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RESUMEN

Objetivo: evaluar el efecto del trasplante autólogo de células madre hematopoyéticas en la neuropatía diabética de pacientes con dia-
betes mellitus tipo 2. 
Material y método:  se reclutaron pacientes ambulatorios con diabetes tipo 2 y neuropatía diabética definida  según los  criterios del 
consenso de San Antonio, sin otras comorbilidades activas. A los pacientes se les administró Neupogen Roche vía subcutánea por cuatro 
días, y posteriormente se asignaron al azar a un grupo que recibió tratamiento (se les administraron células madre hematopoyéticas 
autólogas por vía intramuscular en los gastrocnemios) y un grupo placebo (se les administro plasma autólogo por vía intramuscular en la 
misma zona). Los pacientes se evaluaron al inicio y a los tres meses con velocidad de conducción nerviosa de las extremidades inferiores. 
El éxito del trasplante se definió como mejoría en la velocidad de conducción nerviosa. 
Resultados: se incluyeron 20 pacientes, 15 en el grupo tratado y 5 en el grupo placebo. Ambos grupos tuvieron mejoría en la velocidad 
de conducción nerviosa del peroneo izquierdo, independientemente del número de células CD34+ infundidas. Las diferencias entre ambos 
grupos no fueron estadísticamente significativas.
Conclusiones: aunque encontramos una mejoría en la velocidad de conducción nerviosa con el trasplante autólogo de células madre 
hematoprogenitoras, creemos que deben realizarse más estudios para determinar el efecto del trasplante en la neuropatía diabética. 
Palabras clave: diabetes mellitus tipo 2, neuropatía diabética, velocidad de conducción nerviosa, trasplante de células autólogas hema-
topoyéticas

ABSTRACT

Background: To evaluate the effect of autologous hematopoietic CD34+ cell transplantation (HCT) on diabetic neuropathy in patients with 
type 2 diabetes mellitus.
Materials and Methods: We recruited ambulatory patients with type 2 diabetes and diabetic neuropathy as defined by the consensus 
of San Antonio without other active comorbidities. After s.c. filgrastim administration for 4 days, patients were randomized to a treatment 
group (intervened with autologous intramuscular HCT on the gastrocnemius region) or to a placebo group (intervened with autologous 
intramuscular plasma on the same region). Patients were evaluated by blinded personnel at the beginning and 3 months later by nerve 
conduction velocities (NCV) of lower extremities. Successful outcomes were defined as an improvement in NCV.
Results: Twenty patients were included, 15 in the treatment group and 5 in the placebo group. Both groups had successful outcomes 
in the left peroneal NCV, independent of the number of CD34+ cells transplanted. The differences between groups were not statistically 
significant. 
Conclusions: Although we found improvement in NCV with autologous HCT, we propose further studies to determine the effect of trans-
plantation on diabetic neuropathy.
Key words: Type 2 diabetes mellitus, diabetic neuropathy, nerve conduction velocity, autologous hematopoietic stem cell transplanta-
tion.
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Type 2 diabetes is one of the main causes of morta-
lity in our country, constituting a great economical 
burden for the health system1,2 and an important 

factor for the development of physical and social di-
sabilities. One of these is lower limb amputation as a 
consequence of peripheral vascular disease, sensorimotor 
peripheral diabetic neuropathy or both. In fact, type 2 
diabetes is the principal cause of lower limb amputation 
in our country.3

Several pathophysiological theories have been propo-
sed for the development of diabetic chronic complications,4 
including deficiencies of trophic or vasodilator factors, 
accumulation of toxic metabolic byproducts, anomalous 
activation of intracellular pathways, or even loss in the 
ability of stem cells to differentiate and/or incorporate 
into physiological repairing processes.5 In this sense, the 
use of stem cells (of totipotential, hematopoietic or endo-
thelial lineages) has been reported in animal and human 
models of limb ischemia6,7,8 as an alternative method for 
inducing neoangiogenesis, with outstanding outcomes. 
Nevertheless, there are no reports in the use of stem cells 
for the treatment of human sensorimotor peripheral dia-
betic neuropathy. Therefore, we performed this study to 
evaluate the effect of autologous hematopoietic CD34+ 
cell transplantation (HCT) on nerve conduction velocity 
(NCV) in patients with type 2 diabetes with diabetic 
neuropathy.

