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Abstract

Introduction: Immunosuppressive state due to haematological malignancies and chemotherapy may 
cause disruption to wound healing despite optimum conventional treatment and standard wound 
dressing. Non-healing wounds are predisposed to infection whereas chemotherapy dose reductions 
or interruptions are associated with poor survival. Background: Mononuclear cells contain progenitor 
cells including haematopoietic and mesenchymal stem cells, endothelial progenitor cells and 
fibroblasts which facilitate wound healing through cytokines, growth factor secretions, cell-cell 
interactions and provision of extracellular matrix scaffolding. Clinical applications of autologous 
mononuclear cells therapy in wound healing in non-malignant patients with critical limb ischaemia 
have been reported with remarkable outcome. Methods: We report three patients with haematological 
malignancies undergoing chemotherapy, who received autologous mononuclear cells implantation to 
treat non-healing wound after optimum conventional wound care. The sources of mononuclear cells 
(MNC) were from bone marrow (BM), peripheral blood (PB) and mobilised PB cells (mPB-MNC) 
using granulocyte colony stimulating factor (G-CSF). The cells were directly implanted into wound 
and below epidermis. Wound sizes and adverse effects from implantation were assessed at regular 
intervals. Results: All patients achieved wound healing within three months following autologous 
mononuclear cells implantation. No implantation adverse effects were observed. Conclusions: 
Autologous mononuclear cells therapy is a feasible alternative to conventional wound care to promote 
complete healing in non-healing wounds compounded by morbid factors such as haematological 
malignancies, chemotherapy, diabetes mellitus (DM), infections and prolonged immobility. 
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CASE REPORT

INTRODUCTION

Accelerated wound healing is desirable in cancer 
patients to avoid chemotherapy interruptions 
which may affect treatment efficacy. Due 
to immunosuppressive state caused by the 
haematological malignancies and chemotherapy, 
wound healing is invariably disrupted and 
protracted despite standard wound care. 
Additionally, substantial use of corticosteroids 
for their anti-tumour activity posed a clinical 
dilemma as to the timing and doses of subsequent 
chemotherapy.1-3 Chemotherapy interruptions and 
dose reductions are known to be associated with 
poor survival.4

	 The use of autologous cell therapy to treat 
non-healing wound in peripheral vascular disease 
(PVD) and critical limb ischaemia (CLI) have 
been reported with encouraging success.5-10 We 
report three patients who received autologous 
MNC implantation with successful wound 
outcome (Table 1).

Case 1 
A 68-year-old male with Stage 3B IgG 
myeloma and concomitant immunoparesis 
received VCD (Bortezomib, Cyclophosphamide, 
Dexamethasone). After the third cycle, he 
developed grade 4 neutropenic sepsis, fungal 
pneumonia and respiratory failure requiring 
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mechanical ventilation. Consequent to prolonged 
immobility, he developed Grade 2 sacral pressure 
measuring 8x3 cm (Fig. 1a). Tissue culture grew 
Methicillin resistant Staphylococcus aureus, 
Morganella morganii and Acinetobacter species. 
Despite adequate antibiotics, wound debridement 
and standard dressing for 2 months, wound 
healing remained poor.

Methods: Collection, isolation and implantation 
of BM-MNC
Under local anaesthesia, 50 mL of BM was 
aspirated from posterior superior iliac spine. 
BM-MNC were isolated using density gradient 
centrifugation technique and diluted with 
Dulbecco’s phosphate-buffered saline [DPBS, 
(Ca-, Mg-)] (Gibco; Grand Island, New York, 
USA) at 1:1 ratio. Diluted cell suspension was 
layered on top with Lymphoprep™ (Stemcell 
Technologies, Canada) and centrifuged at 2500 
rpm for 30 minutes (Kubota 6200). MNC in 
the interphase layer were extracted and washed 
twice with DPBS by centrifuging at 1000 rpm 
for 10 minutes. Pellet of cells were suspended in 
3 mL of ammonium chloride solution (Stemcell 

Technologies, Canada) for 5-10 minutes to 
lyse contaminating red cells. Wash steps were 
repeated as previous. The cell pellets were 
suspended in 10 mL of normal saline and cell 
viability were counted by haematocytometer and 
Trypan Blue Staining. The final product was 10 
mL suspension containing 3.7x106 cells/mL with 
79% viability. Under local anaesthesia, BM-
MNC were implanted into the wound edges, base 
and below epidermis with a 16-gauge needle. 
Using grid map, cell suspensions of 1 mL each 
were implanted into every 2 cm distance point.

