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Autologous platelet-rich gel combined with in vitro amplification
of bone marrow mesenchymal stem cell transplantation to treat
the diabetic foot ulcer: a case report
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Abstract: The diabetic foot ulcer (DFU) is the leading cause of the high mortality and morbidity rates of
diabetes patients, and the DFU accounts for approximately 15% of all diagnosed diabetes cases in China.
Traditional treatment is typically ineffective for DFUs. Here, we present a case of DFU that was successfully
treated with an autologous platelet-rich gel (APG) and in vitro amplification of bone marrow mesenchymal
stem cell (BMMSC) transplantation. A 54-year-old woman initially presented with a right foot diabetic ulcer
at the hospital. A wound at the lateral malleolus of the right foot was observed with exudation and infection.
The standard treatment included glucose reduction with insulin, blood lipid control with atorvastatin,
circulation improvement with alprostadil, anti-infection treatment with sensitive antibiotics, debridement,
dressing, and continuous negative pressure suction, and after the standard treatment, the APG combined
with in vitro amplification of BMMSC transplantation was used to help the healing of the ulcer. All of
the above interventions may have contributed to the healing of the ulcer, and an APG combined with in
vitro amplification of BMMSCs may promote DFU healing. The difficulty of DFU treatment remains a
challenge, particularly in diabetic patients who develop foot ulcers, due to the complexity of its multifaceted

pathogenesis. This case represents an effective adjuvant treatment for such patients.
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Introduction patients have been estimated to have a lifetime risk of 15%

for developing a foot ulcer. Because the diabetic foot ulcer

Diabetic foot disease is a common chronic complication of

. S . . DFU) is a common occurrence and because traditional
diabetes. Diabetic neuropathy, peripheral vascular disease, ( )

secondary infection of the lower limbs, ulcers and/or deep treatment (including the control of blood glucose,

tissue damage are the characteristics and bases of diabetic blood lipids, and blood pressure; debridement; dressing;
foot disease. Diabetic foot disease underlies the high
rates of disability and mortality and the large burden of

medical expenses. The average prevalence rate of diabetic

circulation improvement with drugs such as alprostadil;
anti-infection treatment with sensitive antibiotics; anti-

platelet treatment; lower limb interventional surgery;

foot disease in China is 5.7%, and age, disease duration,
patient weight, smoking, hypertension and retinopathy are
all contributing factors to diabetic foot disease. Diabetic
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continuous negative pressure suction; off-loading; and other
therapy) is ineffective, the risk of lower limb amputation is
40 times higher for diabetic patients than for non-diabetic
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patients, and approximately 85% of amputations are caused
by DFUs (1). There is an urgent need for more effective
interventions for the DFU in clinical practice. We report a
case of a diabetic patient who presented at the hospital for
a routine follow-up visit with a complaint of an infected
ulcer in her right foot. After receiving the abovementioned
traditional treatment, she was successfully treated with the
autologous platelet-rich gel (APG) and i vitro amplification
of bone marrow mesenchymal stem cell (BMMSC)
transplantation.