SUBJECTS
 
We recruited ambulatory patients with type 2 diabetes 
and diabetic neuropathy based on the definition of the 
consensus of San Antonio. Exclusion criteria were patients 
older than 75 years; hypercoagulable states; left ventricular 
ejection fraction <30%; cardiovascular disease; neoplastic 
disease; active infection; diabetic ketoacidosis or hyperos-
molar hyperglycemic state; or gangrene of any extremity 
requiring immediate surgery.  Patients were drawn out of 
the study if they failed to follow-up. 

MATERIALS AND METHODS

Eligible patients had an initial determination of a lipid 
profile and GHbA1c determination. They were invited to 
have electrophysiologic testing of the lower extremities 
(Nicolet Biomedical, Madison, USA) which evaluated pe-

roneal nerve conduction from the fibular head to the ankle, 
and posterior tibial nerve conduction from the popliteal 
fossa to the ankle, with a single, non-recurrent stimulation, 
lasting 0.2 miliseconds and with a mean intensity of 256 
V for peroneal nerve and 273 V for tibial nerve.  

Patients were randomly assigned to a treatment group 
(group 1) or a control group (group 2). All patients recei-
ved s.c. filgrastim (granulocyte-colony stimulating factor, 
Neupogen®, Roche, Bogota, Colombia) 5 mg/kg a day 
for a period of 4 days. Group 1 patients had a subsequent 
harvesting of 100 ml of bone marrow from the sacral region 
with a Jamshidi needle under sedation. The product was 
immediately processed in a refrigerated centrifuge SIGMA 
3K15 (SIGMA Laborzentrifugen GmBH, Osterode am 
Harz, Germany) at 3500 rev/min for 15 min at 8°C with 
pentastarch 6% to obtain a mononuclear cell layer that was 
later diluted in 50 ml of  5% albumin. In order to know how 
many CD 34+ cells were obtained, 0.5 ml of the product 
was diluted in CD45FITC (fluorescein isothiocyanate)/
CD34PE (phycoerythrin)/7ADD (7-amino actinomycin 
D) and analyzed in a BD FACScaliburTM cytofluorometer 
(Becton Dickinson, California, USA). We established a 
cut-off level of 2x106 CD34+ cells as adequate for trans-
plantation. CD34+ cells were delivered in a sterile 50 ml 
Falcon tube to the operating room. Group 1 randomly 
received CD34+ cells by 30-50 intramuscular injections 
(0.5-1 mL each) of the solution in the gastrocnemius region 
of either limb, applied with a 25-gauge needle with a depth 
of 1 cm. Group 2 randomly received 20 ml of autologous 
plasma without CD34+ cells by the same method in the 
same region of either limb.

Patients in both groups were followed weekly for a 
period of 12 weeks for adverse effects (pain, infection) 
as well as for the adjustment or inclusion of medications 
(oral hypoglycemic agents, insulin, statins) to achieve me-
tabolic control at the end of the study, defined as GHbA1c 
level <7%, total cholesterol less than 5.22 mmol/L, LDL 
cholesterol less than 2.62 mmol/L, and HDL cholesterol 
higher than 1 mmol/L for men and 1.16 mmol/L for wo-
men. Antibiotics and analgesics were started if considered 
necessary. At the end of the study, there were final deter-
minations of NCV of the lower extremities, lipid profile 
and GHbA1c determination where applicable. The main 
outcome of the study was the “development” of new nerve 
fibers as evaluated by NCV, defining a successful outcome 
as an improvement in NCV. 
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All subjects gave informed consent and we obtained 
approval of our institutional Ethics Committee. Com-
parison between paired variables were treated with the 
Wilcoxon signed rank test. Numerical changes (deltas) of 
the paired variables were correlated with each other using 
Spearman´s rho. We used SPSS for Windows 10.0 as the 
statistical program. A p value less than 0.05 was considered 
significant. Results are expressed in standard error of the 
mean (SEM) unless otherwise stated.

