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Comparison of Allogeneic Platelet-rich
Plasma With Autologous Platelet-rich
Plasma for the Treatment of Diabetic
Lower Extremity Ulcers
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Abstract
Autologous platelet-rich plasma (au-PRP) has been widely used for the management of refractory chronic wounds. However,
patients with diabetic lower extremity ulcers (DLEUs) usually have complicated clinical conditions, and the utility of au-PRP is
limited. In this study, the feasibility, effectiveness, and safety of allogeneic platelet-rich plasma (al-PRP) and au-PRP were
investigated and compared in the treatment of DLEUs. A total of 75 in-patients with type 2 diabetes were assigned to the al-
PRP group (n¼ 20), au-PRP group (n¼ 25), and conventional wound therapeutic (CWT) group (n¼ 30) matched by the ankle
brachial index and ulcer size from December 2015 to August 2018. Based on metabolic and nutritional regulation, infective
control, and topical wound management, al-PRP, au-PRP, and CWT were administered to each group, respectively. Evaluation
of treatment outcomes was determined by the parameters of wound healing and adverse reactions. The therapeutic times and
average concentration of platelets were not significantly different between the au-PRP and al-PRP groups. The wound healing
times of the al-PRP group (56.9 + 29.22 d) and au-PRP group (55.6 + 33.8 d) were significantly shorter than those of the
CWT group (88.0 + 43.4 d) (P < 0.01), but there was no significant difference between the groups with PRP treatment.
Although there was no significant difference in the daily healing area among all groups (P > 0.05), the trend of the healing rate in
the al-PRP group (16.77 + 12.85 mm2), au-PRP group (14.31 + 18.28 mm2), and CWT group (9.90 + 8.51 mm2) gradually
decreased. No obvious adverse reactions (fever, edema, pain, skin itching, rash, or other sensory abnormalities) were observed
in either the au-PRP or the al-PRP groups. Both al-PRP and au-PRP could effectively and safely promote wound healing in patients
with DLEUs. Alternatively, al-PRP could be used for DLEUs as an off-the-shelf solution when au-PRP is limited.
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Introduction

Lower extremity ulcers affect millions of people, resulting

in a significant public health problem and economic bur-

den1. Diabetes is one of the most common causes of lower

extremity ulcers2. Diabetic lower extremity ulcers

(DLEUs) are prone to being chronic and refractory with a

high risk of amputation3,4. Therefore, exploring new tech-

nologies to accelerate wound healing is the key to reducing

disability and mortality. A systematic review performed by

the International Working Group on the Diabetic Foot to

evaluate the effect of cell therapy, including platelets, stem

cells, and growth factors, indicated that platelet-rich

plasma (PRP) has a promising clinical outcome in wound

healing5.

PRP is a platelet concentrate separated from whole blood

by centrifugation. PRP has been widely applied in the fields

of tissue engineering and regenerative medicine6,7. The the-

oretical benefit of PRP has suggested a positive influence on

the migration, proliferation, and angiogenesis in vitro, as

well as in animal and human studies6,8,9. Based on the source

of whole blood, PRP is commonly prepared as autologous

platelet-rich plasma (au-PRP) and allogeneic platelet-rich

plasma (al-PRP). In the fields of veterinary medicine and

human medicine, au-PRP could be considered an effective

adjunctive therapy in promoting healing of skin wounds in

animals10,11. Similarly, au-PRP has been verified as a feasi-

bility and safety treatment for venous leg ulcers12,13. In addi-

tion, PRP was also used for regenerative medicine in other

medical fields, including orthopedics, ophthalmology, and

dentistry14–20. In particular, au-PRP can enhance healing in

the treatment of diabetic-associated foot ulcers21,22. Our pre-

vious clinical and basic studies suggest that au-PRP not only

plays a role in stimulating soft tissue regeneration but also

shows biological antibacterial properties in the treatment of

diabetic foot ulcers with severe infection23,24. However,

patients with DLEUs usually have severe complications and

comorbidities. Furthermore, the protocol for au-PRP pre-

paration is variable, and the therapeutic outcomes lack repro-

ducibility25. Because of the complicated clinical conditions,

the application of au-PRP for patients with DLEUs is lim-

ited. Whether al-PRP can have reliable and safe therapeutic

effects compared with au-PRP is worthy of investigation.

