .001, [95% CI:
(.59,1.72)]), basophil (P < .0001, [95% CI: (.12,.21)],
lymphocyte (P < .0001, [95% CI: (8.70,11.94)],
monocyte (P < .0001, [95% CI: (.62,1.02)], and LUC
(P < .0001, [95% CI: (.26,.38)] concentrations. Eosin-
ophil concentrations were not significantly different
[95% CI: (—.08,.005)].

Leukocyte Profile

In WB, neutrophils were the predominant WBC type
(2.56 + .68 x 10° cells/uL) followed by lymphocytes
(1.62 £ .45 x 10° cells/pL). In LR-PRP, lymphocytes
were the predominant WBC type (11.94 & 2.97 x 10’
cells/uL) followed by neutrophils (3.72 + 1.28 x 10’
cells/uL). The data from the leukocyte profile of the WB
and LR-PRP samples are summarized in Table 1. The
WBC makeup of WB and LR-PRP are represented
graphically in Fig 2.

Granulocytes Versus Agranulocytes

In WB, the mean cumulative percentage of gran-
ulocytes was 60% =+ 15%, and the mean cumulative
percentage of agranulocytes was 40% =+ 10%. In LR-
PRP, the mean cumulative percentage of granulocytes
was 23% =+ 8% and agranulocytes was 77% + 18%
(Fig 3). There was a significant difference observed
between granulocyte and agranulocyte percentage
within both WB (P = .004, [95% CI: (7%,31%)]) and
LR-PRP (P < .0001, [95% CI: (42%,66%)]) groups. In
addition, there was a significant difference observed
between the WB and LR-PRP granulocyte percentages
(P < .0001, [95% CI: (29%,43%)]) and between the
WB and LR-PRP agranulocyte percentages (P < .0001,
[95% CI: (30%,42%)]).

Discussion
The data from our study demonstrate that LR-PRP is
predominantly lymphocyte rich with notable concen-
trations of other WBC subtypes. There are also signifi-
cant differences in WB cell subtype concentrations
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between WB and LR-PRP. Although these subtypes are
not routinely reported in clinical trials, they may play a
role in modulating the local inflammatory environ-
ment. In trials that do report WBC subtypes for PRP,
there is an emphasis on neutrophils being the pre-
dominant cell type,” which differs from our results,
which showed a lymphocyte-predominant subtype in
LR-PRP. Our findings also show that the predominant
WBC subtype changes from neutrophils in WB to
lymphocytes in LR-PRP (Fig 2). Still, studies continue to
broadly categorize their leukocyte content without
providing complete subtype characterization. For
example, even within the 34 clinical trials of PRP in
knee OA, LR-PRP’s characterization, with the exception
of one trial by Wu et al.,” is limited to total leukocyte
content alone.” Even the few clinical trials that use an
established classification system will typically only
report on the neutrophil and/or lymphocyte content for
their formulation.” '° In fact, current classification
systems, such as the PAW, PLRA, DEPA, and MAR-
SPILL, do not include a comprehensive description of
the WBC subtypes in PRP.'" In this study, we were able
to delineate the other WBC subtypes found in LR-PRP
in addition to neutrophils and lymphocytes. We found
that all cell types, except eosinophils, had higher con-
centrations in LR-PRP than in WB (Table 1). Addi-
tionally, when compared to WB, LR-PRP had a
significantly lower percentage of granulocytes and a
significantly higher percentage of agranulocytes. Phys-
iologically, granulocytes from the myeloid stem cell line
function mostly within the innate immune system and
mediate the initial inflammatory response at the site of
infection or injury, while agranulocytes function mostly
within the adaptive immune system.'” These specific
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Fig 1. Platelet concentration reported in 10%/pL in whole
blood (WB) and leukocyte-rich platelet rich plasma (LR-PRP).
Concentrations were obtained using a scatter cytogram and
the platelet-integrated analysis method. Participants in each
group: n = 12.
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Table 1. WBC and WBC Components in Whole Blood and LR-PRP

Whole Blood (10 cells/pL) LR-PRP (10 cells/uL) Concentration Ratio (LR-PRP:WB) P Values
Total WBCs 4.57 £ .80 17.31 £ 3.65 3.79 £ .58 P < .0001
Neutrophils 2.56 £ .68 3.72 £ 1.28 1.45 + .34 P =.0010
Eosinophils .14 £+ .06 .10 £ .06 74 + .53 P =.0775
Basophils .03 £ .01 .19 £ .08 6.68 £+ 4.00 P <.0001
Lymphocytes 1.62 £ .45 11.94 £ 2.97 7.36 £ .64 P < .0001
Monocytes .19 £ .04 1.02 £ .35 534 £ 1.13 P < .0001
LUCs .03 £ .01 0.34 £ .10 12.15 £ 6.77 P < .0001

Leukocyte profile of WB samples (7 = 12) and LR-PRP samples (# = 12) are summarized in Table 1. Cell concentrations are reported in units of
10 cells/pL and reported as means = SD. LR-PRP:WB, leukocyte rich platelet rich plasma:whole blood; LUC, large unsustained cells; WBC, white

blood cell.

subtype differences in WBC function underscore the
importance of comprehensive reporting of PRP formu-
lations in clinical trials.