Case presentation

A 54-year-old Chinese female with a medical history of
diabetes over the previous 10 years without monitoring of
the blood glucose was enrolled. She presented to our hospital
with complaints of a progressively worsening infection of
the right foot ulcer for over 15 days on 5 July 2017 after
using traditional Chinese medicine with no effect on her
ulcer. She also admitted to accompanying pain and obvious
oedema of the lower extremities. The patient denied any
tobacco or alcohol use or drug allergy. The physical exam
was unremarkable except for an ulcer of 2.5 cm x 1.5 cm at
the right foot lateral malleolus, with exudation and pus moss
on or surrounding the wound; swelling and pain of the tissue
were also observed. Laboratory reports including glucose
17.4 mmol/L, albumin 29.5 g/L, transaminase, bilirubin and
creatinine were normal and triglyceride 3.47 mmol/L (other
hospital), total cholesterol 9.58 mmol/L (other hospital),
and multiple tumour markers were also normal. Her
haemoglobin A1C was 14.6% (other hospital), indicating
poor control of her glucose. The transcutaneous oxygen
pressure (TcPO2) around the wound was 25-30 mmHg,
suggesting that the oxygen and blood supply to the ulcer
were strongly decreased. The ankle/brachial index (ABI)
of the right lower limb was between 0.9-1.0, and the
ABI of the left lower limb was between 1.0-1.3, within
the normal range (0.9-1.3), suggesting that the leg blood
supply was normal. The sensory threshold determination
indicated that the patient had a foot touch pressure of 10 g
nylon, multifaceted sensory loss and a serious deep sensory
disturbance. Electromyography revealed that the multiple
nerve sensory conduction and motor conduction velocity
were significantly decreased. X-ray examination in another
hospital suggested that there was no obvious abnormality
in the right side of the right side of the ankle. However, the
wound had obvious swelling, heat pain and inflammation.
Therefore, we checked the magnetic resonance of the foot.
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Magnetic resonance imaging revealed right limb and right
lateral malleolus injury; right ankle joint cavity effusion; and
right lateral malleolus and foot root soft tissue oedema (for
all of the abovementioned inspection reports, see Tuble I).
Patients with DFUs typically take a long time to recover.
Although her liver and kidney function were normal, her
glucose and lipid levels had not been well controlled for a
long time, and her urine protein levels were elevated, which
suggested early nephropathy. Electromyography suggested
neuropathy. Although the ABI of the lower extremities was
normal, the Tepo2 was significantly reduced, suggesting
that the local microcirculation was poor. According to the
literature and clinical experience (1,2), traditional treatment
such as glucose regulation, blood lipid control, debridement,
and continuous negative pressure suction may be ineffective.
Thus, we suggested to the patient that autologous BMMSC
transplantation and APG may have some effect on wound
healing on the basis of traditional treatment, and she agreed
to undergo the autologous BMMSC transplantation and
APG for DFU treatment. A similar treatment protocol had
been approved by the First Affiliated Hospital of the Third
Military Medical University Institutional Review Board,
conformed to the standards of the Declaration of Helsinki
and was registered with ClinicalIrials.gov, NCT 03248466
previously. The patient started the treatment with insulin
to regulate her blood glucose (the final treatment scheme
of insulin subcutaneous injection was 14 U of lispro before
breakfast, 12 U of lispro before lunch, 10 U of lispro before
supper, and 32 U of glargine at night); aspirin (100 mg once
a day); alprostadil (10 pg once a day) to improve circulation;
atorvastatin (20 mg once a night) to reduce cholesterol;
and appropriate antibiotics (Ceftazidime, 2 g twice a day).
After debridement and dressing, we treated the ulcer with
continuous negative pressure suction for 2 weeks. The
patient gained good blood glucose control (on the day of
transplantation, her fasting blood glucose was 6.2 mmol/L,
postprandial blood glucose was 6.8-8.4 mmol/L) and other
parameters were improved (see Table 1). Additionally the
wound was improved, only a little exudation and no pus
or moss coverage were observed, and the swelling and
pain of the surrounding tissue was reduced. On 2 August
2017, after foot debridement, the autologous BMMSCs
(cell: 2x10°%/L)) were subcutaneously injected around the
wound. After injection, the APG (platelets: 1,165x10°/L)
was covered with wound dressing (see Figure 14,B). The
dressing was changed once every 5-7 days (see Figure 1B,C).
After 14 days, the wound was significantly improved.
Because there was no obvious ischaemia and the granulation
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Inspection program

Value or report

Range of reference values

Glucose (2017-7-6)

White blood cell (2017-7-5)

Percentage of neutrophils (2017-7-5)
Albumin (2017-7-6)

Glutamic-pyruvic transaminase (2017-7-6)
Glutamic-oxalacetic transaminase (2017-7-6)
Total bilirubin (2017-7-6)

Creatinine (2017-7-6)

Glomerular filtration rate (2017-7-6)
Triglyceride (other hospital)

Total cholesterol (other hospital)

Multiple tumour markers (2017-7-7)
Microbial cultivation (2017-7-9)
Haemoglobin A1C (other hospital)

Transcutaneous oxygen pressure of the right
leg (2017-7-5)