According to a literature review, only a few pilot or case

studies of al-PRP have been used to promote tissue regen-

eration with negligible immunogenicity and great healing

effectiveness26,27. The application of al-PRP for DLEU

treatment has been less investigated. Additionally, no study

has been conducted to compare the safety and effectiveness

of al-PRP over au-PRP.

Therefore, to overcome the clinical limitations of au-PRP

treatment, this study aims to explore the feasibility, effec-

tiveness, and safety of al-PRP for application in the treat-

ment of DLEUs.

Materials and Methods

Participants

A total of 75 inpatients with DLEUs were enrolled in a

diabetes setting from December 2015 to August 2018.

Patients were assigned to the al-PRP group (n ¼ 20), au-

PRP group (n ¼ 25), or conventional wound treatment

(CTW) group (n ¼ 30) matched by the ankle brachial index

(ABI) and ulcer size according to the wishes and permits of

the patients. The inclusion criteria were as follows: (1)

inpatients aged 30 to 90 y, (2) a definite diagnosis of type

2 diabetes mellitus based on the 1999 diabetes diagnosis

standard of the World Health Organization, (3) patients

with mild to moderate lower limb ischemia (ABI larger

than 0.5), and (4) patients with at least one skin ulcer under

the knee joint. The exclusion criteria included diabetic

ketoacidosis or a hyperosmolar hyperglycemic state;

uncontrolled systemic or local infection; dry or moist gang-

rene; severe coronary, cerebral, and/or renal vascular dis-

eases; malignant tumors; pregnant or breast-feeding

women; and hematological system diseases. This study was

approved by the Ethical Committee Board of Southwest

Hospital and complied with the recommendations of the

Declaration of Helsinki. Written informed consent was

obtained from all patients.

The Preparation of PRP

A modified procedure was performed for au-PRP prepara-

tion based on a procedure reported by Li et al28. A total of 50

to 100 ml (based on the wound sizes) of peripheral venous

whole blood was aspirated into a sterilized centrifuge tube

with acid citrate dextrose solution B anticoagulants on the

same day of treatment. Immediately, the erythrocyte concen-

trate was discarded after centrifugation with a freezing cen-

trifuge (Beckman, Life Sciences, IN, USA) at 600 rpm for 15

min. The remaining plasma was further centrifuged at 1,135

g for 7 min to separate the PRP from platelet-poor plasma” in

the section of “preparation of PRP. The number of platelets

was calculated with an automatic blood cell analyzer (Sys-

mex XE-2100; Nigale, Chengdu, China).

For the preparation of al-PRP, an ABO- and Rh-matched

platelet concentrate for patient treatment was ordered from

the blood bank and delivered to the laboratory on the same

day of treatment. The preparation process of al-PRP was the

same as that of au-PRP. Before the preparation of PRP,

infectious markers were examined in order to exclude hepa-

titis B virus, hepatitis C virus, and human immunodeficiency

virus. Before treatment with PRP, 1,000 IU bovine thrombin

was mixed with 1 ml of 10% calcium gluconate injection at a

concentration of 1,000 IU/ml; PRP was then activated with

the mixed solution described above at a proper proportion of

10:1 (V/V).
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Study Design, Procedures, and Follow-up

The study was designed as a prospective, case-controlled

cohort, and single-center clinical trial for the purpose of

comparing the effectiveness of topical al-PRP or au-PRP

application versus standard treatment on DLEUs. All par-

ticipants received systemic therapies and standard topical

wound care. Clinical management included controlling

blood sugar, blood pressure, and blood lipids; systemic

antibiotic therapy depended on drug sensitivity test of

wound drainage or tissue; nutritional support (enough cal-

ories, hemoglobin concentration more than 90 g/l, and

serum albumin level more than 30 g/l); and nerve-trophic

and circulation-improving therapies (mecobalamin 0.5 mg

tid and aspirin 100 mg qd if it is necessary) with same

procedures in all participants. Local treatments were admi-

nistrated with same procedures for all patients, which

include thoroughly removed nonviable tissue with surgical

debridement, drainage with topical dressing, or negative

pressure wound therapy. Systemic and local therapies were

continued until the observational period ended. Participants

in the conventional wound therapeutic (CWT) group were

administered the systemic and topical wound therapies

described above. When the wound beds were clean without

obvious necrotic tissue and purulent secretion, topical

administration of al-PRP or au-PRP was performed for

participants in the au-PRP group (Fig. 1) or au-PRP group

(Fig. 2), respectively. If there was no specific discomfort

after application, the dressing was changed after 5 d.

