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Introduction: Platelet-rich plasma (PRP) therapy is used to treat pathological conditions such as
degenerative inflammatory diseases including osteoarthritis (OA) by enhancing tissue repair and pro-
moting anti-inflammatory effects. Although PRP therapy for patients with knee OA improved pain and
functional scores, the association of clinical outcomes and quality of PRP including cell composition and
concentration is unclear.
Methods: Therefore, this study analyzed blood cell counts, including the immature platelet fraction (IPF),
in peripheral blood and PRP of 144 patients with knee OA who underwent PRP therapy. The mean
leukocyte and platelet concentrations in whole blood and PRP were analyzed using an XN-1000 auto-
mated hematology analyzer. Visual analogue scale (VAS) scores and knee injury and osteoarthritis
outcome scores (KOOS) before and 1 month after a single PRP injection were also determined.
Results: Higher platelet and lower leukocyte concentration rates were observed in PRP compared with
whole blood. The platelet concentration in whole blood was negatively correlated with VAS improve-
ment. The percentage of IPF (IPF%) in whole blood was positively correlated with VAS improvement and
KOOS (pain) improvement, whereas the IPF% in PRP tended to correlate with VAS improvement.
Furthermore, multivariate logistic regression demonstrated the high IPF% in whole blood was signifi-
cantly associated with VAS improvement. The low percentage of neutrophil (neutrophil%) in PRP was
significantly associated with the VAS improvement and KOOS (ADL) improvement.
Conclusions: Therefore, PRP efficacy for OA might depend on the patient's biological status.
© 2021, The Japanese Society for Regenerative Medicine. Production and hosting by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
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1. Introduction

Platelets are short-lived (8e9 days) cell-particles that are
constantly generated from megakaryocytes and are released from
the bone marrow to the circulating blood flow [1]. Thus, circulating
platelets contain a mixture of young and old platelets. Newly pro-
ducedplatelets just released fromthebonemarrowtothe cytoplasm
are rich in RNA and are called reticular platelets (RP) [2] or the
immature platelets [3]. Immature platelets contain higher amounts
of RNA and can produce various proteins typical for active platelets
such as GPIIb/IIIa and P-selectin [4]. In addition, although there is
sting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
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Table 1
Demographics of the patients in this study.

Number of patients 144
Age (mean ± SD) 65.8 ± 12.0
Sex (female/male) 99/45
BMI (mean ± SD) 23.7 ± 3.4
KL grade (2/3/4) 43/64/37

SD, standard deviation; KL, KellgreneLawrence; BMI, body
mass index.
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only a partial correlation with the MPV, immature platelets tend to
be larger thanmature platelets [4]. Therefore, the immature platelet
fraction (IPF), that can be defined by means of both the forward
scattered light strength, surrogate marker of the particles size in
flow cytometry, and the intensity of fluorescence stained with dye
for nucleic acids, can be measured reproducibly by certain auto-
mated hematology analyzers. Indeed, the percentage of immature
platelet fraction to total platelets (IPF%) correlates well with the
reticulated platelet count obtained from CD61 flow cytometry [3].
The IPF% in the peripheral blood reflects platelet production in the
bone marrow [5]; thus, IPF% can be a useful marker of thrombo-
poietic activity. The most relevant clinical utility is the differential
diagnosis between immune thrombocytopenia (ITP) and thrombo-
cytopenia from thrombopoiesis hypoproduction [6]. Generally,
thrombocytopenia related to platelet destruction or consumption
such as ITP can be predicted by high IPF% and thrombocytopenia
from thrombopoiesis hypoproduction can be predicted by low IPF%
[6]. Therefore, IPF% has been used to diagnose various pathological
conditions and thrombocytopenic diseases such as ITP, aplastic
anemia, and liver cirrhosis, as well as the prediction of platelet re-
covery after chemotherapy and hematopoietic cell transplantation,
and judging indications of platelet transfusion [6].

Platelets have critical roles inmaintaining homeostasis aswell as
tissue repair [7]. Several factors secreted from the alpha-granules of
activated platelets including transforming growth factor-b, vascular
endothelial growth factor, andplatelet-derivedgrowth factorhelp to
repair damaged tissue. In addition, platelets are involved in the
immune system especially diverse inflammatory processes that in-
fluence normal leukocyte biology and inflammatory signals [8].

