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Leukocyte-Rich Platelet-Rich Plasma Has
Better Stimulating Effects on Tenocyte
Proliferation Compared With Leukocyte-Poor
Platelet-Rich Plasma

Keng-Yi Lin,* MD, Poyu Chen,† PhD, Alvin Chao-Yu Chen,‡§ MD, Yi-Sheng Chan,‡§ MD,
Kin Fong Lei,|| PhD, and Chih-Hao Chiu,§{#** MD, PhD

Investigation performed at Chang Gung University, Taoyuan

Background: Rotator cuff (RC) tendinopathy is one of the most common causes of shoulder pain. Platelet-rich plasma (PRP) has
been frequently used in clinical scenarios, but its efficacy remains inconsistent.

Purpose: To investigate the different responses of human tenocytes from torn RCs to leukocyte-rich PRP (LR-PRP) and leukocyte-
poor PRP (LP-PRP) in a 2-chamber coculture device.

Study Design: Controlled laboratory study.

Methods: PRP was prepared using different platelet and leukocyte concentrations according to 5 groups: (1) LR-PRP with
5000 platelets/mL, (2) LR-PRP with 10,000 platelets/mL, (3) LP-PRP with 5000 platelets/mL, (4) LP-PRP with 10,000 platelets/mL, and
(5) control with only culture medium supplementation and without PRP stimulation. Platelet-derived growth factor–AB (PDGF-AB)
and transforming growth factor–b1 (TGF-b1) were measured in LR-PRP and LP-PRP via enzyme-linked immunosorbent assay.
Microscopy, water-soluble tetrazolium salt assay, and quantitative real-time polymerase chain reaction were used to investigate
the morphology, proliferation, and gene expression of RC tenocytes exposed to different PRP formulations. Data were collected
from at least 3 independent measurements. The results were analyzed via 1-way analysis of variance, followed by the post hoc
Bonferroni test.

Results: The ratio of leukocytes to 5000 platelets/mL was 29.5 times higher in LR-PRP than in LP-PRP (P < .05). In the
5000 platelets/mL groups, the levels of TGF-b1 and PDGF-AB were both significantly higher in LR-PRP versus LP-PRP (TGF-b1:
367.0 ± 16.5 vs 308.6 ± 30.3 pg/mL, respectively [P ¼ .043]; PDGF-AB: 172.1 ± 1.8 vs 94.1 ± 4.2 pg/mL, respectively [P < .001]).
Compared with the control group, RC tenocyte proliferation was 1.42 ± 0.01 and 1.41 ± 0.03 times higher in the LR-PRP groups
with 5000 platelets/mL and 10,000 platelets/mL, respectively (P < .05). The expression of tenocyte-related genes was higher in
tenocytes cultured in LR-PRP.

Conclusion: Both the LR-PRP groups with 5000 platelets/mL and 10,000 platelets/mL induced more growth factor release and
increased RC tenocyte proliferation than did the LP-PRP groups.

Clinical Relevance: In RC repair, LR-PRP may be better than LP-PRP for increasing the proliferation of tenocytes.
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A rotator cuff (RC) tear is a common cause of persistent
shoulder pain.24 Even with surgical interventions, studies
have revealed the high incidence of recurrent tendon
defects after RC repair.32 One important reason for poor
healing and high retear rates is the minimal blood supply
to the repair construct.31 Tenocytes are the basic cellular
components of tendon tissue and contribute to synthesize
all components of the extracellular matrix for the intrinsic

repair process.26 A low cell density in tendon tissue and a
minimal blood supply lead to limited extracellular matrix
restoration for tendon healing.3

Platelet-rich plasma (PRP) has been an attractive
approach for stimulating and accelerating the soft tissue
healing process.11 PRP with a 3 to 5 times higher platelet
concentration compared with whole blood is frequently
used in a clinical scenario, which releases more growth fac-
tors and cytokines than whole blood.5 Platelet-derived
growth factors (PDGFs), including PDGF-AB and trans-
forming growth factor–b1 (TGF-b1), have recently shown
promise in promoting tendon repair and regeneration.2,36
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In the past decade, a number of in vitro studies have
reported that PRP enhances the proliferation of human mus-
cle, bone, and tendon cells.2,16,22 In contrast, other studies
have revealed no statistically significant benefit from PRP
treatment.30,35 Currently, the efficacy of PRP therapy is still
unclear and remains controversial among medical experts,
especially when PRP is used in conjunction with RC repair.
This might be attributed to the large variations in the prep-
aration procedure and composition of the applied PRP. Some
authors have suggested that red blood cells (RBCs) and
white blood cells (WBCs) may be detrimental, as these cells
participate in inflammatory reactions that can lead to dam-
age in the treated tissue.10,23 However, nonplatelet cellular
components in platelet concentrates are important for
proper platelet function.27 The lack of RBCs and leukocytes
results in a deficiency in platelet function concerning growth
factor release and the ability of the releasate to stimulate
tenocyte proliferation.27 A recent study showed better effects
with a leukocyte-rich PRP (LR-PRP) injection over a cortico-
steroid injection for chronic gluteal tendinopathy,12 while
another animal study revealed that leukocyte-poor PRP
(LP-PRP) promoted tendon healing in chronic Achilles ten-
dinopathy than LR-PRP did.38 PRP injections for RC tears
are reported in less high-quality studies, but a randomized
controlled trial found that there was an improvement in pain
with 2 injections of LR-PRP, separated by 4 weeks, compared
with a placebo injection.29 More studies are needed to iden-
tify the best preparation and composition of PRP for differ-
ent clinical conditions,13 especially for RC tears.

