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Abstract  

The healing wound is the consecutive process of maintaining tissue integrity including 

inflammatory, proliferative, and remodeling processes.  Stem cells can self-renew, and also to 

differentiate into all cell types, and are involved in physiological regeneration, use of 

mesenchymal stem cells deriving from the bone marrow with PRP has potentiated the healing 

process. We conducted a single-arm pilot prospective analytical study was performed on 15 

patients whose mean age was 31 years (range: 29–51 years), with refractory abdominal 

wounds at a private hospital in Iraq from March 30, 2022, to March 2023. Ten days after 

the stem cell transplant the re-enforcement with PRP subcutaneous injection around wounds. 

Small papules of granulation tissue appeared over the wound, and tissue granulation increased 

from 80% (30.26–80.00%) to 100% (81–100%). At the same time, the wound size was reduced 

by 60% (52.10–78.23%). The follow-up period was 7–24 months, during which no recurrence 

of the wound was found. In conclusion, the current study is the first to characterize the safety 

and efficacy of bone marrow-derived stem cells in combination with PRP in the treatment 

of refractory abdominal wound infection. All patients achieved a 100% healing rate in a short 

time, and no treatment-related adverse reactions occurred during the treatment. 
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Introduction  

The skin has several layers along with different compounds and roles that work together to support 

internal organs and serve various biological roles. It has three main layers, the epidermis, the dermis, 

and the subcutaneous layer. Generally, skin wound healing, triggered by tissue injury, includes four 

stages: hemostasis, inflammation, proliferation, and maturation [1]. MSCs can assist in all stages of 

the wound-healing process. The use of MSCs for the treatment of skin can improve the regeneration 

of skin and reduce scarring. MSCs exert their functions through migration into the skin damage site, 

suppressing inflammation, and increasing the growth and differentiation ability of fibroblasts, epidermal 

cells, and endothelial cells [2].  
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MSCs chiefly found in the bone marrow (BM) possess the ability of self-renewal and also display 

multilineage differentiation. They were obtained from various tissues and organs including BM, 

adipose tissue, Wharton’s jelly, peripheral blood, umbilical cord, placenta, amniotic fluid, and dental 

pulp [3]. MSCs can express a wide range of surface markers and cytokine profiles according to the 

origin of isolation [5]. Nevertheless, the common characterization markers of MSCs are CD73, CD105, 

CD90 and lacking expression of CD45, CD34, CD14 or CD11b, CD79α or CD19, and HLA-DR [4]. 

During the last decades, MSCs have shown various biological roles such as multilineage 

differentiation, immunomodulation, angiogenesis, anti-apoptotic and anti-fibrotic activity, chemo-

attraction, and tissue repair development [6]. The MSCs have broad properties that make them a 

suitable source for cell therapy, such as stemness potency, and easy isolation from different sources, 

they can be rapidly expanded in a large scale for clinical use, and have less ethical issues as compared 

to ESCs, unlike iPSCs, MSCs transport a lower risk of teratoma formation, and they are beneficial for 

a wide scale of therapeutic applications due to their capability to migrate to injured tissue through 

chemo-attraction [7]. In addition, MSCs can release a variety of bioactive components including 

proteins, growth factors chemokines, microRNAs (miRNAs), and cytokines which can suggest their 

acceptable application [8]. 

Patients and Methods 

We conducted a single-arm pilot prospective analytical study was performed on 15 patients whose 

mean age was 31 years (range: 29–51 years), with refractory abdominal wounds at a private hospital 

in Iraq from March 30, 2022, to March 2023. This study was approved by the local Ethics Committee 

and the study adhered to the Declaration of Helsinki. 

Preparation of autologous bone marrow aspiration 

Hematopoietic bone marrow was harvested from the posterior iliac crest of each patient. A small 

incision was made in the region of the posterior iliac crest, and a bone marrow aspiration needle was 

inserted between the posterior crest cortical walls. A total of 150–200 mL of bone marrow aspirate 

was obtained, which was transferred to a sterile pouch containing anticoagulants such as acid-citrate-

dextrose and sodium citrate. The aspirated bone marrow specimen was washed under sterile 

conditions through the class II laminar flow and filtered to eliminate lipids and clot particles. Through 

a cold centrifuge of 1720 g for 10 minutes, remove the above layer and a buffy coat and move to 

another sterile plastic tube for further concentration. The supernatant containing stem cells was then 

removed and collected in other sterile centrifuge tubes for subsequent use as we published [9].  

platelet-rich plasma 

To prepare allogeneic PRP, platelets were obtained from patients using apheresis (Jiangsu Province 

Blood Center, Nanjing, China). Each 250–300 mL donor unit had at least 2.5×1011 platelets 

suspended in plasma. containing approx. 30 mL of anticoagulant citrate dextrose solution (formula 

A (ACD-A)) Each unit was subdivided into 10–20-milliliter portions using a 4-bag system (Fresenius 

Kabi, Guangzhou, China). Next, all aliquots of PRP were frozen at −80°C22,23 until further use. 