On the basis of these platelet functions, platelet-rich plasma
(PRP) therapy has been developed and used to treat various path-
ological conditions in motor organs such as bone, tendon, ligament,
and articular cartilage [9,10]. The mechanisms of PRP action on
motor organs diseases are thought to be related to the
Table 2
Cell parameters in whole blood and PRP.

Cell composition Measurement parameters

Leukocyte Cell concentration Leukocyte (/mL)
Neutrophil (/mL)
Lymphocyte (/mL)
Monocyte (/mL)
Eosinophil (/mL)
Basophil (/mL)

Fraction Neutrophils (%)
Lymphocytes (%)
Monocytes (%)
Eosinophils (%)
Basophil (%)

Platelet Cell concentration Platelet (�104/mL)
IPF (�104/mL)

Fraction IPF (%)
H-IPF (%)

Others MPV (fL)
PCT (%)

Erythrocyte Cell concentration Erythrocytes (�104/mL)

N/A; not applicable.
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enhancement of tissue repair as well as anti-inflammatory effects
[11]. Therefore, PRP therapy is frequently used for the treatment of
degenerative inflammatory diseases such as osteoarthritis (OA).
Several meta-analyses assessing clinical trials of PRP therapy for
patients with knee OA demonstrated that PRP had favorable effects
on improving pain and functional scores [12,13]. However, few re-
ports have shown a relationship between clinical outcomes and the
quality of PRP, such as cell composition and concentration.

The purpose of this study was to analyze the blood cell counts,
including IPF, in peripheral blood and PRP of patients with knee OA
who underwent PRP therapy, and to reveal the relationships be-
tween blood cell parameters and clinical outcomes.

2. Method

2.1. Patients

Overall, 144 consecutive patients with unilateral knee OA who
underwent PRP therapy in our hospital in 2020 were enrolled in this
study. Informed consent was obtained from each donor and patient
before drawing peripheral blood. This study was approved by the
Ethical Committee of JuntendoHospital (approval number 2020027).
The indications for PRP therapy in our hospital include chronic knee
pain despite other known conservative treatments. Patients were
excluded from this study if they had systematic inflammatory dis-
eases such as rheumatoid arthritis, active infectious diseases, poorly
controlled diabetes mellitus, or had platelet disorders or diseases.

2.2. PRP preparation

The protocol and ethics of PRP therapywere certified bya special
committee for regenerative medicine based on a law regulating the
safety of regenerative medicine in Japan (approval number
PB3150023). The PRP preparation was obtained by a single centri-
fugation of whole blood using the MyCells autologous platelet
preparation system (Kaylight Ltd., Israel). Each kit contains 1 mL of
anticoagulant acid citrate dextrose (ACD). Here, 22 mL of whole
bloodwas aspirated from themedian cubital vein and 5.0mL of PRP
was obtained according to the manufacturer's instructions. In brief,
centrifugationwas performed at 2000�g for 7min at 21e25 �C, and
the supernatant was discarded leaving 2.5 mL. The portion of Buffy
coat directly above the gelwas pipetted andmixed before collection,
and a total of 5 mL of leukocyte poor PRP (LP-PRP) was adjusted.
Whole blood PRP Concentration rate

5189 ± 1242 3019 ± 1086 0.21 ± 0.10
3031 ± 936 54 ± 39 0.02 ± 0.01
1654 ± 516 906 ± 472 0.56 ± 0.26
307 ± 90 95 ± 56 0.32 ± 0.18
157 ± 109 4.2 ± 8.0 0.05 ± 0.10
40 ± 18 0.1 ± 1.2 0.00 ± 0.03
57.9 ± 8.0 5.2 ± 2.1
32.2 ± 7.3 85.3 ± 4.4
6.0 ± 1.4 9.0 ± 3.0
3.1 ± 2.0 0.5 ± 1.2
0.8 ± 0.3 0.03 ± 0.3
22.5 ± 5.2 36.4 ± 12.5 1.65 ± 0.50
0.5 ± 0.2 0.6 ± 0.4 1.38 ± 0.62
2.0 ± 1.0 1.6 ± 0.8
0.6 ± 0.3 0.5 ± 0.3
10.6 ± 1.0 10.1 ± 0.9
0.2 ± 0.1 0.3 ± 0.1
444.9 ± 44.4 0.015 ± 0.046 N/A



