Sustained Effect of Autologous Bone Marrow Mononuclear Cells Transplantation In Twelve Patients With Diabetes: Six-month Follow-up Results
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ABSTRACT

Objective: Diabetes and its complications account for major morbidity and mortality of the modern society. Although recombinant insulin and oral hypoglycemic drugs have effectively controlled blood glucose levels, the tedious administrating schedule and ineffectiveness in controlling the development of complications have limited their therapeutic values. We have now evaluated cell-based treatment in glycemic control using autologous bone marrow mononuclear cells (BMMC) transplantation in a prospective study.

Methods: We recruited 12 patients including 7 Type 1 (T1DM) and 5 Type 2 (T2DM) diabetes, who were receiving insulin treatment before the study. We collected 500 ml bone marrow via iliac crests from each patient and isolated BMMCs, which were then infused directly into pancreas via splenic artery with occlusion of the distal lumen using endovascular catheters. Patients were followed up for 6 months post-operation.

Results: There were no significant changes in patient demographic data during the 6-month follow-up period. No operative complications were observed. During the 6-month follow-up, all patients showed an improved glycemic control, which was accompanied by a gradual reduction in insulin requirement. At the end of 6 months, five of twelve (42%) patients established complete insulin independence. A reduction in HbA1c was observed in all patients and 50% of the patients had HbA1c below 7% by 6 months. There was also a significant increase in fasting and postprandial 2 h C-peptide levels.

Conclusion: Our study shows that autologous BMMC transplantation via splenic artery provides a safe therapeutic strategy for an effective glycemic control .The effects were maintained for at least as long as 6 months. 
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Table 1: Patient Demographics 

	ID
	Type
	Sex
(M/F)
	Age
(Years)
	Duration

(Years)
	BMI
(Kg/M2)
	Insulin required (U/d)
	OHA
	Complications

	1
	1
	M
	20
	6
	21.0
	34
	none
	no

	2
	1
	M
	19
	1
	18.5
	44
	none
	no

	3
	1
	F
	22
	3
	23.3
	20
	none
	DN

	4
	1
	F
	57
	6
	25.4
	40
	none
	no

	5
	1
	M
	17
	13
	21.5
	50
	metformin
	no

	6
	1
	M
	17
	0.25
	17.3
	34
	metformin
	no

	7
	1
	M
	21
	0.5
	26.4
	40
	metformin
	no

	8
	2
	M
	40
	3
	26.4
	24
	metformin
	DN

	9
	2
	F
	37
	6
	23.2
	22
	metformin
	no

	10
	2
	F
	44
	16
	25.7
	42
	metformin   
	DPN

	11
	2
	M
	42
	4
	26.4
	6
	metformin
	no

	12
	2
	M
	58
	3
	29.3
	30
	metformin   
	DPN


OHA: oral hypoglycemic agents; DN: diabetic nephropathy (diagnosed according to Mogensen classification); DPN: diabetic peripheral neuropathy (diagnosed according to American Academy of Neurology criteria).

 

Table 2: Changes in insulin requirements, fasting blood glucose (FBG), oral glucose tolerance test (OGTT) 2 h postprandial glucose (PG) and HbA1c levels before and 6 months after transplantation

	Patient ID
	Diabetes types
	Insulin requirement (U/day)
	FBG (mmol/l)
	OGTT 2 h PG (mmol/l)
	HbA1c (%)

	
	
	pre-op
	6 months
	pre-op
	6 months
	pre-op
	6 months
	pre-op
	6 months

	1
	1
	34
	32
	6.5
	6.3
	18.5
	16.1
	9.1
	7.1

	2
	1
	44
	0
	6.6
	5.9
	18.7
	12.7
	6.4
	6.0

	3
	1
	20
	0
	8.7
	7.3
	22.9
	14.1
	8.2
	7.5

	4
	1
	40
	24
	12.2
	7.0
	24.3
	11.7
	10.3
	6.9

	5
	1
	50
	40
	10.0
	6.8
	19.0
	15.2
	16.5
	12.2

	6
	1
	34
	11
	5.8
	6.8
	20.4
	12.1
	7.9
	7.1

	7
	1
	40
	0
	5.9
	6.0
	15.8
	6.2
	13.6
	5.3

	Mean ± SD
	37.4±9.5
	15.3±16.8
	8.0±2.4
	6.6±0.5
	19.9±2.9
	12.6±3.2
	10.3±3.6
	7.4±2.2

	8
	2
	24
	0
	7.7
	6.7
	17.1
	14.2
	8.2
	6.3

	9
	2
	22
	18
	7.5
	6.7
	16.1
	13.9
	7.6
	6.7

	10
	2
	42
	38
	12
	8
	24.2
	16.7
	11.7
	8.9

	11
	2
	6
	0
	7.3
	7.4
	10.8
	9.2
	6.8
	5.8

	12
	2
	30
	20
	8
	5.5
	17.9
	13.9
	9.5
	7.1

	Mean ± SD
	24.8±13.1
	15.2±15.9
	8.5±2.0
	6.9±0.9
	17.2±4.8
	13.6±2.7
	8.8±1.9
	7.0±1.2


 

Legends for Figures

Fig. 1:
Daily insulin dosage (units/per day) required for individual patients at pre-operation, 1, 2, 3, 4, 5 and 6 months following BMMC transplantation.

Fig. 2:
Fasting blood glucose level (mmol/L) in individual patients at the time of pre-operation, 1, 2, 3, 4, 5 and 6 months after the BMMC transplantation.

Fig. 3:
OGTT 2 h postprandial blood glucose levels (mmol/L) in individual patients at pre-operation, 3 and 6 months after the operation.

Fig. 4:
Mean (±SD) fasting HbA1c levels in T1DM and T2DM patients at pre-operation and 6 months post-operation. The values at pre-operation were significantly higher than those at 6 months post-transplantation (10.3 ±3.6% vs. 7.4 ± 2.2%; 8.8 ± 1.9% vs. 7.0 ± 1.2%, for T1DM and T2DM patients respectively). Paired Student t test was used to compare the time differences and two-tailed P<0.05 was regarded as statistically significant.

Fig. 5:
Fasting blood C-peptide levels in individual patients at pre-operation, 3 and 6 months after the BMMC transplantation.

Fig. 6:
(A) Fasting C-peptide levels at pre-operation and 6 months in individual patients after transplantation (B) OGTT 2 h postprandial C-peptide levels in individual patients at pre-operation, 3 and 6 months after BMMC transplantation.