Results
Sacral wound began to contract after five days 
(Fig. 1b) and completely healed less than three 
months (Fig. 1c) after BM-MNC implantation. 
No implantation adverse effects were observed. 
	 The full blood counts pre-implantation 
showed white cells 6.2x106/L, haemoglobin 9.7 
g/dL, and platelets 354x106/L. Three months 
post-implantation, the counts were 14.2x106/L, 
9.8g/dL and 367x106/L respectively. The IgM 
level improved from 8.74 mg/dL to 35.3 mg/L, 
which may also reflect response to chemotherapy. 

TABLE 1:	Summary of patient characteristics; details of autologous MNC therapy procedure; 
and outcome of wound healing

Patient Details Details of autologous MNC therapy procedure Outcomes

68-year-old, male.
Myeloma Stage 3B.
Prolonged 
immobility 
On VCD 
chemotherapy.

Site: Non-healing, Grade 2 sacral pressure wound 
8x3 cm.

BM-MNC collection without G-CSF.
Collection volume: 50 mL of BM aspirate.
Final suspension: 10 mL of 3.7x106 cells/mL. 
Viability: 79%.

Complete wound 
healing at 3 months.
No adverse effects.

18- year-old, male. 
DLBCL Stage 4B.
Emergency 
laparotomy.
On R-CHOP 
chemotherapy

Site 1: Non-healing laparotomy wound 21x5 cm
Site 2: Grade 2 sacral wound 3x3 cm

Mobilised PB with G-CSF (mPB-MNC).

First collection volume: 100 mL of PB.
First final suspension: 10 mL of 19.2x106 
cells/mL. Viability: Not available

Second collection volume: 75 mL of PB.
Second final suspension: 20 mL of 12.5x106 

cells/mL. Viability: Not available

Complete 
laparotomy wound 
healing 8 weeks after 
second implantation.

Remarkable sacral 
wound healing 
22 days after first 
implantation.
No adverse effects.

67-year-old, female.
CML in chronic 
phase.
Hydroxyurea 
chemotherapy.

Site: Right lateral malleolus wound 2x1cm.

PB-MNC collection without G-CSF.

Collection volume: 75 mL of PB
Final suspension: 10 mL of 19.2x106 cells/mL. 
Viability: 95%.

Almost complete 
healing 4 weeks 
after implantation.
No adverse effects.
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FIG. 1: Case 1:	 (a) Non-healing, infected sacral wound 8x3 cm prior to BM-MNC implantation. (b) Sacral 
wound 7.9x1.8 cm five days after BM-MNC implantation. (c) Complete healing three months 
after BM-MNC implantation.

The respiratory function and oxygenation status 
returned to normal. No post-implantation biopsy 
and immunohistochemistry was performed to 
demonstrate presence/persistence of progenitor 
cells.

Case 2
An 18-year-old male with Stage 4B diffuse large B 
cell lymphoma (DLBCL) underwent emergency 
laparotomy following perforated lymphomatous 
small bowel. A few months earlier he received 
Bevacizumab and mediastinal radiotherapy for 
presumed thymoma in another institution. He had 
stormy complications post-operatively including 
candida peritonitis. Upon histopathological 
confirmation of DLBCL, he received R-CHOP 
(Rituximab, Cyclophosphamide, Adriamycin, 
Vincristine, Prednisolone). Despite standard 
dressing for two months, the 21x5 cm laparotomy 
wound was slow to heal (Fig. 2a) and he also 
developed Grade 1 sacral wound measuring 3x3 
cm (Fig. 2b).

Methods: Collection, isolation and implantation 
of mPB-MNC
The patient received 10 μg/kg G-CSF for 3 
consecutive days. 75 mL blood was collected 
via venepuncture and processed as described 
in Case 1. The final suspension contained 
20 mL of 12.5x106 cells/mL. Under local 
anaesthesia, mPB-MNC were implanted into 
laparotomy and sacral wound bases, edges and 
below epidermis with a 16-gauge needle. Using 
grid map, cell suspensions of 1 mL each were 
implanted into every 2 cm distance point. The 
observed improvement in laparotomy wound was 
minimal (Fig. 2c), therefore a second mPB-MNC 
collection and implantation was performed 22 
days later with 10 mL suspension containing 
19.2x106 cells/ml.