Fig. 1. Histogram of the IPF% in whole blood and PRP. (a) Histogram of IPF% in whole blood: IPF% in whole blood didn't follow the normal distribution. The mean IPF% in whole blood
was 2.0 ± 0.96, and the median of IPF% in whole blood was 1.8. (b) Histogram of IPF% in PRP: IPF% in PRP didn't follow the normal distribution. The mean IPF% in whole blood was
1.6 ± 0.79, and the median of IPF% in whole blood was 1.5.
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2.3. Hematological analysis

Venous peripheral blood (whole blood) samples were collected
in ethylenediaminetetraacetic acid (EDTA) tubes which is usually
used for blood count measurement for peripheral blood separately
from the PRP preparation kit, and part of the PRP used for treatment
was used for hematological analysis. Peripheral blood and PRP
samples were analyzed using an XN-1000 automated hematology
analyzer (Sysmex, Kobe, Japan) according to the manufacturer's
recommendations. The concentrations of erythrocytes, neutrophils,
lymphocytes, monocytes, platelets, and IPF were measured from
300 mL of peripheral blood and PRP.
2.4. Analysis of IPF

Sysmex Corporation has developed a method for measuring IPF,
using technology that uses a proprietary dye of platelets and laser
imaging. The Sysmex XN system uses flow cytometry with a
semiconductor laser that uses fluorescent light and stains platelets
specifically. The internal structures of nucleic acid-containing
platelets, including mitochondria and endoplasmic reticulum,
were stained using reagents containing oxazine fluorescent dyes.
Fig. 2. Typical PLT-F scattergram of IPF. (a) Confocal laser scanning fluorescent microscopic
dedicated reagent of the PLT-F channel. Bar: 5 mm. (b) A typical PLT-F scattergram of whole b
In the scattergram, platelets are plotted in a single cluster from bottom left to top right, wher
amount of RNA than mature platelets, IPF is at the top right part of the platelet cluster colore
top left. FSC: forward scattered light; SFL: side fluorescence from nucleic acid staining dye;
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Platelets were irradiated with a semiconductor laser beam, and the
FSC light indicated the size of platelets and the side fluorescence
(SFL) indicated the RNA of platelets. Although the analyzer has
three channels (PLT-I, PLT-O, and PLT-F) that can count platelets, we
used the PLT-F channel only to count platelets in this study because
of its accuracy (Fig. 2) [14].

2.5. Clinical scores

Visual analogue scale (VAS) and knee injury and osteoar-
thritis outcome scores (KOOS) before and 1 month after treat-
ment were evaluated, and the amount of improvement before
and after treatment was calculated. The relationships between
changes in clinical scores and cell parameters in whole blood
and PRP were analyzed.

2.6. Statistical analysis

VAS and KOOS improvement before and after treatment were
analyzed by paired t-test. The correlation between each cell
parameter and VAS improvement was analyzed by Spearman's
correlation. Univariate regression and multiple logistic regression
image of isolated platelets from a healthy volunteer. The platelets were stained with a
lood from a healthy volunteer taken with an XN-1000 automated hematology analyzer.
e IPF is at the top right. Because immature platelets tend to be larger and contain higher
d in green. Erythrocytes are displayed as another cluster, which is located in the inset at
RBC: red blood cell; PLT: platelets; IPF: immature platelet fraction.



Table 3
Visual Analogue Scale (VAS) scores and Knee Injury and Osteoarthritis Outcome
Scores (KOOS) before and 1 month after a single PRP injection.