In this study, we used a 2-chamber coculture device to
investigate the responses of human tenocytes from torn RC
tissue to LR-PRP and LP-PRP formulations. The purpose of
this study was to evaluate tenocyte proliferation and
growth factor release via LR-PRP and LP-PRP treatment.
We hypothesized that different clinical scenarios might
have their own best PRP compositions for treatment and
that LR-PRP would be more effective in RC tenocyte prolif-
eration and growth factor release.

METHODS

Isolation of Tenocytes

After obtaining institutional review board approval for this
study, we isolated tendon tissue from the edge of torn

human supraspinatus tendons during arthroscopic RC
repair of 3 patients with moderate degenerative RC tears.
All patients had informed consent. All patients were male,
with ages ranging from 49 to 65 years (Table 1). None of the
patients had diabetes, smoking, systemic illness, recent
histoy of cancer, and undergone any form of anticoagulant,
antibacterial, or immunosuppressive therapy within the
previous 6 months.

We used a previously published protocol to isolate teno-
cytes.28 After the first passage, adherent cells were tryp-
sinized, and cells were seeded at 2 � 104 cells/cm2 in the
coculture device. Normal tenocyte morphological charac-
teristics were confirmed via microscopy. The cell number
was determined using an automated cell counter (Count-
ess II FL; Thermo Fisher Scientific). Tenocytes above 3
passages were discarded because a phenotypic drift was
reported.21 The tenocyte genotype was confirmed using
quantitative real-time polymerase chain reaction (qRT-
PCR) for the tenocyte markers, including type I collagen
(COL1), type III collagen (COL3), decorin (DCN), tenascin-
C (TNC), and scleraxis (SCX).

LR-PRP and LP-PRP Preparation

PRP was prepared with different platelet and leukocyte
concentrations according to 4 PRP groups plus a control
group: (1) LR-PRP with 5000 platelets/mL, (2) LR-PRP with
10,000 platelets/mL, (3) LP-PRP with 5000 platelets/mL,
(4) LP-PRP with 10,000 platelets/mL, and (5) control with
only culture medium supplementation and without PRP
stimulation. We withdrew 20 mL of autologous blood from
each patient during RC repair. For the LR-PRP prepara-
tion, 5 mL of whole blood was initially subjected to centri-
fugation at 200g for 10 minutes to pellet the RBCs, which
were discarded. The supernatant was then subjected to a
second centrifugation at 600g for 8 minutes. Upper plasma

TABLE 1
Descriptive Data of Patients

Value

Age, mean ± SD, y 57.3 ± 8.0
Body mass index, mean ± SD 26.4 ± 2.0
Sex, female/male, n 0/3
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was aspirated, and 0.3 mL of plasma was used to resuspend
the resultant cell pellet to generate LR-PRP.38 For the
preparation of LP-PRP, after the first centrifugation at
200g, the second centrifugation at 100g was applied to
discard the WBCs and residual RBCs. Subsequently, a
third centrifugation at 600g was applied to enrich the
platelets, and 0.3 mL of LP-PRP was obtained via resus-
pension of the platelets in plasma.38 The procedure is sum-
marized in Figure 1. The platelet and WBC counts in
whole blood and PRP of the 3 patients are listed in Table
2. The platelet count was determined via a cell counter
first and diluted to concentrations of 5000 and 10,000 pla-
telets/mL accordingly.