Right ankle/brachial index (2017-7-5)

24-hour urinary protein quantitation (2017-7-7)
Thyroid hormone (2017-7-5)

Uric acid (2017-7-5)

Electromyography (2017-7-5)

X-ray (other hospital)

Magnetic resonance imaging (2017-7-5)

Albumin (2017-7-11)

Albumin (2017-7-27)

Glucose (2017-8-3)

White blood cell (2017-8-3)
Percentage of Neutrophils (2017-8-3)

Glomerular filtration rate (2017-8-3)

17.4 mmol/L
5.87x10°

65.6%

29.5 g/L

40.3 U/mL

35.1 U/ml

6.50 pmol/L

35.1 pmol/L
113.94 mL/min/L
3.47 mmol/L
9.58 mmol/L
Negative
Pseudomonas aeruginosa
14.6%

25-30 mmHg

0.9-1.3
408 mg
Normal

151.0 pmol/L

3.9-6.1 mmol/L
4-10x10°
50-70%

38-61 g/L

0-42 U/mL

0-42 U/mL

6-21 pymol/L
45-84 pmol/L
60-120 mL/min/L
0.4-1.73 mmol/L
3.1-5.7 mmol/L

Negative

4-6%

>40 mmHg

0.9-1.3
0-150 mg
Negative

155-428 pmol/L

Multiple nerve sensory conduction and motor conduction velocity were significantly

decreased

There was no obvious abnormality in the right side of the right side of the ankle

Right limb and right lateral malleolus injury, right ankle joint cavity effusion, right lateral
malleolus and foot root soft tissue oedema were evident

34.1 g/L
32.1¢g/L

6.77 mmol/L
4.76x10°

49.8%

114.51 mL/min/L

38-61 g/L

38-61 g/L
3.9-6.1 mmol/L
4x10°-10x10°
50-70%

60-120 mL/min/L
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Figure 1 DFU status after BMMSC implantation. Foot ulcer 1 day before (A) and after BMMSC implantation (B). Six days after BMMSC
implantation (C). The ulcer in a patient was cured 14 days after BMMSC implantation and sutured (D). The ulcer in the patient was healing

30 days after BMMSC implantation (E).

of the base was tender and rosy, to accelerate healing, we
sutured the wound (see Figure 1D). After 21 days and after
30 days, the wound was healed (see Figure 1E). The patient
had no specific discomfort or adverse reaction at the end of
the observation period.

Discussion

The DFU is the most serious complication of diabetes.
Diabetic patients are 40 times more likely to develop severe
ischaemic disease of the lower extremity and undergo
consequent amputations than non-diabetic patients.

© Annals of Translational Medicine. All rights reserved.

Approximately 85% of non-traumatic amputations are
caused by diabetic foot disease, and 15% of diabetic patients
experience at least one foot ulcer in their lives (2). Long-
term hyperglycaemia, hypertension, and hyperlipidaemia
lead to oxidative stress, and there is a lack of a blood and
oxygen supply to the foot, which makes diabetic foot
wounds difficult to heal and ultimately leads to amputation
or death. Traditional therapies such as drugs, hyperbaric
oxygen therapy, laser therapy and ultrasonic knife
debridement are not effective (2). Therefore, on the basis
of traditional therapy, the proper local management of foot
ulcers has great significance towards improving the DFU
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outcome.

Wound healing is a complex process, involving
coagulation, inflammation, cell migration, cell proliferation,
and remodelling phases. DFU healing is an important
problem; it consists of wound formation, peripheral vascular
disease, neuropathy and infection (3). Researchers have
suggested that the main reason for impaired DFU healing
lies in the infection and insufficient blood and oxygen
supply. Actually, proper wound management technologies,
such as debridement, decompression, anti-infection
treatment, hyperbaric oxygen therapy, revascularization and
local dressing are needed; however, these measurements are
not effective, and the amputation rate for diabetic patients
remains higher than that of non-diabetic patients (4).
Therefore, developing new measurements for DFU
treatment to resist infection and improve the local blood
and oxygen supply is essential.