Clinical score Before After 1 month p value

VAS 52.6 ± 27.9 40.5 ± 25.6 <0.001
KOOS (symptom) 59.5 ± 20.9 66.4 ± 18.4 <0.001
KOOS (pain) 56.6 ± 20.8 65.7 ± 17.7 <0.001
KOOS (activity of daily living) 70.9 ± 18.9 78.9 ± 14.8 <0.001
KOOS (sports and recreation function) 36.4 ± 25.3 44.3 ± 26.4 <0.001
KOOS (quality of life) 31.6 ± 21.6 43.1 ± 21.8 <0.001
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analyses were performed using the presence or absence of one or
more improvements in VAS as a dependent variable, and age,
gender, KL grade, and blood cell parameters as exploratory vari-
ables. Agewas converted into two categories, and blood parameters
were converted into four categories so that the number of each
category was uniform with reference to the 4-min displacement
point. Regarding IPF, Smirnov-Grubbs’ test was performed to
exclude outliers. All p-values were two-sided, and p-values <0.05
were considered statistically significant. Statistical analyses were
performed with SPSS version 20.0 (IBM Corp., Armonk, NY, USA).
2.7. Microscopy

The confocal laser scanning fluorescent microscopic image of
isolated platelets from a healthy volunteer was taken as previously
described [13]. Briefly, PRP from venous peripheral blood anti-
coagulated with EDTA was placed on poly-L-lysine (PLL) coated
glass-bottomed dish (D11131H, Matsunami, Osaka, Japan) for
10 min. Immediately after residual plasma drained, platelets
attached on the PLL-coated glass were covered with 1020 mL
staining solution (CELLPACK® DFL (Sysmex): Fluorocell® PLT
(Sysmex) ¼ 50:1). After a minute incubation at RT, the fluorescent
images were taken by a confocal laser scanning fluorescent mi-
croscope (FV-10i, Olympus, Tokyo, Japan) using 635-nm laser.
3. Result

3.1. Characteristics of patients

Table 1 shows the demographics of the patients in this study.
Table 4
Correlation between cell parameters and amount of VAS and KOOS improvement.

Whole blood

Platelet concentration (�104/m

VAS r �0.20
p value 0.025*

KOOS (symptom) r �0.072
p value 0.43

KOOS (pain) r �0.074
p value 0.42

KOOS (activity of daily living) r 0.079
p value 0.37

KOOS (sports and recreation function) r �0.10
p value 0.25

KOOS (quality of life) r 0.098
p value 0.28
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3.2. Measurement of cell parameters in whole blood and PRP

The mean leukocyte concentration in whole blood was
5189 ± 1242 (/mL) and the mean platelet concentration was
22.5 ± 5.2 (�104/mL). The mean leukocyte concentration in PRP
was 3019 ± 1086 and the mean platelet concentration was
36.4 ± 12.5. The leukocyte concentration rate and platelet con-
centration rate were 0.21 ± 0.1-fold and 1.65 ± 0.5-fold greater
than those of peripheral blood, respectively (Table 2). This is
classified as P2-Bb PRP (LP-PRP) based on the PAW classification
system described by DeLong et al., [15]. In the PAW classification,
platelet concentration, activation method, WBC content are
defined by category. Platelet concentration: P1, less than or equal
to baseline levels; P2, greater than baseline levels to 750,000
platelets/mL; P3, greater than 750,000 to 1,250,000 platelets/mL;
and P4, greater than 1,250,000 platelets/mL. Total WBC content is
identified as either above (A) or below/equal to (B) baseline
levels. If neutrophils are included in the buffy coat, then a
(above) is added. If neutrophils are filtered out, then b (below) is
added.

Fig. 1 shows the histogram of IPF% in the whole blood and
PRP. They didn't follow a normal distribution. The mean IPF% in
whole blood was 2.0 ± 0.96, and that of PRP was 1.6 ± 0.79. The
median of IPF% in whole blood was 1.8, and that of PRP was 1.5.
The histogram of IPF% in PRP was similar to that in the whole
blood. Several studies have reported IPF% of healthy volunteers.
Jung H et al. who reported in 2039 healthy adults persons in
Korea, an IPF% of (0.5e3.2) and (0.4e3) in men and women,
respectively [16]. KO YJ et al. who reported in 2104 healthy
adults' persons in Korea, an IPF percentage of 1.6 (0.3e7.4) [17].
Although this study includes data from knee OA patients, IPF%
was comparable to previously reported data from healthy
volunteers.