Stimulation of Tenocytes via PRP

PRP and tenocytes were obtained from each patient
during surgery and were then combined. Cells at a density
of 1.5 � 104 cells/cm2 suspended in 120-mL culture medium
were respectively applied to 1 of the 2 subchambers (cell
chamber) of the coculture device (Figure 2). Then, PRP that
contained 5000 platelets/mL and 10,000 platelets/mL in liq-
uid form was applied to the remaining subchamber (PRP
chamber). It is noted that the level of the solution was not
added over the height of the barrier. Then, the coculture
device was placed in an incubator for an hour. After 1 hour,
cells attached to the surface of the cell chamber, and PRP

became a gel-like form in the PRP chamber. Another
500-mL culture medium was applied to the PRP chamber
to overcome the polydimethylsiloxane barrier, causing an
exchange of culture medium between the cell chamber and
PRP chamber as previously described.4 Hence, tenocytes
cultured in the cell chamber were able to receive platelet-
derived growth factors via diffusion. Finally, cells were cul-
tured in the incubator for 3 days. After the culture course,
cell proliferation was investigated using bioassay. The pro-
cedure is summarized in Figure 3.

Quantification of Cells

Briefly, the cell number was quantified using water-soluble
tetrazolium salt (WST-1) assay (Roche) as previously
described.6

Gene Analysis by qRT-PCR

RNA was isolated from cultured dishes as previously
described.21 RNA quantity and purity (A260/280) were
measured using mQuant software (BioTek Instruments).
RNA was reverse-transcribed into complementary DNA
(cDNA) using 1 mg of mRNA and a High-Capacity cDNA
Reverse Transcription Kit (Thermo Fisher Scientific).
qRT-PCR was performed using 10 to 100 ng of cDNA as
a template and the StepOne Real-Time PCR System
(Thermo Fisher Scientific). The resultant cycle thres-
hold values were normalized and analyzed using the
standard curve method. TaqMan Gene Expression Assays
(Thermo Fisher Scientific) were used for the following
genes: COL1, COL3, TNC, DCN, SCX, and transcription
factor SRY-box transcription factor–9 (SOX9), relative to
glyceraldehyde 3-phosphate dehydrogenase as the endog-
enous control.

Evaluation of Growth Factors in Coculture Device

TGF-b1 and PDGF-AB were analyzed by using a commer-
cial immunoassay kit (Human TGF-b1 and Human PDGF-
AB Quantikine ELISA Kit; R&D Systems). The analytical
protocol followed the manufacturer’s instructions. The
supernatant was pipetted in a kit-supplied microplate that
was precoated with the primary antibody and incubated for
3 hours at room temperature. Then, the microplate was
washed using the provided buffer. Next, the

Figure 1. Schematic diagram of the preparation of
(A) leukocyte-rich platelet-rich plasma (LR-PRP) and
(B) leukocyte-poor platelet-rich plasma (LP-PRP).

TABLE 2
No. of Platelets and WBCs in Whole Blood and PRP of Patientsa

Whole Blood LR-PRP LP-PRP

Plateletsb WBCsb
WBCs/5000/mL

Platelets Plateletsb WBCsb
WBCs/5000/mL

Platelets Plateletsb WBCsb
WBCs/5000/mL

Platelets

Patient 1 264 8.94 169.3 2046 8.68 21.2 993 0.21 1.1
Patient 2 183 9.07 247.8 986 4.36 22.1 406 0.02 0.2
Patient 3 104 6.28 301.9 540 1.06 9.8 247 0.03 0.6

aLP-PRP, leukocyte-poor platelet-rich plasma; LR-PRP, leukocyte-rich platelet-rich plasma; PRP, plate-rich plasma; WBC, white blood cell.
bPer 103 cells/mL.
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detection antibody was added and incubated for 1.5 hours
at room temperature. After the microplate was washed , the
substrate solution was added and incubated for 20 minutes.
The optical density of the reactive solution was quantified
using a microplate reader (ELx800; BioTek Instruments).
In addition, a serial dilution of the provided standard TGF-
b1 and PDGF-AB solution was utilized to set up the

calibration curve. Thus, the actual concentrations of TGF-
b1 and PDGF-AB could be calculated based on the calibra-
tion curve.

Statistical Analysis

Data (presented as mean ± SD) for the 4 PRP groups were
collected from at least 3 independent measurements. The
LR-PRP and LP-PRP groups were compared within the
different platelet concentrations (5000 and 10,000 plate-
lets/mL) as well as with the control group using 1-way
analysis of variance, followed by the post hoc Bonferroni
test. Statistical significance was indicated at P < .05. All
statistical analyses were performed using SPSS 21.0 for
Windows (IBM Corp).