Generally, if the wound area reduction rate was less than

80% or the remaining wound areas were larger than 1 cm2

within 2 wk after PRP application, PRP treatments were

performed28.

All the participants were followed until wound closure

was complete or until surgical operation, even amputation.

The feasibility, curative effect, and safety of al-PRP and al-

PRP were evaluated and compared according to the wound

healing time, the average daily healing area and adverse

reactions (infection, itching, redness, pain, rash, etc.).

Fig. 1. A 67-year-old man with diabetes mellitus had a nonhealing ulcer in the front of his left foot at the ankle joint level (A). After
debridement, the al-PRP was administrated immediately (B). Six days after application of al-PRP (C). Six weeks after the treatment, the
wound was complete closure (D). One application of al-PRP was performed for this patient. al-PRP: allogeneic platelet-rich plasma.
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Statistical Methods

The experimental data were processed with SPSS Version

22.0 statistical software (IBM, Armonk, NY, USA). Contin-

uous variables are described as the means + standard devia-

tions. For the data that satisfied the variables with normal

distribution, comparisons of the two groups were made with

t-tests, comparisons of multiple groups were performed with

one-way analysis of variance, and further pairwise compar-

isons were performed using Bonferroni tests. For variables

that did not meet the normal distribution, comparisons of

multiple groups were performed using the Kruskal–Wallis

test, and pairwise comparisons using Steel–Dwass test. The

enumeration data were described using ratios or rates. Fish-

er’s exact test was used for comparisons between groups. A

test level of P < 0.05 was considered statistically significant.

Results

The characteristics of all participants are shown in Table 1.

There were 15 subjects with diabetic foot ulcers and 5 with

lower leg ulcers in the al-PRP group, there were 21 subjects

with diabetic foot ulcers and 4 with lower leg ulcers in the

au-PRP group, and there were 26 subjects with diabetic foot

ulcers and 4 with lower leg ulcers in the CWT group. All

inpatients completed follow-up in the study. Two partici-

pants underwent skin grafting after consultation by a surgeon

in the au-PRP group.

Comparison of Demographic Characteristics

No significant differences were observed in sex, age, dia-

betes duration, smoking history, etc. among the three groups

Fig. 2. A 61-year-old man presented with a diabetic ulcer on the lateral side of right foot at the ankle joint level (A). After debridement, the
au-PRP was performed immediately (B). Five weeks after the first application of au-PRP, complete epithelization was achieved. One
application was performed for this patient. au-PRP: autologous platelet-rich plasma

Table 1. Comparison of Clinical Characteristics.

Variable al-PRP group (n ¼ 20) au-PRP group (n ¼ 25) CWT group (n ¼ 30) P-value

Sex (male/female) 15/5 13/12 21/9
Age, y 66.3 + 14.3 64.6 + 11.0 66.1 + 12.1 0.71F

Diabetes, months 112 + 77.5 122 + 92.5 140 + 96.4 0.53H

Smoking history (%) 8 (40.0) 9 (36.0) 16 (53.3) 0.42
Hypertension (%) 8 (40.0) 15 (60.0) 20 (66.7) 0.19
Heart disease (%) 2 (10.0) 2 (8.0) 6 (20.0) 0.42
Cerebral infarction (%) 3 (15.0) 1 (4.0) 8 (26.7) 0.09
Hyperlipidemia (%) 2 (10.0) 11 (44.0) 9 (30.0) 0.08
DN (%) 18 (90.0) 22 (88.0) 28 (93.3) 0.90
DPV (%) 17 (85.0) 24 (96.0) 29 (96.7) 0.30
DKD (%) 8 (40.0) 7 (28.0) 18 (60.0) 0.12
DR (%) 2 (10.0) 2 (8.0) 7 (23.3) 0.28

al-PRP: allogeneic platelet-rich plasma; au-PRP: autologous platelet-rich plasma; CWT: conventional wound therapeutic; DKD: diabetic kidney disease; DN:
diabetic neuropathy; DPV: diabetic peripheral vascular disease; DR: diabetic retinopathy.
F: analysis of variance; H: rank sum test (Kruskal–Wallis test); The enumeration data: Fisher’s exact test.
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(P > 0.05). There were no significant differences in compli-

cations of hypertension, heart disease, cerebral infarction,

hyperlipidemia, diabetic neuropathy, diabetic peripheral

vascular disease, diabetic kidney disease, neuropathy, or

diabetic retinopathy (P > 0.05).