Fluorescent microscopic images of platelets and a typical PLT-F
scattergram of IPF are shown in Fig. 2. In the scattergram, plate-
lets are plotted in a single cluster from bottom left to top right, and
the IPF is at the top right in green. The details of the analysis of IPF
are described in the Methods.
3.3. Clinical outcomes

All the patient-oriented outcomes were significantly improved
at 1-month after the PRP injections (Table 3).
PRP

L) IPF% Platelet concentration (�104/mL) IPF% Neutrophil%

0.25 �0.75 0.18 �0.19
0.007* 0.41 0.05 0.034*
0.049 0.023 0.059 �0.17
0.60 0.80 0.52 0.067
0.19 �0.080 0.11 �0.094
0.036* 0.38 0.23 0.30
0.60 0.047 0.034 �0.11
0.51 0.60 0.71 0.20
0.094 �0.57 0.14 �0.042
0.31 0.52 0.14 0.64
�0.52 0.045 0.022 �0.17
0.57 0.62 0.81 0.058



Table 5
Logistic regression to predict VAS improvement or deterioration.

Predictors Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age (�65, >65 years) 0.90 (0.43e1.96) 0.810 0.96 (0.36e2.57) 0.940
Sex (male, female) 1.67 (0.76e3.68) 0.200 2.39 (0.94e6.09) 0.069
KL classification (2, 3, 4) 0.86 (0.52e1.44) 0.57 0.72 (0.39e1.34) 0.300
IPF% in whole blood (�1.5, 1.5 to �2.0, 2.0 to �2.5, >2.5) 1.67 (2.43) 0.007* 1.89 (1.24e2.88) 0.003*
Neutrophil% in PRP (�4.0, 4.0 to �6.0, 6 to �8.0, >8.0) 0.76 (0.54e1.09) 0.130 0.67 (0.46e0.99) 0.045*

S. Uchino, Y. Saita, A. Wada et al. Regenerative Therapy 18 (2021) 176e181
3.4. Correlation between cell parameters and VAS and KOOS
improvement

The platelet concentration in whole blood was negatively
correlated with the amount of VAS improvement (R ¼ �0.20,
p ¼ 0.025), whereas the platelet concentration in PRP was not
correlated with clinical score improvement. The IPF% in whole
blood was positively correlated with the amount of VAS improve-
ment (R¼ 0.25, p¼ 0.007) and KOOS (pain) improvement (r¼ 0.19,
p ¼ 0.036), whereas the IPF% in PRP tended to correlate with VAS
improvement (r ¼ 0.18, p ¼ 0.05).

All leukocyte parameters in whole blood did not correlate with
the amount of VAS improvement, whereas the percentage of neu-
trophils (neutrophil%) in PRP was negatively correlated with the
amount of VAS improvement (R ¼ �0.19, p ¼ 0.034) (Table 4).

3.5. Logistic regression to predict VAS and KOOS improvement or
deterioration

The relationships between patient factors (age, sex, KL grade, IPF
% in whole blood, and neutrophil% in PRP) and changes of VAS or
KOOS were analyzed by logistic regression. When the outcomes
were set to VAS changes, a high IPF% in whole blood and low
neutrophil% in PRP were significantly associated with an
improvement in the VAS (odds ratio [OR] ¼ 1.89, 95% confidence
interval [CI]¼ 1.24e2.88, p¼ 0.003; OR¼ 0.67, 95% CI¼ 0.46e0.99,
p ¼ 0.045, respectively) (Table 5). When the outcomes were set to
KOOS changes, younger age (65�) was significantly associated with
an improvement in KOOS (symptom) (OR ¼ 0.33, 95%
CI ¼ 0.13e0.82, p ¼ 0.017), and low neutrophil% in PRP were
significantly associated with an improvement in KOOS (ADL)
(OR ¼ 0.67, 95% CI ¼ 0.46e0.97, p ¼ 0.034).

4. Discussion

The pathophysiology of OA is complex. The goal of the investi-
gation of the molecular pathology of OA is to contribute to the
development of novel therapeutic strategies for OA. However, the
standard conservative care of OA has been pharmacological treat-
ments such as the oral intake of NSAIDs and intra-articular steroids
or hyaluronic acid administration. Here, we investigated a novel
biological treatment for OA, PRP therapy, and demonstrated its
efficacy was associated with the IPF% in the peripheral blood. To the
best of our knowledge, this is the first study to report a relationship
between immature platelets and the efficacy of PRP therapy. This
study suggests an important concept whereby the efficacy of
autologous biological therapy depends on the status of the patient's
biological system.

