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ABSTRACT
Introduction: Type 2 diabetes mellitus (T2DM) iscurrently one of the most common diseases as
a result of obesity and aging. Currently, T2DMis treated by various methods, such as insulin in-
jection and glucose regulation agents. In this report, we report the case of a T2DM patient who
was successfully treated by autologous bone marrow-derived stem cell transplantation. Meth-
ods: The patient was diagnosed with T2DM by standard methods for more than ten years. The
patient agreed to be treated by the new approach – autologous bone marrow-derived stem cell
transplantation. The bone marrow was collected from the patient twice at 100 mL volume each
time. The stem cell-enrichedmononuclear cells (MNCs) in the bonemarrowwere isolated by gradi-
ent centrifugation. MNCs were intravenously transfused into the patient twice within the 1-month
interval. The lasting glucose and 2h-after meal glucose, as well as hemoglobin A1c (Hab1c), were
recorded before transplantation, and 1-, 3-, and 6-months post-transplantation. Results: The re-
sults showed that therewere no adverse effect recordedduring themonitoring period, and that the
T2DM symptoms significantly improved. After the first round of transplantation, the glucose level
reduced considerably and continued to decrease out to 3 months. Meanwhile, after 2 months of
transplantation, the Hab1C level decreased and achieved the average level at the 3rd month of
treatment. After 6 months, the patient was free from insulin injection and maintained glucose and
Hab1c level. To date, after 9 months of treatment; the patients has continued to be free from in-
sulin injection and without any adverse effects. Conclusion: The primary results have suggested
that autologous bone marrow-derived stem cell transplantation may be a new direction for T2DM
treatment.
Key words: Autologous stem cell treatment, Bone marrow, Stem cell transplantation, Stem cells,
Type 2 diabetes mellitus

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is among the most
commondisease nowadays. As obesity and aging con-
tinue to rise, T2DM has also significantly increased
over recent years 1–3. The most significant complica-
tions of T2DMare highmortality rates and lowquality
of life 4–6. Themechanism of T2DMare quite complex
but relate to insulin resistance in patients 7–9. Some
reports have suggested that T2DM patients can pro-
duce insulin, though the insulin does not function ad-
equately in those patients 10–12.
Recently, various efforts have been made to investi-
gate the treatment of T2DM via use of stem cell trans-
plantation 13,14, and exosome transplantation 15. In
this report, we present a case of a T2DM patient who
was successfully treated by autologous bone marrow-
derived stem cell transplantation.

CASE REPRESENTATION

Patient information

This case report involved a 55-year old female pa-
tient bearing T2DM for ten years. The family medical
history showed that the patient had three daughters
with T2DM. The medical evaluation for the patient
indicated that the fasting glucose was 7.27 mg/dL,
and that at 2h after meal, the glucose level was at
16.91mg/dL. Her hemoglobin A1c (HbA1c) level was
7.9%. To control the glucose level, the patient was
treated with Lantus 14UI via underskin injection in
the morning each day, and took one Diamicron (60
mg) tablet in the morning each day, as well as one
Janumet (1000/500 mg) tablet in the morning each
day. The patient completed a consent form, agreeing
to participate in the study and to be treated by autolo-
gous bone marrow-derived stem cell transplantation.
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Bone marrow-derived stem cell prepara-
tion

All protocols andmanipulations used in this casewere
approved by the local ethical committee. All proto-
cols and kits used in this study were transferred and
received from the Stem Cell Institute (University of
Science, Vietnam National University-Ho Chi Minh
City, Viet Nam). Bonemarrowwas collected from the
patient at 100 mL each time for a total of two times
within a 1-month interval.
The bone marrow-derived stem cell preparation was
isolated using the MNC Extraction Kit, according to
the manufacturer’s guidelines. Firstly, 30 mL bone
marrow was diluted with 10 mLDilute Medium (Bot-
tle 1). Then the diluted blood was placed over 10 mL
separation medium (Bottle 2) in another 50 mL cen-
trifuge tube. This tube was centrifuged in a swing
rotor centrifuge machine at 400 g for 30 min, 18-20
oC. After centrifugation, the interphase layer contain-
ing the stem cells was collected into a 15-mL cen-
trifuge tube. In the next step, the stem cells enrich-
ment process took place. The fraction was cleaned us-
ing the Clean-upmedium (Bottle 3) by centrifugation
of the tube with Clean-upmedium at a ratio of 1:1 (in-
terphase solution: clean-up medium) at 400 g for 5
min. Finally, this fraction was washed (using wash-
ing buffer (Bottle 4)) to remove all solutions in the
previous steps. After this step, the stem cell-enriched
fraction was the white pellet at the bottom of the cen-
trifuge tube.

Stem cell transplantation andmonitoring

The patient was transplanted with MNCs twice, with
the second transplant occurring 1 month after the
first. At each timepoint, the patient was intravenously
transplanted with all isolated MNCs from 100 mL
of the bone marrow in 250 mL saline over 45 min.
The patient was monitored for fasting blood glucose,
blood glucose 2 hours after meals, and HbA1c level
before transplantation and at 1-, 3-, and 6-months
post-transplantation. All assays were performed ac-
cording to the routine medical evaluations at the hos-
pital. The patient continued to use the same drugs as
before the transplantation until the medical doctors
changed the doses.