0.5 mL of them was collected within 30 min and a platelet count was taken for each unit of PRP before 
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cryopreservation, using the XE2100™ automatic hematology analyzer (Sysmex Corporation, Hyogo, 

Japan). Each unit of PRP was tested for the presence of aerobic and anaerobic bacteria using Plus 

Aerobic/F and Lytic/10 Anaerobic/F (9184994 and 0301023; BD Biosciences, Franklin Lakes, USA), 

respectively. Calcium gluconate (10%) was added to each PRP sample at a ratio of 1:4 in a 37°C 

water bath. The PG formed within a few minutes. To isolate platelet growth factors (GFs), PG was 

ultracentrifuged at 10,000 × g for 15 min to eliminate fibrous protein and platelet debris, and the GF 

concentration in the supernatant was measured. The following 3 GFs were evaluated: transforming 

growth factor beta 1 (TGF-β1), platelet-derived growth factor BB (PDGF-BB) and vascular endothelial 

growth factor (VEGF). To change the latent form into an immune-reactive form, the content of TGF-

β1 was tested after acidic activation and neutralization of the sample. The GF concentrations were 

measured using Human VEGF enzyme-linked immunosorbent assay (ELISA) Kit (A18310135; Multi 

Sciences, Hangzhou, China), Human/Mouse/Rat TGF-β1 ELISA Kit (A98110121; Multi Sciences), and 

Human/Rat PDGF-BB ELISA Kit (A913700823; Multi Sciences), and were tested using Hamilton 

Microlab FAME (M8; Hamilton Corporation, Bonaduz, Switzerland). All of the above tests were 

performed before PG treatment. 

Treatment procedure  

To minimize the residual infection risk, the refractory wounds were first debrided to remove 

the necrotic and infected tissues. After that, the wound was rewashed with normal saline and dried 

with sterile gauze. Wound volume was calculated as lesion area × depth. Based on the wound size, 

the appropriate volume of multi-injection S.C. around the wound mixture of stem cells and PRP. 

The dressing was changed every day and wound healing was observed. During the therapy, 

the patient’s wounds were not treated with therapeutic agents containing basic fibroblast GFs or with 

negative pressure wound therapy. Wounds were photographed before each treatment and during 

the follow-up visit using a digital camera, and examined for abnormalities such as bleeding, exudation, 

infection, and poor wound healing. These observational indexes were used to evaluate the therapy. 

Several parameters were selected to evaluate the efficacy of therapy, including the presence 

of infection, granulation growth in wounds, wound healing rate, and healing time. If the patient had 

a skin graft after therapy, graft survival, and graft edema were assessed after the transplantation.  

Statistical analysis 

In this cross-sectional, descriptive study, the mean age and incidence of cytogenetic abnormalities , 

using the SPSS software package (version 18). Moreover, we performed comparisons in terms of 

cytogenetic subclasses and age groups using the Pearson chi-square test with MED CALC software. 

Results 

Fifteen patients, having refractory abdominal wounds not healed after extensive conventional wound 

management, were included, and treated with S.C. administration of stem cells derived from bone 

marrow and PRP. Their mean age was 37 years (range: 31–55 years. The characteristics of patients 

are presented in Table 1. 
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                         Table 1.  

                          Characteristics of the study population (n = 15) 

Parameter Number of patients (n) 

 
Age 

29–33 3 

34–38 6 

39–43 3 

44–48 2 

49-53 1 

Sex 
 

Male 6 

Female 9 

 
Type of abdominal 
operation 

Abdominal plastic 5 

Scope abdominal 
surgery  

2 

Open abdominal 
surgery 

8 

   Ten days after the stem cell transplant re-enforcement with PRP treatment, small papules 

of granulation tissue appeared over the wound, and tissue granulation increased from 80% (30.26–

80.00%) to 100% (81–100%). At the same time, the wound size was reduced by 60% (52.10–

78.23%). The follow-up period was 7–24 months, during which no recurrence of the wound was found. 