Murray et al. reported a checklist of the minimum reporting
requirements for clinical studies evaluating PRP that reached
consensus through the Delphi Process. The concentrations of
platelets and white blood cells, and the differential leukocyte count
in the whole blood and PRP were also included [18]. Because PRP is
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plasma containing high concentrations of platelets, it is important
to examine the concentration of platelets and determine their
qualitative status. Therefore, we measured the IPF in whole blood
and PRP including the quality of platelets to determine whether
they are related to the effects of PRP. In this study, IPF% in whole
blood correlated with VAS improvement. The IPF% in whole blood
was previously reported to reflect platelet hematopoiesis in the
bone marrow [19]. People with a high IPF% in whole blood may
have active platelet hematopoiesis, good platelet quality, and their
PRP might be highly effective for therapy. The IPF% in PRP tended to
correlate with VAS improvement. However, the function of imma-
ture platelets is not clear, and how immature platelets mediate
their effects in the joints of knee OA patients is poorly understood.
In the future, it may be possible to elucidate the function of
immature platelets by evaluating the relationship between imma-
ture platelets and growth factors and cytokines.

Anticoagulants can also affect platelet quality. In this study,
EDTA was used for whole blood and ACD was used for PRP. Platelet
concentrations with ACD tended to be lower than with EDTA. The
mean platelet volume was larger with EDTA than ACD because the
platelets changed from discoid to spherical morphology. Platelets
are small particles of variable size, the smallest of which are near
the limit of detection by flow cytometry. An increased volume of
EDTA-treated platelets can aid their detection by a hematology
analyzer, but this effect is not observed for ACD-treated platelets
[20]. The different anticoagulants used for whole blood and PRP
should be considered when discussing the difference in platelet
quality between whole blood and PRP.

For PRP therapy for knee OA, it was reported that LP-PRP of P2-
Bb is highly effective in terms of PRP quality according to the PAW
classification [21]. When discussing the quality of PRP and its effi-
cacy, platelet and leukocyte concentrations are often investigated;
however, the leukocyte fraction is rarely studied. In this study, the
LP-PRP of PAW P2Bb was used, and the leukocytes contained 85.3%
lymphocytes, 9% monocytes, 5.2% neutrophils, and 1% or less eo-
sinophils and basophils. A systematic review and meta-analysis of
randomized controlled trials reported by Belk et al. showed that a
pooled analysis of studies that compared leukocyte rich (LR)-PRP
and LP-PRP demonstrated that LP-PRP resulted in greater im-
provements in Subjective International Knee Documentation
Committee (IKDC) scores. Results of an indirect effects analysis
estimated that LP-PRP resulted in a mean 5.1-unit-greater
improvement in Subjective IKDC scores versus LR-PRP (95% CI,
210.1 to 20.2) [12]. In our study, an improvement of VAS was
negatively correlated with the neutrophil% in PRP. A previous study
reported that neutrophils release the catabolic enzyme matrix
metalloprotease-9 [22], suggesting that the intra-articular admin-
istration of neutrophils might induce inflammation in joints. Ac-
cording to these observations, lower neutrophil fractions may be
more suitable for the treatment of knee OA.

This study had some limitations. First, we did not evaluate
growth factors in the whole blood and PRP. Therefore, it is unclear
whether IPF% is related to the concentration of growth factors.
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Second, the clinical outcome of this study was evaluated 1 month
after a single injection of PRP. Therefore, this was a short-term
result and the long-term outcomes might be different. However,
to clarify the relationship between blood cell parameters and
clinical score changes, we examined short term score changes after
a single administration of PRP.

5. Conclusion

This study demonstrated the efficacy of PRP therapy for knee OA
was related to the IPF% in peripheral blood. This observation pro-
vides an important concept whereby the efficacy of autologous
biological therapy depends on the patient's biological status.
Further molecular biology studies might aid the development of a
novel biological treatment strategy for OA.
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