Results
The laparotomy wound showed marked healing 
with healthy granulation tissue five days after 
the second implantation (Fig. 2d), and complete 
healing eight weeks later (Fig. 2e). The sacral 
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wound showed remarkable improvement within 
22 days after the first implantation (Fig. 2f). 
No implantation adverse effects were observed.
	 The full blood counts pre-implantation 
showed white cells 25.2x106/L, haemoglobin 
8.5 g/dL, and platelets 74x106/L. Two months 
post-implantation, the counts were 27.2x106/L, 
10.0g/dL and 86x106/L respectively. No 
immunoglobulins levels were available. The 
peripheral oxygen saturation oxygenation 
remained normal. No post-implantation biopsy 
and immunohistochemistry was performed to 
demonstrate presence/persistence of progenitor 
cells.

Case 3 
A 67-year-old female with Type 2 DM 
presented with one week history of right ankle 
abscess, requiring incision & drainage and 
received Augmentin. No improvement was 
observed after one week and she later received 
Ciprofloxacin. Full blood count revealed 
leukocytosis 21.1x106/L and thrombocytosis 
900x106/L. Later, she was diagnosed with chronic 
myeloid leukemia in chronic phase and received 
Hydroxyurea. The right lateral malleolus wound 
was tender and erythematous, measuring 2x1 
cm (Fig. 3a). Despite eight weeks of standard 

FIG 2: Case 2:	 (a) Non-healing laparotomy wound measuring 21x5 cm. (b) Minimal improvement five days 
after the first mPB-MNC implantation. (c) Granulation tissue growth five days after the second 
mPB-MNC implantation. (d) Complete healing eight weeks after the second mPB-MNC im-
plantation. (e) Non-healing sacral wound measuring 3x3 cm prior to mPB-MNC implantation. 
(f) Remarkable improvement 22 days after mPB-MNC implantation.

dressing, the wound remained poorly healed.

Methods: Collection, isolation and implantation 
of PB-MNC
Seventy-five mL of PB were collected via 
venepuncture. PB-MNC were isolated using 
technique as described in Case 1. The final 
suspension contained 10 mL of 19.2x106 cells/
mL with 95% viability. Under local anaesthesia, 
PB-MNC were implanted into wound base, edges 
and below epidermis with a 16-gauge needle. 
Cell suspensions of 1 mL each were implanted 
into every 2 cm distance point.

Results
After five days, the wound contracted down to 
1x1 cm with resolution of erythema (Fig. 3b) 
and almost completely healed by four weeks 
(Fig. 3c). No implantation adverse effects were 
observed. 
	 The full blood counts taken during Hydroxyurea 
therapy, pre-implantation showed white cells 
6.4x106/L, haemoglobin 11.3 g/dL, platelets 
897x106/L. Four weeks post-implantation, the 
counts were 17.5x106/L, 8.9 g/dL and 260x106/L 
respectively. No immunoglobulins levels were 
available. The peripheral oxygen saturation 
remained normal, however specifically no 
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transcutaneous oxygen level of right lower limb 
was measured. No post-implantation biopsy 
and immunohistochemistry was performed to 
demonstrate presence/persistence of progenitor 
cells.

DISCUSSION

Complex interactions between cells, extracellular 
matrix (ECM), growth factors and cytokines lead 
to tissue inflammation, matrix foundation, collagen 
production, epithelialisation, angiogenesis and 
wound closure.11 The risk factors for poor 
healing in our patients were immunosuppression, 
infection, DM and immobility. Chemotherapy 
such as Adriamycin, Bevacizumab and 
corticosteroids interrupt macrophage functions, 
angiogenesis and wound contraction.1-2,12 

Radiotherapy damages fibroblasts and causes 
reduced tensile strength, capillary telangiectasia 
and skin necrosis.13 Standard wound therapy 
was insufficient in achieving timely healing for 
chemotherapy to be resumed. Unfortunately, 
delaying chemotherapy decreases its efficacy 
and results in poorer outcome.4

	 Cell therapy to restore perfusion and promote 
wound healing has been extensively studied 
in non-healing ulcers of the lower limbs in 
PAD and CLI. A direct comparative trial of 
BM-MNC versus mPB-MNC in PAD showed 
no significant differences between the two cell 
types in wound healing, although mPB-MNC 
improved rest pain and ankle-brachial index 
(ABI) significantly.5 In contrary, other studies 
reported that BM-MNC significantly improved 
ulcer size, ABI and rest pain compared to PB-
MNC.6-7 Recent review reported that autologous 
cell therapy improved wound healing by 59% 
but when comparing different cell sources, 
only BM-MNC significantly improved wound 
healing.8 Nevertheless, data from randomised 
controlled trials (RCTs) reviewed suggested 
that direct comparative trials do not consistently 
show superiority of one cell type over another.8