Discussion 

The current study is the first to characterize the safety and efficacy of bone marrow-derived stem cells 

in combination with PRP in the treatment of refractory abdominal wound infection. All patients 

achieved a 100% healing rate in a short time, and no treatment-related adverse reactions occurred 

during the treatment. Refractory wounds are one of the outcomes post-operations and are challenging 

to treat. Conventional treatment for refractory wounds includes control of infection, adequate 

debridement, avoidance of excessive pressure, revascularization of ischemic tissue, changing 

the wound environment, and medical management of comorbidities. The first phase of wound healing 

is the inflammatory phase, which begins at the time of wounding [10]. Activation of the coagulation 

cascade initiates the release of cytokines and chemokines which stimulate the chemotaxis of 

neutrophils, followed by macrophages and later lymphocytes, into the wound for debridement [11]. 

These inflammatory cells, in turn, secrete growth factors and provisional matrix proteins which promote 

the recruitment of neighboring epidermal and dermal cells to the wound bed [12]. Inflammation controls 

microbial invasion and clears the wound site of cellular debris; however, prolonged inflammation can 

result in the formation of scar tissue [13]. On the other hand, an absent or inadequate inflammatory 

response can give rise to chronic, nonhealing wounds. Once present at sites of injury, MSCs exert 

immunosuppressive effects [14]. Wounds treated with MSCs have lower numbers of inflammatory 

cells and proinflammatory cytokines, such as IL-1 and TNFα [15]. Upon exposure to proinflammatory 

cytokines, including IFN-γ, TNFα, IL-1α, and IL-1β, the immunosuppressive phenotype of MSCs 

becomes activated, and they begin to express chemokines and inducible nitric oxide synthase (iNOS), 

which suppress T cell responsiveness to inflammation. In response to MSC activity, T cells secrete 

less IFN-γ and more IL-4, and the number of regulatory T cells increases [97–99]. MSCs also regulate 

the proliferation, differentiation, and function of B cells [100] and natural killer cells [16], causing natural 
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killer cells to secrete less IFN-γ. Some studies suggest MSCs may differentiate into a variety of skin 

cells in the healing wounds following transplantation. In vivo studies tracing fluorescently labeled 

BMSCs injected intravenously or topically applied to the wounded skin of mice report the presence of 

fluorescent cells upon healing that are positive for markers of dermal fibroblasts, endothelial cells, 

pericytes [17], and epidermal keratinocytes. Several studies have demonstrated that systemically 

injected MSCs migrate to various sites of injury in the host [18]. The wound's local environment 

influences the homing and behavior of the MSCs [19-23]. These cells respond favorably to the local 

inflammatory and hypoxic conditions of the wound environment, and they support important wound 

healing events such as matrix deposition and blood vessel formation by stimulating the increased rate 

of proliferation, differentiation, and growth factor production (such as vascular endothelial growth factor 

[VEGF] and fibroblast growth factor [FGF]) [24]. Recent evidence indicates that VEGF not only 

supports neovascularization but also enhances keratinocyte proliferation, suggesting a further 

paracrine role for MSCs in wound re-epithelialization [25-30]. Other studies demonstrate that MSCs 

and their secreted factors can inhibit T-lymphocyte activation and proliferation [31]. MSCs secrete 

prostaglandin E2, which downregulates inflammatory cytokines produced by macrophages. 

There are encouraging results from human studies using multipotent stem cells as therapeutic agents 

for tissue repair. Application of autologous bone marrow cells results in complete wound closure with 

dermal rebuilding and decreased scar in chronic nonhealing wounds that were refractory to 

conventional therapy. 

Conclusion 

The present study is the first prospective, randomized, and controlled trial evaluating the efficacy of 

autologous bone marrow combined with PRP in wound infections for abdominal surgery, and it has 

demonstrated that BMT and PRP have positive effects on wound healing and pain reduction in those 

patients undergoing abdominal surgery. The MSCs promote healing in all phases of wound repair that 

migrate to sites of cutaneous injury and, primarily through paracrine signaling, suppress inflammation 

and stimulate the proliferation and differentiation of resident progenitor cells including fibroblasts, 

endothelial cells, and epidermal cells. 
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