White Blood Cells

WBCs (leukocytes) are generally categorized into
neutrophils, monocytes, lymphocytes, eosinophils, ba-
sophils, and large unsustained cells (LUC).'? Leuko-
cytes originate from either myeloid or lymphoid stem
cells. Myeloid stem cells give rise to neutrophils, eo-
sinophils, basophils, and monocytes, which give rise to
macrophages. Lymphoid stem cells give rise to lym-
phocytes, which include B cells, T cells, and natural
killer cells. Leukocytes, due to their function in the
immune and host-defense mechanisms, play a large
role in the immune modulation of tissue repair.'” As a
result, we believe they may influence the effects of PRP.
Despite this, some PRP protocols call for a deliberate
reduction of leukocytes to levels below baseline, also
known as leukocyte-poor PRP (LP-PRP). Although it
has been suggested that leukocytes may be proin-
flammatory and detrimental to joints,'* there are other
studies that have directly compared LR-PRP and LP-
PRP. In fact, Mariani et al. found that LR-PRP did not
produce a proinflammatory response in vivo.'” In
addition, Yaradilmis et al. found that LR-PRP produced

more obvious improvements in visual analog scale and
Western Ontario and McMaster Universities Osteoar-
thritis Index scores at 2, 6, and 12 months in moderate-
grade gonarthrosis compared to LP-PRP.'” These
studies further demonstrate the complexity of the
interaction between WBCs and tissue healing and the
need for more thorough research to directly compare
the two formulations. By rigorously documenting WBC
subtypes, future studies can set the stage for large data
analysis of the positive and negative effects that indi-
vidual WBC subtypes have on their local environment.
This may allow for better individualized optimization of
cell content in PRP formulations for patients.

Neutrophils

Neutrophils are the most prevalent WBC and usually
constitute between 60 and 70% of leukocytes in WB."”
They are most commonly associated with the inflam-
matory response and defend against bacterial and
fungal infections. Neutrophils also serve other proin-
flammatory functions and are thought to promote
catabolic effects through the release of inflammatory
cytokines and matrix metalloproteinases.'® Researchers
even found that PRP rich in neutrophils could create a
higher collagen type III to type I ratio, leading to fibrosis
and reduced tendon integrity."”

LR-PRP Basophils

Fig 2. Pie chart representations of
white blood cell components in
whole blood and leukocyte-rich
platelet rich plasma (LR-PRP).
LUCs, large unsustained cells.
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Mean Percentage Granulocyte vs. Agranulocyte

H Granulocyte m Agranulocyte

Whole Blood LR-PRP

Fig 3. Stacked comparison of mean percentage of granulocytes
and agranulocytes in whole blood and leukocyte-rich platelet
rich plasma (LR-PRP).

On the other hand, there is also evidence to support
the role of neutrophils in tissue healing. In fact, neu-
trophils may function to promote muscle growth and
tissue regeneration after disease or injury through IL-6
activation of satellite cells.'® IL-6 can induce a regen-
erative response by activating satellite cells to prolifer-
ate, fusing, and repairing damaged muscle fibers in a
mechanism similar to embryonic myogenesis.'®
Another pathway in which neutrophils mediate a
more anti-inflammatory response is by converting
arachidonic acid to leukotriene A4, which is converted
by activated platelets into lipoxin A4, a potent anti-
inflammatory protein capable of inhibiting the proin-
flammatory neutrophil response.'”” Marwick et al.
also demonstrated that neutrophils could induce
monocyte/macrophage anti-inflammatory reprogram-
ming, which would aid in resolution of acute inflam-
mation and local healing and repair.”’

Eosinophils

Eosinophils are quite rare in circulation, constituting
1-6% of total WBCs and known mainly for their
response in allergic reactions and parasitic infections.'”
However, evidence points to their integral role in the
inflammatory response, immunomodulation, and even
healing.”” They secrete and have receptors for a whole
host of proinflammatory cytokines, as well as MHC-II
receptors allowing them to serve as antigen-
presenting cells. This allows them to modulate T-help-
er cell differentiation.”” Interestingly, Heredia et al.
found that IL-4-secreting eosinophils were integral to
muscle regeneration by signaling local stem cell differ-
entiation.”” Additionally, loss of eosinophils in vivo was
shown to severely compromise muscle regeneration.”’