Comparison of Laboratory Examinations

No significant differences were observed in glycosylated

hemoglobin, white blood cell count, C-reactive protein,

procalcitonin, ankle brachial index, transcutaneous oxygen

partial pressure, etc. among the three groups (P > 0.05)

(Table 2).

Comparison of the Number and Concentration of
Platelets

After preparation, the concentration of enriched platelets in

the al-PRP group and the au-PRP group reached (1042.9 +
180.3)� 109/l and (939.3 + 237.4)�109/l, respectively, but

no significant difference was found between the two groups.

There was also no significant difference in the average num-

ber of PRP treatments between the two groups (Table 3).

Comparison of Wound Healing Among All Groups

There was no significant difference between the ulcer area

and the number of ulcers among all groups (P > 0.05). In

terms of the healing time, the healing time of ulcers in the

al-PRP group (56.9 + 29.22 d) and the au-PRP group (55.6

+ 33.8 d) was significantly shorter than that of ulcers in the

CTW group (88.0 + 43.4 d) (P < 0.01), while there was no

significant difference between the au-PRP group and the al-

PRP group (P > 0.05). Although there was no significant

difference in the daily healing area among all groups (P >

0.05), the trend of the healing rate in the al-PRP group

(16.77 + 12.85 mm2), au-PRP group (14.31 + 18.28

mm2), and CWT group (9.90 + 8.51 mm2) gradually

decreased (Table 4).

Table 2. Comparison of Laboratory Parameters.

Variable al-PRP group au-PRP group CWT group P-value

HBA1c (%) 7.46 + 1.21 7.82 + 2.45 8.47 + 2.74 0.68H

WBC (1012) 6.11 + 1.58 6.24 + 1.42 7.49 + 3.35 0.08F

CRP (mg/l) 15.5 + 26.2 3.09 + 3.54 9.71 + 14.0 0.15H

PCT (pg/ml) 0.06 + 0.045 0.03 + 0.02 0.11 + 0.20 0.16H

ABI (left) 0.90 + 0.22 0.93 + 0.18 0.93 + 0.19 0.85H

ABI (right) 0.93 + 0.21 0.92 + 0.21 0.90 + 0.24 0.84H

TCPO2 standing (mmHg) 49.1 + 27.5 46.2 + 22.2 54.5 + 18.2 0.48F

ABI: ankle brachial index; al-PRP: allogeneic platelet-rich plasma; au-PRP: autologous platelet-rich plasma; CRP: C-reactive protein; CWT: conventional wound
therapeutic; HBA1c: glycated hemoglobin; PCT: procalcitonin; TCPO2: transcutaneous oxygen partial pressure; WBC: white blood cell.
F: analysis of variance; H: rank sum test (Kruskal–Wallis test); Count data: chi-square test.

Table 3. Comparison of the Average Number of PRP Treatments and Concentration of Platelet Therapy.

al-PRP group au-PRP group P-value

Initial platelet concentration (166.2 + 54.8) � 109/l (159.6 + 48.6) � 109/l 0.26T

Average PRP concentration (1042.9 + 180.3) � 109/l (939.3 + 237.4) � 109/l 0.11T

Times of PRP treatment 1.85 + 1.46 2.24 + 1.45 0.18H

al-PRP: allogeneic platelet-rich plasma; au-PRP: autologous platelet-rich plasma; PRP: platelet-rich plasma.
H: rank sum test (Kruskal–Wallis test); Count data: chi-square test; T: Student’s test.

Table 4. Comparison of Wound Healing in All Groups.

Parameters al-PRP group au-PRP group CWT group P-value

Ulcer area (cm2) 8.43 + 6.93 5.64 + 3.91 9.73 + 9.72 0.19H

Ulcer number 1.10 + 0.45 1.24 + 0.44 1.40 + 0.72 0.12H

Ulcer healing time (d) 56.9 + 29.22 55.6 + 33.8 88.0 + 43.4*# 0.002H

Healing area/day (mm2) 16.77 + 12.85 14.31 + 18.28 9.90 + 8.509 0.12H

al-PRP: allogeneic platelet-rich plasma; au-PRP: autologous platelet-rich plasma; CWT: conventional wound therapeutic.
H: rank sum test (Kruskal–Wallis test).
*Compared to al-PRP group, P < 0.05; #Compared to al-PRP group, P < 0.05.
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Adverse Event Observation

No patient was lost to follow-up or quit in the study. Among

the 45 subjects who were treated with either al-PRP or au-

PRP intervention for DLEUs, no local or systemic fever;

skin redness, edema, itching, rash or burning; or other sen-

sory abnormalities occurred.