	 MNC contains lymphocytes, monocytes, 
granulocytes and progenitor cells e.g. endothelial 
progenitor cell (EPC), mesenchymal stem cells 
(MSC) and fibroblasts.14 Our MNCs were sourced 
from BM, PB and mobilized PB, and none 
underwent in vitro manipulation e.g. culture or 
expansion. Different MNC sources may possess 
different biological and functional activities, 
however flow cytometry were not performed 
to enumerate the proportion of each cellular 
components. Although BM is the commonest 
source for cell therapy15, mPB-MNC is now the 

preferred source due to ease of collection in a 
large quantity, avoidance of general anaesthesia 
and faster haematopoietic engraftment.16 G-CSF 
mobilised cells also possess differentiation 
capabilities into EPC.17 

	 R e c e n t  p r e c l i n i c a l  d a t a  s u g g e s t 
optimum blood vessel formation require 
paracrine  and  structural  contributions  from 
multiple  progenitor cell lineages.9 Fibroblasts 
allow the formation of ECM scaffolding and 
activate endothelial cells (EC) to secrete 
stimulatory cytokines for angiogenesis.18 

Myeloid haematopoietic progenitor  cells 
produce angiocrine signals to stimulate 
angiogenesis, while EPC intertwine vessel 
walls during vasculogenesis. MSC differentiate 
into pericytes to stabilise vessels and produce 
chemokines e.g. transforming growth factor 
beta (TGF-β), prostaglandin E2 (PGE2) and 
vascular endothelial growth factor (VEGF) to 
attract macrophages during arteriogenesis.9,19 In 
DM, defects in EPC function and VEGF level 
contributed to impaired angiogenesis.20

	 To the best of our knowledge, this is the 
first report on autologous MNC implantation 
to treat non-healing wounds in patients with 
haematological malignancies. Despite concurrent 
chemotherapy, our patients underwent MNC 
collections and implantation procedures with 
impressive results. It may be partly associated 
with the quiescent, non-dividing G0 state of 
adult stem cells are predominantly in.21 Only 
a small number of adult haematopoietic stem 
cells enter the cell cycle, while the majority 
remain quiescent under steady state, a feature 
that is closely associated with protection from 
myelotoxic insults.22 MNC from mobilised PB 
allow ease of collection with higher number of 
cell doses accrued compared to BM. 

CONCLUSION

Despite initial non-healing wound after standard 
therapy, we observed healthy granulation tissue 
formation and epithelialisation after autologous 
MNC implantation. Cell therapy provides a 
promising alternative to conventional wound 
treatment to facilitate healing especially in 
patients receiving chemotherapy. A well-designed 
comparative randomised study involving a larger 
number of patients are warranted to determine 
the optimum cell source, dose and implantation 
regimen for the treatment of non-healing wound 
in patients undergoing chemotherapy to further 
understand the mechanism of wound healing and 
tissue regeneration at cellular level. 
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FIG. 3: Case 3:	 (a) Non-healing right lateral malleolus wound with pus discharge measuring 2x1 cm prior to 
PB-MNC implantation. (b) Wound began to dry with tissue contraction five days after PB-MNC 
implantation. (c) Wound almost completely healed four weeks after PB-MNC implantation.

Disclosures: No competing interests or funding 
disclosures.

Consent: Written consents were obtained from 
all patients for treatment, photography and 
publications. 

Acknowledgements: The authors thank Dr 
Shahril Khalid, Dr Nor Rafeah Tumian and the 
Department of Medicine, UKMMC.



67

AUTOLOGOUS MONONUCLEAR CELLS & WOUND HEALING

REFERENCES
	 1.	 Stephens FO, Dunphy JE, Hunt TK. Effect of 

delayed administration of corticosteroids on wound 
contraction. Ann Surg. 1971; 173: 214.

	 2.	 Erinjeri JP, Fong AJ, Kemeny NE, et al. Timing 
of administration of bevacizumab chemotherapy 
affects wound healing after chest wall port 
placement. Cancer. 2011; 117: 1296-301.

	 3.	 Robson M, Burns B, Phillips L. Wound repair: 
Principles and applications. Plastic surgery: A core 
curriculum. St. Louis, MO: Mosby-Year Book. 1994: 
3-30.

	 4.	 Xu F, Rimm AA, Fu P, Krishnamurthi SS, Cooper 
GS. The impact of delayed chemotherapy on its 
completion and survival outcomes in stage II colon 
cancer patients. PloS one. 2014; 9: e107993.