RESULTS

Different PRP Analyses

The concentrations of platelets and leukocytes were ana-
lyzed to confirm the successful preparation of LR-PRP
(platelet count, 1190.7 ± 773.6 � 103 platelets/mL) and LP-
PRP (platelet count, 548.7 ± 392.9 � 103 platelets/mL)
compared to whole blood (platelet count, 183.7 ± 80.0 �
103 platelets/mL) (Figure 4A and Table 2). Although the

Figure 2. Photograph of the coculture device.

Figure 3. Design and experimental setup to investigate the proliferation of tenocytes under the stimulation of leukocyte-rich
platelet-rich plasma (LR-PRP) and leukocyte-poor platelet-rich plasma (LP-PRP). WST-1, water-soluble tetrazolium salt.

Figure 4. Compositions of leukocyte-rich platelet-rich plasma (LR-PRP) and leukocyte-poor platelet-rich plasma (LP-PRP) prepared
from human whole blood. (A) The platelet concentration in LR-PRP was about 2 times higher than that in LP-PRP (P ¼ .51). (B) The
leukocyte concentration in LR-PRP was about 5 times higher than that in LP-PRP (P ¼ .17). (C) The ratio of leukocytes to
5000 platelets/mL was 29.5 times higher in LR-PRP compared with LP-PRP (P< .05). PLT, platelet; WBC, white blood cell. * P< 0.05.

4 Lin et al The Orthopaedic Journal of Sports Medicine



concentrations of leukocytes and platelets between LR-PRP
(leukocyte count, 4.7 ± 3.8 � 103 leukocytes/mL) and LP-
PRP (leukocyte count, 0.9 ± 3.8 � 103 leukocytes/mL) were
not significantly different (P ¼ .17 and .51, respectively),
the ratio of leukocytes to 5000 platelets/mL was 29.5 times
higher in LR-PRP versus LP-PRP (P< .05) (Figure 4, B and
C).

Growth Factor Levels in LR-PRP and LP-PRP

In the 5000 platelets/mL groups, the concentration of TGF-
b1 in LR-PRP was 1.2 times higher than in LP-PRP (367.0 ±
16.5 vs 308.6 ± 30.3 pg/mL; P ¼ .043), while PDGF-AB was
1.8 times higher in LR-PRP than in LP-PRP (172.1 ± 1.8 vs
94.1 ± 4.2 pg/mL; P < .001) (Figure 5).

Effects of LR-PRP and LP-PRP on Tenocyte
Proliferation

On morphological analysis of our 5 experimental groups
(Figure 6, A-E), both LR-PRP groups showed increased cell
numbers, indicating better tenocyte proliferation, while in

Figure 5. Growth factor levels in leukocyte-rich platelet-rich
plasma (LR-PRP) with 5000 platelets/mL and leukocyte-poor
platelet-rich plasma (LP-PRP) with 5000 platelets/mL pre-
pared from human whole blood. (A) The concentration
of transforming growth factor–b1 (TGF-b1) in LR-PRP was
1.2 times higher than that in LP-PRP. (B) The concentration
of platelet-derived growth factor–AB (PDGF-AB) in LR-PRP
was 1.8 times higher than that in LP-PRP. *P < .05.

Figure 6. Effects of leukocyte-rich platelet-rich plasma (LR-PRP) and leukocyte-poor platelet-rich plasma (LP-PRP) on tenocyte
morphology and proliferation on day 3. (A) Control tenocytes were well spread and elongated with an irregular shape. (B) Tenocytes
cultured in LR-PRP with 5000 platelets/mL had increased cell numbers. (C) Tenocytes cultured in LR-PRP with 10,000 platelets/mL
had increased cell sizes (arrows) and numbers. (D) Tenocytes cultured in LP-PRP with 5000 platelets/mL were spread and
elongated (arrowheads) with decreased cell sizes. (E) Tenocytes cultured in LP-PRP with 10,000 platelets/mL had increased cell
sizes. (F) WST-1 assay indicated that tenocyte proliferation in the LR-PRP group with 5000 platelets/mL was 1.42 times higher than
that in the control group and 1.34 times higher than that in the LP-PRP group with 5000 platelets/mL. *P < .05. FBS, fetal bovine
serum; O.D., Optical density; WST-1, water-soluble tetrazolium salt.
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the LP-PRP group with 5000 platelets/mL, tenocytes were
spread and elongated with decreased cell sizes.