Significant improvements of T2DM after
transplantation

Compared to “before transplantation”, after 1 month
of transplantation with drug treatment, the fasting
blood glucose and HbA1c level slightly changed from

7.27 mg/dL to 7.05 mg/dL, and 7.9% to 8.0 %, respec-
tively. The blood glucose level at 2 h after meal was
strongly reduced from 16.91 mg/dL to 11.93 mg/dL.
However, compared to “before transplantation”, at 3
months post-transplantation, all 3 indicators (fasting
blood glucose, blood glucose 2 hours after meal, and
HbA1c levels) were significantly decreased. The val-
ues changed from 7.27 mg/dL to 5.88 mg/dL (for fast-
ing blood glucose), 16.91 mg/dL to 9.79 mg/dL (for
lood glucose 2 hours after meal), and from 7.9% to
7.0% (for HbA1c level). At this time, themedical doc-
tors reduced the insulin dose as well as other drugs
for the patient. The patient took Lantus (12 IU), one
tablet of Diamicron (30 mg) before a meal, and one
tablet of Janumet (50/850 mg) after a meal.
At 6 months post-transplantation, the fasting blood
glucose levels were stable. The values were at 6.03
mg/dL (at the 6th month) compared to 5.88 mg/dL
(at the 3rd month). Similarly, the 2h-after meal blood
glucose was stable at 10.10 mg/dL (at the 6th month),
compared to that at the 3rd month. The HbA1c level
slightly decreased from 7.0 (at the 3rd month) to 6.8%
(at the 6th month). With the stability of glucose level,
and HbA1c, at this time the patient terminated treat-
ment by insulin; however, the patient continued to
use one tablet of Janumet (1000/50 mg) per day as
well as one tablet of Diamicron (30 mg) per day. Dur-
ing the 6 months of monitoring and treatment, there
were no observed adverse effects related to the stem
cell transplantation nor the bone marrow collection
procedure.

DISCUSSION
Type 2 diabete mellitus (T2DM) is a complex dis-
ease associated with different organs as well as the
body system. Although the etiology of this disease
is still under study, most scientists agree that T2DM
is related to the resistance of insulin in muscle cells;
briefly, insulin cannot trigger the glucose uptake pro-
cess into cells 7,16. For the past decade of stem cell ther-
apy, most studies have used stem cell therapy in type
1 diabetes mellitus to regenerate beta cells in the pan-
creas 17–19. In recent years, some studies have evalu-
ated the use of stem cells to treat T2DM 14.
In this study, we have reported a case of a T2DM pa-
tient whose diabetes symptoms improved after bone
marrow-derived stem cell transplantation. The re-
sults clearly showed that the transplantation of bone
marrow-derived stem cells significantly enhanced the
symptoms of T2DM in the 3 parameters: fasting
blood glucose, blood glucose 2 hours after meals,
and HbA1c level. The concentration of glucose was
strongly reduced after one month and continuously
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Table 1: Clinical results of the case study patient before and after transplantation with bonemarrow-derived
stem cells

Assays Before transplantation After transplantation

1 month 3 months 6 months

Fasting blood glucose (mg/dL) 7.27 7.05 5.88 6.03

Blood glucose 2 hours after
meals (mg/dL)

16.91 11.93 9.79 10.10

HbA1c level (%) 7,9 8.0 7.0 6.8

reduced over 6 months post transplantation. More
importantly, HbA1c is a critical value to represent the
efficacy of the therapy. Unlike glucose levels, HbA1c
value usually decreases late. Indeed, in this case, at
1 month post-transplantation, the glucose level de-
creased although the HbA1c value did not change.
These results reflect the natural law of recovery from
diabetes mellitus. They also confirm that the decrease
of glucose is due to the bonemarrow-derived stem cell
transplantation.
This report did not address why or how bone
marrow-derived stem cell transplantation could im-
prove T2DM. However, we suggest some hypotheses
for some mechanisms which led to improvement of
T2DM symptoms. The bone marrow-derived stem
cells are a comboof various kinds of stem cells, includ-
ing mesenchymal stem cells 20, hematopoietic stem
cells (HSCs) 21, endothelial progenitor cells 22, and
embryonic-like stem cells 23. These stem cells can dis-
play different bioactivities when transfused into pe-
ripheral blood. However, according to our opinion,
the primary role in the improvement relates to MSCs.
Indeed, MSCs have been shown to have at least three
mechanisms that may be useful in T2DM treatment.
Firstly, the MSCs can act as immune modulation fac-
tors 24. In this mechanism, MSCs can decrease the lo-
cal inflammation atmuscles to help reduce the insulin
resistance. Some studies have shown that T2DM was
related to some inflammation reactions, which caused
insulin resistance 25,26. Secondly, MSCs can produce
a pool of cytokines and growth factors to stimulate
the endogenous stem cells to undergo self-renewal
andmaintain tissue homeostasis 27,28. These cytokines
and growth factors also reduce apoptosis of injured
cells which help to reduce the complaints of T2DM.
Thirdly, in autologous transplantation, MSCs can mi-
grate to some injured tissues and differentiate into
tissue-specific cells to heal and recover tissue func-
tions, especially the injured tissues per complaints of
T2DM patients.

CONCLUSION
This report represented a case of a T2DM patient
treated by autologous bone marrow-derived stem cell
transplantation. The particular markers/indicators of
T2DM include fasting blood glucose, lood glucose
2 hours after meal, and HbA1c level; all were sig-
nificantly improved. At 6 months post transplanta-
tion, the patient was free from insulin injection. This
case report suggests that bone marrow-derived stem
cell transplantation may be an effective therapy for
T2DM. However, controlled clinical trials should be
conducted to comprehensively evaluate the efficacy as
well as the side effects of this therapy.

ABBREVIATIONS
HSC: Hematopoieic stem cell
MNC: Mononuclear cells
MSC: Mesenchymal stem cell
T2DM: Type 2 diabetes mellitus
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