In this case, the patient with the DFU did not recover
over a long period of time in another hospital, and after
she received the traditional treatment (insulin, aspirin,
atorvastatin, antibiotics and negative pressure therapy) in
our hospital, the ulcer was still poor healing, and some
useful treatments needed to be applied to improve wound
healing. Researchers have suggested that the local injection
of autologous BMMSC:s in the DFU and dressing coverage
with an APG can improve the local blood oxygen partial
pressure, accelerate wound healing, shorten the healing
and hospitalization times, and avoid late amputation;
however, no one has combined these two methods for DFU
treatment. There have also been reports that BMMSCs
and the APG can mediate local wound immune function,
improve wound infection and promote wound healing.
BMMSC:s are able to secrete a variety of growth factors
to improve the microcirculation of the DFU. BMMSCs
can stimulate cell proliferation and differentiation and
promote DFU repair through processes that involve growth
factors, matrix remodelling, immune regulation and anti-
inflammatory activities (5-7). The miRNAs in BMMSCs can
induce the secretion of many cytokines and regulate many
signalling pathways, which exert effects on inflammation, cell
proliferation and maturation and lead to DFU healing (2).
The in vitro amplification of BMMSC:s in our research may
provide more cells and cytokines, which are helpful to heal
the wound. As a kind of biological material, the APG has
played an important role in the treatment of diabetic foot
disease; it contains a variety of growth factors, including
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platelet-derived growth factor (PDGF), vascular endothelial
growth factor (VEGF), connective tissue growth factor
(CTGF), and TGF-B. Many studies have shown that
APG can promote endothelial cell growth, improve local
microcirculation, promote the migration of fibroblasts,
promote the formation of the skin, regulate immune cell
function, provide an antibacterial effect, and improve the
local inflammatory reaction (8-10). These may be important
mechanisms of autologous BMMSCs combined with APG
in improving the clinical outcome of the DFU.

In conclusion, the results of this study are particularly
promising in the field of tissue regeneration and suggest that on
the basis of good traditional treatment and management that
follow the current guideline, the combination of the APG and
BMMSCs might provide a suitable and effective therapeutic tool
for help DFU healing. Clearly, there is still much more work
to be done to validate the bioengineered platform in clinical
applications and to evaluate the actual role of the APG and
BMMSC:s in promoting DFU healing and tissue regeneration.

BMMSCs were obtained from a bone marrow puncture,
and production, in vitro amplification and identification
were performed by the biological treatment centre of our
hospital (see Figure 2). Under strict aseptic conditions and
local anaesthesia, bone marrow (30 mL) was obtained from
the iliac crest of the patient. The obtained bone marrow
was transferred to a clean room and subjected to Percoll
(Pharmacia, 1.073 g/mL) density gradient centrifugation.
Then, the mononuclear cell layer was harvested and
cultured in flasks containing alpha-modified minimum
essential medium (Invitrogen-Life Technologies Corp)
supplemented with 10% autologous serum and incubated
under normoxic conditions (21% O, and 5% CO,). After
proliferation in vitro, we took the 5th generation of cells
for transplantation and FACS Calibur flow cytometry
(Becton Dickinson and Company, San Jose, CA, USA).
We examined surface molecule expression to identify the
BMMSCs, and the following monoclonal antibodies were
used: CD44, CD73, CD90, CD105 (BioLegend), and
CD34 (Becton Dickinson, USA) (11).

Autologous platelet-rich plasma was obtained from the
peripheral venous blood of the patient (approximately 200 mL,
200/g centrifugation for 10 min twice). The autologous
platelet-rich plasma was mixed with 5,000 U of thrombin
and 5 mL of 10% calcium chloride to generate the APG.
The specific process of production has been previously

described (8).
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Figure 2 Immunophenotype analysis of human BMMSCs. Human BMMSCs expressed identical cell surface antigens when analysed by
fluorescence-activated cell sorting. BMMSCs were positive for the cell surface markers CD90, CD44, CD73 and CD105 and negative for

the marker CD34. Data are expressed as a histogram plot, with white representing the isotype control and blue, purple, tawny, and brown

representing each experimental condition.
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