	 5.	 Huang PP, Yang XF, Li SZ, Wen JC, Zhang Y, Han 
ZC. Randomised comparison of G-CSF-mobilized 
peripheral blood mononuclear cells versus bone 
marrow-mononuclear cells for the treatment of 
patients with lower limb arteriosclerosis obliterans. 
Thromb Haemost. 2007; 98: 1335–42.  

	 6.	 Tateishi-Yuyama E, Matsubara H, Murohara T, 
et al. Therapeutic angiogenesis for patients with 
limb ischaemia by autologous transplantation of 
bone-marrow cells: a pilot study and a randomised 
controlled trial. Lancet. 2002; 360: 427-35.

	 7.	 Matoba S, Tatsumi T, Murohara T, et al. Long-term 
clinical outcome after intramuscular implantation 
of bone marrow mononuclear cells (Therapeutic 
Angiogenesis by Cell Transplantation [TACT] trial) 
in patients with chronic limb ischemia. Am Heart 
J. 2008; 156: 1010-18.

	 8.	 Rigato M, Monami M, Fadini GP. Autologous cell 
therapy for peripheral arterial disease: Systematic 
review and meta-analysis of randomized, non-
randomized, and non-controlled studies. Circ Res. 
2017: CIRCRESAHA.116.309045.

	 9.	 Qadura M, Terenzi DC, Verma S, Al-Omran M, 
Hess DA. Concise review: Cell therapy for critical 
limb ischemia: An integrated review of preclinical 
and clinical studies. Stem Cells. 2018; 36: 161-71.

	10.	 Losordo DW, Kibbe MR, Mendelsohn F, et al. A 
randomized, controlled pilot study of autologous 
CD34+ cell therapy for critical limb ischemia. Circ 
Cardiovasc Interv. 2012; 5: 821-30.

	11.	 Goldman R. Growth factors and chronic wound 
healing: Past, present, and future. Adv Skin Wound 
Care. 2004; 17: 24-35.

	12.	 Lawrence W, Talbot T, Norton J. Preoperative 
or postoperative doxorubicin hydrochloride 
(adriamycin): which is better for wound healing? 
Surgery. 1986; 100: 9-13.

	13.	 Payne WG, Naidu DK, Wheeler CK, et al. Wound 
healing in patients with cancer. Eplasty. 2008; 8: e9.

	14.	 Higashi Y, Kimura M, Hara K, et al. Autologous 
bone-marrow mononuclear cell implantation 
improves endothelium-dependent vasodilation in 
patients with limb ischemia. Circulation. 2004; 
109: 1215-18.

	15.	 Abdul Wahid SF, Ismail NA, Abdul Hamid MKA, 
et al. Different sources of autologous mononuclear 
cells and stem cells for critical lower limb ischaemia. 
Cochrane Database Syst Rev. 2013; 9: CD010747.

	16.	 Fadilah S, Mohd-Razif M, Seery Z, et al. Predictors 
of the yield of mobilized peripheral blood CD34+ 
cells in HLA-matched sibling donor. Transfus Apher 
Sci. 2013; 49: 583-89.

	17.	 Gordon P, Leimig T, Babarin-Dorner A, et al. 
Large-scale isolation of CD133+ progenitor cells 
from G-CSF mobilized peripheral blood stem cells. 
Bone Marrow Transplant. 2003; 31: 17.

	18.	 Velazquez OC, Snyder R, Liu Z-J, Fairman RM, 
Herlyn M. Fibroblast-dependent differentiation 
of human microvascular endothelial cells into 
capillary-like 3-dimensional networks. Faseb J. 
2002; 16: 1316-8.

	19.	 Demidova-Rice TN, Durham JT, Herman IM. Wound 
healing angiogenesis: Innovations and challenges 
in acute and chronic wound healing. Adv Wound 
Care. 2012; 1: 17-22.

	20.	 Gallagher KA, Liu Z-J, Xiao M, et al. Diabetic 
impairments in NO-mediated endothelial progenitor 
cell mobilization and homing are reversed by 
hyperoxia and SDF-1α. J Clinical Invest. 2007; 
117: 1249-59.

	21.	 Arai F, Hirao A, Ohmura M, et al. Tie2/
angiopoietin-1 signaling regulates hematopoietic 
stem cell quiescence in the bone marrow niche. 
Cell. 2004; 118: 149-61.

	22.	 Cheshier SH, Morrison SJ, Liao X, Weissman IL. 
In vivo proliferation and cell cycle kinetics of long-
term self-renewing hematopoietic stem cells. Proc 
Natl Acad Sci USA. 1999; 96: 3120-5.