As for WST-1 assay, the LR-PRP groups with
5000 platelets/mL and 10,000 platelets/mL showed 1.42 ±
0.01 and 1.41 ± 0.03 times higher tenocyte proliferation
rates, respectively, compared with the control group
(P < .05). No significant difference was found between the
LR-PRP group with 10,000 platelets/mL and the control
group (Figure 6F). In addition, the LR-PRP group with
5000 platelets/mL had a significantly higher proliferation
rate than the LP-PRP group with 5000 platelets/mL had
(1.42 ± 0.01 and 1.06 ± 0.02 times higher proliferation rate,
respectively, compared with the control group; P < .05)
(Figure 6F).

qRT-PCR for Gene Analysis

Tenocyte-related genes, such as TNC, COL1, COL3, and
SCX, were upregulated in the LR-PRP and LP-PRP groups,
with LR-PRP showing a higher expression of these genes.
The expression of DCN, an extracellular matrix–related
gene, was increased in the LR-PRP and LP-PRP groups.
However, the expression of non–tendon related gene SOX9
was increased in LP-PRP and decreased in LR-PRP
(Figure 7).

DISCUSSION

We found in the current study that the tenocytes harvested
from the torn edge of the RC and stimulated via LR-PRP
with 5000 platelets/mL had a 1.42 ± 0.01 times higher pro-
liferation rate than that of the control group and 1.34 times
higher rate than that in the LP-PRP group with 5000 plate-
lets/mL. This result was compatible with the growth factor

concentrations in these 2 types of PRP. In addition,
tenocyte-related genes had higher expression levels in teno-
cytes stimulated via LR-PRP than those stimulated via
LP-PRP, while non–tenocyte related genes had higher
expression levels in the LP-PRP groups. Our results sug-
gest that LR-PRP has a beneficial effect in enhancing the
proliferation of tenocytes from the torn RC.

In our PRP preparation protocol, although the concentra-
tions of leukocytes in LR-PRP and LP-PRP were not signif-
icantly different, the ratio of WBCs to platelets in LR-PRP
was significantly higher, which meant that the concentra-
tion of leukocytes in LR-PRP would be higher than that in
LP-PRP when the concentration of platelets was a fixed
value. Therefore, LR-PRP used in our experiments had a
higher leukocyte concentration than LP-PRP had.

PRP has been widely used to promote wound and soft
tissue healing because of its high concentrations of plate-
lets and growth factors.34 Chung et al7 found that the local
administration of PRP on a repaired supraspinatus tendon
facilitated biological tendon-to-bone healing and increased
the load to failure of the repaired rabbit RC. To the con-
trary, a single dose of platelet-poor plasma or 2 doses of
PRP applied at the time of a rabbit medial collateral liga-
ment injury did not improve ligament healing.19 Therefore,
the roles of different cytokines within PRP are still contro-
versial.18 Our study indicated that LR-PRP released more
TGF-b1 and PDGF-AB than LP-PRP did. A previous clini-
cal study revealed that a TGF-b1 level >61.79 mg/mL in
PRP had better clinical outcomes for RC tendinopathy than
the control group.17 TGF-b1 inhibits matrix metalloprotei-
nase–9 and -13 expression and increases collagen accumula-
tion, improving tendon strength and tendon healing.1,39

Based on these data, it is possible that higher levels of leu-
kocytes and TGF-b1 in LR-PRP might have better efficacy in
RC repair compared with LP-PRP.

Figure 7. Effects of leukocyte-rich platelet-rich plasma (LR-PRP) and leukocyte-poor platelet-rich plasma (LP-PRP) on the gene
expression of tendon- and non–tendon related cell markers. The expression levels of tenascin-C (TNC), type I collagen (COL1),
type III collagen (COL3), scleraxis (SCX), and decorin (DCN) were higher in tenocytes in the PRP groups than in the control group,
with LR-PRP higher than LP-PRP. The expression of non–tenocyte related gene, SRY-box transcription factor–9 (SOX9), was
increased in tenocytes treated with LP-PRP but not with LR-PRP.
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Our research also indicated that LR-PRP stimulated RC
tenocyte proliferation better compared with LP-PRP. In
addition, tenocytes stimulated via LR-PRP demonstrated
higher levels of tenocyte-related genes, while LP-PRP
expressed a higher level of the chondrogenic gene SOX9.
However, an in vitro study using rabbit tendon stem cells
(TSCs) by Zhang et al40 achieved the opposite result. In
their study, LR-PRP had a negative effect on TSCs by inhi-
biting the proliferation of TSCs, accelerating nontenocyte
differentiation, and inducing the apoptosis of TSCs. An ani-
mal study using a rabbit Achilles tendinopathy model to
compare the efficacy of LR-PRP and LP-PRP concluded that
LP-PRP improves tendon healing and is a preferable option
for the clinical treatment of tendinopathy.38 With a previ-
ous clinical study suggesting that high interleukin–1b and
TGF-b1 levels are beneficial to the clinical outcomes of RC
tendinopathy, we assume that the different conclusions of
these studies may result from the different injury sites,
such as the RC and Achilles tendon, and different cell ori-
gins, such as rabbits and humans.