Basophils
Basophils are the least prevalent WBC, constituting
less than .5% of total WBCs.'” They most notably
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respond to allergens and antigens by releasing chem-
icals that result in the dilation of blood vessels. Because
of their relative scarcity, less is known about their
function in tissue repair. They are thought to contribute
to the multifaceted process of angiogenesis and lym-
phangiogenesis, primarily in the context of tumor
production.””

Large Unstained Cells

Modern cell analyzers, including the one used in this
study, are able to differentiate leukocytes based on their
peroxidase activity. Neutrophils, monocytes, and
eosinophils exhibit peroxidase activity and are, thus,
able to be stained. However, lymphocytes exhibit no
peroxidase activity and are unstained.”” Thus, large
unstained cells (LUCs) are cells that cannot be classified
as lymphocytes (normal or otherwise) or stem cells and
exhibit no peroxidase activity.”® Currently, there are no
clinical studies that explore the purpose of these cells as
it relates to inflammation or tissue repair.

Lymphocytes

Lymphocytes account for around 30% of WBCs in
WB and give rise to B cells, helper cells, and cytotoxic
T cells, and natural killer cells.'” Although these cells
are crucial in cell-mediated adaptive immunity against
pathogens, they play a more indirect role in the tissue
healing process. They accomplish this by steering
monocyte differentiation toward M2 anti-inflammatory
subtype.”’*®

Monocytes

Monocytes are the largest leukocytes, constitute
around 5% of the WBCs in WB, and serve as phago-
cytes in the primary immune response.'” They also
have an active role in wound healing, as macrophage
dysfunction is commonly seen in nonhealing and
poorly healed wounds.”” In addition, they stimulate
angiogenesis and fibroplasia.’’ During homeostasis and
differentiation, monocytes can differentiate into two
main phenotypes of macrophages. The first is proin-
flammatory M1, whose main purpose is to kill patho-
gens.”' The second is the anti-inflammatory M2, which
aids in tissue repair.’” This M2 class has 3 known sub-
types, M2a, M2b, and M2c. M2a produces extracellular
matrix, collagen, and growth factors to drive wound
closure.”’ M2b and M2c work to suppress inflammation
through interleukin-10 (IL-10) production.’'*?

It is possible that these monocytes populations have
increased functionality under the conditions created by
platelet degranulation in PRP. For example, it is well
documented that platelet granules release a multitude
of growth factors including large quantities of platelet
factor 4 (PF4).”” PF4 is crucial for monocyte chemotaxis
to injured tissue and prevents monocyte apoptosis
in vitro.”* In addition to PF4, activated platelets were
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found to selectively release PGE2, which led to
increased levels of IL-10 and suppressed tumor necrosis
factor-a, creating an anti-inflammatory environment.”’
Finally, a recent study by Lee et al. demonstrated that
activated platelets skewed monocyte differentiation to
the M2 subset and can even convert some monocytes
from M1 to M2.’° Put together, it is clear that the
monocytes found in PRP have the potential to signifi-
cantly modulate the inflammatory environment at the
site of local injection.

On the basis of our results, it is clear that LR-PRP is a
heterogeneous mixture of not only platelets but also
many different WBC types that can contribute to the
healing process. Despite this fact, studies do not report
the full composition of LR-PRP formulations. Without
data to compare patient outcomes and cell concentra-
tions, it is difficult to delineate which of the WBCs
participate in modulating many of the dysregulated
processes in musculoskeletal diseases. One contributing
effort to bridge this gap would be to comprehensively
quantify all WBC subtypes in clinical trials moving
forward. This could enable future studies to link patient
outcome metrics to cellular compositions in PRP, which
could then be translated into more mechanistically
driven research.

Limitations

Our study was limited by its relatively small sample
size and inability to characterize whether there is a
difference for PRP between age or gender. With respect
to the latter, while healthy men between the ages 25
and 31 are not representative of a population that PRP
would normally be used in, our goal was to characterize
WBC subtypes in a healthy and homogenous popula-
tion, free of any confounding variables from other po-
tential chronic illnesses.

Conclusion

Our study found that LR-PRP is predominantly
lymphocyte rich with notable concentrations of other
WBC subtypes, including neutrophils, monocytes, eo-
sinophils, basophils, and LUCs. Although these sub-
types are not routinely reported, they may play a role in
modulating the local inflammatory environment. We
also found significant differences in WBC subtype
concentrations between WB and LR-PRP.
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