Discussion

Patients with DLEUs have difficulty healing due to the loss

of wound healing-related growth factors and inflammatory

imbalance in the topical wound bed29,30. Novel biological

therapies may regulate and reverse the possible mechanism

of wound imbalance31,32. au-PRP-released growth factors

and antibacterial peptides can increase antibacterial effects

and promote diabetic wound repair, as well as relieve wound

pain23,24,33–35. A systematic review and meta-analysis

involving 431 participants with diabetic ulcers in eight ran-

domized controlled trails indicated a significantly increased

ratio of complete ulcer healing and reduced areas of ulcers

under the treatment of au-PRP36. Although the therapeutic

application of au-PRP in the past 20 y has been demonstrated

to be a safe and effective treatment, most patients with dia-

betic wounds are prone to be elderly and have a long diabetes

duration, malnutrition, infection, thrombocytopenia, hypo-

volemia, anemia, skin problems, and immune dysfunction

as well as take antiplatelet drugs37–39. Treating patients with

these conditions is difficult, especially when using au-PRP

or skin grafting. According to a review of previous literature,

al-PRP has been successfully applied for wound repair in

animal studies40–42 and human clinical studies26,43,44. To the

best of our knowledge, this is the first study to verify the

feasibility, effectiveness, and safety of al-PRP in the treat-

ment of DLEUs to replace its autologous counterpart.

In this study, al-PRP and au-PRP could be enriched by the

separation of autologous platelets and banked allogeneic

platelets. Most importantly, al-PRP showed no significant

difference in the concentration of platelets with au-PRP in

order to reach an similarly effective concentration of approx-

imately six times above baseline. Previous studies indicated

that a satisfactory result would be achieved with a proper

concentration of PRP approximately five times above

baseline10,45,46.

An important point to realize here is that increased rota-

tion force can result in a higher platelet concentration; how-

ever, forces that are too high may induce an early activation

of platelets, resulting in the loss of growth factors and ther-

apeutic efficiency of PRP39.

Since al-PRP can be prepared well and in an adequate

quantity by centrifugation with banked platelets, there is also

the opportunity to use al-PRP for the promotion of wound

healing, even in diabetic patients with poor physical and

mental conditions, due to the difficulties of au-PRP prepara-

tion and skin grafting. In particular, the repetitive collection

of whole blood may cause an additional health burden to

patients because of red blood cell damage and white blood

cell loss, which may worsen their illness and delay wound

healing. Thus, al-PRP from well-characterized donors has

been considered an off-the-shelf solution because it can

avoid harvesting large quantities of whole blood and can

fully utilize precious blood resources47. Additionally,

because of the great variability of issues induced by different

protocols, au-PRP can be compromised, leading to reduced

clinical efficacy25. al-PRP was prepared by a blood compo-

nent separator with whole blood from a healthy donor stored

in a blood bank. Therefore, it could be considered a biolo-

gical therapeutic product using a standard protocol of pre-

paration. The remaining blood components could be fully

used in the clinic.

This result suggested that both au-PRP and al-PRP could

accelerate ulcer healing on the basis of conventional wound

treatment in the present study. However, there was no sig-

nificant difference in the healing time between the au-PRP

and al-PRP groups, suggesting that al-PRP was not superior

to au-PRP. The possible influence on effectiveness induced

by the total amount of platelets was excluded because the

treatment times of PRP and the average platelet concentra-

tion were not significantly different. The results of al-PRP

and au-PRP were consistent with those of previous studies

on diabetic foot ulcers28,44,48. A comparative study that

assessed the efficacy and safety of platelets from ABO and

rhesus-matched blood bank samples for diabetic foot ulcers

revealed a significant improvement in the healing of the al-

PRP group at 12 wk44. In another study of 10 patients with

aggressive, life-threatening, and refractory ulcers, a combi-

nation treatment of al-PRP, fibrin glue, and collagen matrix

also had a satisfying outcome48. Similarly, a randomized

clinical trial of au-PRP was performed by Ran et al. to

examine the safety and effectiveness, and the topical appli-

cation of au-PRP facilitated wound healing of diabetic

chronic refractory cutaneous ulcers based on standard treat-

ment28. In another study, compared to local antiseptic dres-

sings, au-PRP was more effective in terms of the healing rate

and prevention of infection in clean diabetic ulcers49. This is

the first study to confirm that al-PRP has an equivalent

effectiveness and safety to accelerate wound healing of

DLEUs. Furthermore, the present study was supported by

a basic study of cartilage culture, in which the results sug-

gested that allogeneic freeze-dried platelet lysate presented

equivalent effects compared to frozen autologous platelet

lysate50.