Regarding human RC tears and different PRP formula-
tions, Cross et al8 demonstrated that LP-PRP promotes
normal collagen matrix synthesis and decreases cytokines
associated with matrix degradation and inflammation to a
greater extent than LR-PRP does. To the contrary, Jiang
et al15 found a higher gene expression and more protein
synthesis of COL1 with LR-PRP than with LP-PRP, which
led to more mature collagen fibers, a larger fiber diameter,
a higher failure load, and higher tensile stress. A network
meta-analysis including 13 randomized controlled trials by
Hurley et al14 demonstrated that LP-PRP was found to
significantly reduce the rate of retears and/or incomplete
tendon healing after arthroscopic RC repair. It also
improved visual analog scale for pain, Constant, and Uni-
versity of California, Los Angeles, scores. LR-PRP did not
result in any significant improvements over the control
group, except for the visual analog scale score for pain.
However, post hoc analysis did not reveal significant
improvements of LP-PRP over LR-PRP in any category.14

Therefore, the evidence to support an optimal leukocyte
concentration of PRP remains controversial, as the meta-
analysis failed to record the platelet count, leukocyte to
platelet ratio, growth factor concentrations, and whether
PRP was activated. All these variables may be influenced
by patient characteristics and preparation methods.

Limitations

There are limitations to our study. First, better tenocyte
proliferation and gene expression in vitro cannot represent
better clinical outcomes in patients with RC tears. Although
a randomized controlled trial29 found an improvement in
pain with 2 injections of LR-PRP compared with a placebo
injection, there are few studies that have directly compared
LR-PRP and LP-PRP in RC tears. Further clinical studies
should focus on the efficacy of LR-PRP and LP-PRP in RC
tears. Second, the application timing of LR-PRP and LP-PRP
is another key factor that may influence outcomes. For the
treatment of acute tendon injuries, leukocytes in LR-PRP
may be helpful when inflammation is at a critical stage by

inducing a catabolic response and in fighting off infections.25

However, the prolonged duration of the infiltration of exces-
sive neutrophils may impair the healing process as chronic
inflammation replaces acute inflammation.9 Therefore, it is
suggested that the application of LR-PRP and LP-PRP be
dependent on the different types of tendon injuries and heal-
ing stages.33 A recent study found that the intratendon
delivery of LR-PRP at an early stage showed a beneficial
effect for the repair of tendinopathy but not at a late stage.20

Future studies should focus on the application of different
PRP compositions to different stages of the tendon healing
process.

A third limitation was that only 3 male patients were
included in this study, as PRP from male patients contains
a higher level of cytokines and growth factors compared
with that from female patients.37 Also, the ratio of growth
factors to proinflammatory cytokines is higher in younger
groups compared with older groups.37 We enrolled 3
middle-aged male patients to control the study cohort as
much as possible . Further studies should focus on sex-
specific analysis in the relationship between RC injuries
and the different preparations of PRP.

CONCLUSION

The findings of this study indicate that LR-PRP induced
more growth factor release and increased RC tenocyte pro-
liferation compared with LP-PRP.

REFERENCES

1. Arimura H, Shukunami C, Tokunaga T, et al. TGF-beta1 improves

biomechanical strength by extracellular matrix accumulation without

increasing the number of tenogenic lineage cells in a rat rotator cuff

repair model. Am J Sports Med. 2017;45(10):2394-2404.

2. Boswell SG, Schnabel LV, Mohammed HO, et al. Increasing platelet

concentrations in leukocyte-reduced platelet-rich plasma decrease

collagen gene synthesis in tendons. Am J Sports Med. 2014;42(1):

42-49.

3. Bullough R, Finnigan T, Kay A, Maffulli N, Forsyth NR. Tendon repair

through stem cell intervention: cellular and molecular approaches.

Disabil Rehabil. 2008;30(20-22):1746-1751.

4. Chiu C, Chen P, Yeh W, et al. The gelling effect of platelet-rich fibrin

matrix when exposed to human tenocytes from the rotator cuff in

small-diameter culture wells and the design of a co-culture device

to overcome this phenomenon. Bone Joint Res. 2019;8(5):216-223.

5. Chiu CH, Lei KF, Yeh WL. Development of a co-culture device for the

study of human tenocytes in response to the combined stimulation of

electric field and platelet rich plasma (PRP). Biomed Microdevices.

2017;19(3):69.

6. Chiu CH, Lei KF, Yeh WL, et al. Comparison between xCELLigence

biosensor technology and conventional cell culture system for real-

time monitoring human tenocytes proliferation and drugs cytotoxicity

screening. J Orthop Surg Res. 2017;12(1):149.

7. Chung SW, Song BW, Kim YH, Park KU, Oh JH. Effect of platelet-rich

plasma and porcine dermal collagen graft augmentation for rotator

cuff healing in a rabbit model. Am J Sports Med. 2013;41(12):

2909-2918.

8. Cross JA, Cole BJ, Spatny KP, et al. Leukocyte-reduced platelet-rich

plasma normalizes matrix metabolism in torn human rotator cuff ten-

dons. Am J Sports Med. 2015;43(12):2898-2906.

9. Diegelmann RF, Evans MC. Wound healing: an overview of acute,

fibrotic and delayed healing. Front Biosci. 2004;9:283-289.

The Orthopaedic Journal of Sports Medicine Tenocyte Proliferation With Different PRP Formulations 7



10. Dragoo JL, Braun HJ, Durham JL, et al. Comparison of the acute

inflammatory response of two commercial platelet-rich plasma sys-

tems in healthy rabbit tendons. Am J Sports Med. 2012;40(6):

1274-1281.

11. Everts PA, Overdevest EP, Jakimowicz JJ, et al. The use of autolo-

gous platelet-leukocyte gels to enhance the healing process in sur-

gery: a review. Surg Endosc. 2007;21(11):2063-2068.

12. Fitzpatrick J, Bulsara MK, O’Donnell J, Zheng MH. Leucocyte-rich

platelet-rich plasma treatment of gluteus medius and minimus tendi-

nopathy: a double-blind randomized controlled trial with 2-year

follow-up. Am J Sports Med. 2019;47(5):1130-1137.

13. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA.

Platelet-rich plasma: from basic science to clinical applications.

Am J Sports Med. 2009;37(11):2259-2272.

14. Hurley ET, Colasanti CA, Anil U, et al. The effect of platelet-rich

plasma leukocyte concentration on arthroscopic rotator cuff repair:

a network meta-analysis of randomized controlled trials. Am J Sports

Med. 2021;49(9):2528-2535.

15. Jiang G, Wu Y, Meng J, et al. Comparison of leukocyte-rich platelet-

rich plasma and leukocyte-poor platelet-rich plasma on Achilles ten-

dinopathy at an early stage in a rabbit model. Am J Sports Med. 2020;

48(5):1189-1199.

16. Jo CH, Kim JE, Yoon KS, Shin S. Platelet-rich plasma stimulates cell

proliferation and enhances matrix gene expression and synthesis in

tenocytes from human rotator cuff tendons with degenerative tears.

Am J Sports Med. 2012;40(5):1035-1045.

17. Kim SJ, Yeo SM, Noh SJ, et al. Effect of platelet-rich plasma on the

degenerative rotator cuff tendinopathy according to the composi-

tions. J Orthop Surg Res. 2019;14(1):408.

18. Kruger JP, Freymannx U, Vetterlein S, et al. Bioactive factors in

platelet-rich plasma obtained by apheresis. Transfus Med Hemother.

2013;40(6):432-440.

19. LaPrade RF, Goodrich LR, Phillips J, et al. Use of platelet-rich plasma

immediately after an injury did not improve ligament healing, and

increasing platelet concentrations was detrimental in an in vivo animal

model. Am J Sports Med. 2018;46(3):702-712.

20. Li S, Wu Y, Jiang G, et al. Intratendon delivery of leukocyte-rich

platelet-rich plasma at early stage promotes tendon repair in a rabbit

Achilles tendinopathy model. J Tissue Eng Regen Med. 2020;14(3):

452-463.

21. Mazzocca AD, Chowaniec D, McCarthy MB, et al. In vitro changes in

human tenocyte cultures obtained from proximal biceps tendon: mul-

tiple passages result in changes in routine cell markers. Knee Surg

Sports Traumatol Arthrosc. 2012;20(9):1666-1672.

22. Mazzocca AD, McCarthy MB, Chowaniec DM, et al. The positive

effects of different platelet-rich plasma methods on human muscle,

bone, and tendon cells. Am J Sports Med. 2012;40(8):1742-1749.

23. McCarrel TM, Minas T, Fortier LA. Optimization of leukocyte concen-

tration in platelet-rich plasma for the treatment of tendinopathy.

J Bone Joint Surg Am. 2012;94(19):e143(1-8).

24. Meislin RJ, Sperling JW, Stitik TP. Persistent shoulder pain: epidemi-

ology, pathophysiology, and diagnosis. Am J Orthop (Belle Mead NJ).