For both au- and al-PRP, their role depends on the high

concentration of various growth factors produced by the

degranulation of concentrated platelets, including fibroblast

growth factor, transforming growth factor, insulin-like

growth factor, vascular endothelial growth factor, and

platelet-derived growth factor23,39. These growth factors are

released after activation by thrombin or calcium chloride and

play an important role in tissue repair and regeneration. On

the other hand, PRP can inhibit the growth of Pseudomonas

aeruginosa, Staphylococcus aureus, and Streptococcus
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faecalis for up to 2 h of incubation through chemokine (C-C

motif) ligand-3, chemokine (C-C motif) ligand-5, and che-

mokine (C-X-C motif) ligand-151. CaCl2-activated PRP

exhibited antimicrobial activity against Methicillin-resistant

S. aureus infection to improve the infected wound healing

re-epithelization and granulation tissue formation in dogs52.

In terms of clinical practice, PRP provides a “biological

antibacterial agent” to treat diabetic skin ulcers with severe

or multidrug-resistant infection23,53–55. A previous pilot

study that compared the use of al-PRP with the current best

practice approach of chronic wound dressing protocols for

pressure sores reported that there was no significant differ-

ence in volume reduction between the two groups. However,

the rate of granulation tissue proliferation in an al-PRP-

treated group was significantly faster than that in the control

group during the first 2 wk of treatment, suggesting that al-

PRP treatment plays an important role in granulation tissue

proliferation in the early stage of initiation26. For the speed

of healing area per day, there was a reduced trend but no

significant difference between treatment with al-PRP and

au-PRP. After carefully reviewing the treatment, two

patients underwent skin grafting according to the suggestion

of the surgeon in the au-PRP group. Therefore, the healing

times of these two patients were shortened, resulting in an

increase in the healing rate.

Currently, al-PRP has not been widely used in clinical

applications; the risk of immune reactions and crossed con-

tamination is the major obstacle. In this study, patients

treated with al-PRP showed no obvious local inflammation,

allergies, or other adverse reactions, similar to patients

treated with au-PRP. We speculate the following possible

reasons. First, al-PRP was prepared with ABO- and Rh-

matched by a blood bank platelet concentrate, which

required a strict process of sterilization and the exclusion

of infectious disease. Second, al-PRP was applied locally

to the lower extremity ulcers, which may be the reason why

an immune response, such as a skin allergy, was not

observed. An animal experiment was employed to investi-

gate the immunogenicity, indicating that a severe and

chronic immune response was not triggered with an intra-

muscular injection of al-PRP in rabbits27. Finally, a possible

mechanism of “immune exemption” is as follows: al-PRP, as

a type of gel, can be degraded and absorbed completely in

the topical wound so that little al-PRP enters into the circu-

latory system and avoids most alloantigens (human leuko-

cyte antigens (HLA) and human platelet antigens (HPA))11.

The structure and expression levels of platelet surface anti-

gen after activation may be altered and may reduce

immunogenicity56.

The preparation of al-PRP is simple and easy, and the

therapeutic effects and safety are certain. al-PRP is a new

type of biological therapeutic recommended for patients

with the following complicated conditions: (1) platelet defi-

ciency or disease, (2) anemia, (3) malnutrition or cachexia,

(4) severe immune dysfunction, (5) bleeding disorders, (6)

severe infection or sepsis, (7) undergoing chemotherapy, (8)

long-term use of antiplatelet drugs, (9) severe edema with

skin grafting difficulty, and (10) withdrawal from biological

therapy but refusal of au-PRP. However, there are some

limitations in this study. Firstly, this was a proof-of-

principle pilot study with a limited number of cases. Sec-

ondly, because of ethical reason, the study cannot be

designed as a double-blinded trail, which might reduce the

argumentation intensity of the data. Finally, a large-scale

randomized controlled study should be conducted to further

determine the pros and cons of al-PRP in the future.

Conclusion

The use of al-PRP could provide a feasible, effective, and

safe biological therapy as an off-the-shelf solution for

DLEUs according to the present pilot study. A large-size

investigation is needed to further explore the ultimate value

of al-PRP when au-PRP is limited.
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