2005;34(12 suppl):5-9.

25. Moojen DJ, Everts PA, Schure RM, et al. Antimicrobial activity of

platelet-leukocyte gel against Staphylococcus aureus. J Orthop Res.

2008;26(3):404-410.

26. O’Brien M. Structure and metabolism of tendons. Scand J Med Sci

Sports. 1997;7(2):55-61.

27. Parrish WR, Roides B, Hwang J, et al. Normal platelet function in

platelet concentrates requires non-platelet cells: a comparative in

vitro evaluation of leucocyte-rich (type 1a) and leucocyte-poor (type

3b) platelet concentrates. BMJ Open Sport Exerc Med. 2016;2(1):

e000071.

28. Pauly S, Stahnke K, Klatte-Schulz F, et al. Do patient age and sex

influence tendon cell biology and clinical/radiographic outcomes after

rotator cuff repair? Am J Sports Med. 2015;43(3):549-556.

29. Rha DW, Park GY, Kim YK, Kim MT, Lee SC. Comparison of the

therapeutic effects of ultrasound-guided platelet-rich plasma injec-

tion and dry needling in rotator cuff disease: a randomized controlled

trial. Clin Rehabil. 2013;27(2):113-122.

30. Rodeo SA, Delos D, Williams RJ, et al. The effect of platelet-rich fibrin

matrix on rotator cuff tendon healing: a prospective, randomized clin-

ical study. Am J Sports Med. 2012;40(6):1234-1241.

31. Sanchez M, Anitua E, Azofra J, et al. Comparison of surgically

repaired Achilles tendon tears using platelet-rich fibrin matrices. Am

J Sports Med. 2007;35(2):245-251.

32. Tashjian RZ, Hollins AM, Kim HM, et al. Factors affecting healing rates

after arthroscopic double-row rotator cuff repair. Am J Sports Med.

2010;38(12):2435-2442.

33. Thomopoulos S, Parks WC, Rifkin DB, Derwin KA. Mechanisms of

tendon injury and repair. J Orthop Res. 2015;33(6):832-839.

34. Tsai WC, Yu TY, Chang GJ, et al. Platelet-rich plasma releasate pro-

motes regeneration and decreases inflammation and apoptosis of

injured skeletal muscle. Am J Sports Med. 2018;46(8):1980-1986.

35. Weber SC, Kauffman JI, Parise C, Weber SJ, Katz SD. Platelet-rich

fibrin matrix in the management of arthroscopic repair of the rotator

cuff: a prospective, randomized, double-blinded study. Am J Sports

Med. 2013;41(2):263-270.

36. Wesner M, Defreitas T, Bredy H, et al. A pilot study evaluating the

effectiveness of platelet-rich plasma therapy for treating degenerative

tendinopathies: a randomized control trial with synchronous observa-

tional cohort. PLoS One. 2016;11(2):e0147842.

37. Xiong G, Lingampalli N, Koltsov JCB, et al. Men and women differ in

the biochemical composition of platelet-rich plasma. Am J Sports

Med. 2018;46(2):409-419.

38. Yan R, Gu Y, Ran J, et al. Intratendon delivery of leukocyte-poor

platelet-rich plasma improves healing compared with leukocyte-rich

platelet-rich plasma in a rabbit Achilles tendinopathy model. Am J

Sports Med. 2017;45(8):1909-1920.

39. Zhang C, Liu YJ. Biomechanic and histologic analysis of fibroblastic

effects of tendon-to-bone healing by transforming growth factor

beta1 (TGF-beta1) in rotator cuff tears. Acta Cir Bras. 2017;32(12):

1045-1055.

40. Zhang L, Chen S, Chang P, et al. Harmful effects of leukocyte-rich

platelet-rich plasma on rabbit tendon stem cells in vitro. Am J Sports

Med. 2016;44(8):1941-1951.

8 Lin et al The Orthopaedic Journal of Sports Medicine


	Leukocyte-Rich Platelet-Rich Plasma Has Better Stimulating Effects on Tenocyte Proliferation Compared With Leukocyte-Poor Platelet-Rich Plasma
	METHODS
	Isolation of Tenocytes
	LR-PRP and LP-PRP Preparation
	Stimulation of Tenocytes via PRP
	Quantification of Cells
	Gene Analysis by qRT-PCR
	Evaluation of Growth Factors in Coculture Device
	Statistical Analysis

	RESULTS
	Different PRP Analyses
	Growth Factor Levels in LR-PRP and LP-PRP
	Effects of LR-PRP and LP-PRP on Tenocyte Proliferation
	qRT-PCR for Gene Analysis

	DISCUSSION
	Limitations

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