RESULTS

Twenty patients were included, 15 patients in group 1 
and 5 patients in group 2 (see table 1). One patient of the 
group 1 was lost to follow up. There were more men than 
women in both groups. Though patients in group 1 were 
older and patients in group 2 had longer standing diabetes, 
the difference was not statistically significant. 

Metabolic control. There were no statistical differences 
in GHbA1c, total cholesterol, HDL cholesterol and LDL 
cholesterol between groups both at the beginning or end 
of the study (see table 2). By our definition, with appro-
priate medications, 4 out of 11 patients of group 1 and 
2 out of 5 patients of group 2 achieved GHbA1c < 7%; 7 
out of 11 patients of group 1 and all patients of group 2 
achieved total cholesterol less than 5.22 mmol/L; 5 out of 
11 patients of group 1 and 3 out of 5 patients of group 2 
achieved LDL cholesterol less than 2.62 mmol/L; and 2 
out of 6 men and 4 out of 5 women of group 1 achieved 
the targeted HDL cholesterol, as well as 1 out of 3 men 
and 2 out of 4 women of group 2.

Paired changes in the metabolic parameters were only 
significant for GHbA1c levels in group 1 (p=0.03). 

Changes in nerve conduction velocities and stem 
cell transplantation. The mean CD34+ cell count was 
11.27±6.49 x106/kg. Changes in NCV in both groups are 
described in table 3. There were no statistical differences 
between both groups neither at the beginning nor at the 
end of the study, nor paired changes were significant. 
Changes in NCV were independent of the intervened leg. 
By our criteria, an improvement in NCV was seen in both 
groups for the left peroneal NCV, and in group 2 for the 
right tibial NCV.

The number of CD 34+ cells negatively correlated with 
the changes in NCV for all 4 determinations, but only the 
one with the right peroneal NCV was significant (r=-0.85, 

p=0.01). There were no other significant correlations 
between variables.

During the study, the sole side effect reported by 
patients in group 1 was transient lower limb edema, par-
ticularly in the site of injections.

DISCUSSION

This was a randomized, controlled trial that described the 
effect of the transplantation of CD34+ cells (and other non-
characterized mononuclear bone marrow cells) on NCV in 
type 2 diabetes patients. We demonstrated that with HCT 
there were patients who showed improvement in NCV in both 
groups, which leads us to speculate about the necessary role 
of harvesting and reinjecting autologous CD34+ cells into 
the patients for obtaining such a result. Maybe the sole use 
of filgrastim could mobilize stem cells into the circulation, 
that, by stimuli not described so far, could exert beneficial 
effects in injured tissues. Maybe the sole stimulation with 
filgrastim and/or the inflammatory stimuli provoked by the 
repetitive intramuscular injections could induce a beneficial 
microenvironment in group 2. Data supporting this hypothesis 
is the fact that there was no correlation between the intervened 
leg and the changes observed in NCV.  

Even when both groups achieved similar levels of 
GHbA1c at the end of the study (the group 2 showing a 
greater change in metabolic parameters than group 1), the 
improvement in metabolic control did not yield a better 
result in NCV. It would be interesting to note if there is 
an effect on metabolic parameters after CD34+ transplan-
tation without external intervention. 

This is the first report of sensorimotor peripheral dia-
betic neuropathy in humans treated with HCT. NCV was 
chosen as a surrogate marker of sensorimotor peripheral 
diabetic neuropathy since it is a supportive objective, 
non-invasive, reliable and recommended test.4  It is im-
portant to mention that, so far, the only resources that 
can “improve” NCV are aldose reductase inhibitors and 
pancreatic transplantation.4 In this study, some patients did 
show improvement in the NCV, but we found an apparent 
deleterious effect on the change in NCV by increasing 
number of CD34+ cells. The mechanism of change is unk-
nown so far. A previous report by Hasegawa et al9 showed 
improvement in NCV in streptozotocin-induced diabetic 
rats after HCT at 4 weeks of observation. These effects 
were blunted with the administration of anti-vascular en-
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dothelial growth factor neutralizing antibodies, and were 
independent of neoangiogenesis. 

A disadvantage of the study was the small number of 
patients involved. This small number, added to the wide 
distribution of the values in the groups, cannot permit the 
generalization of results.  Also, depending on which side you 
look at it, the treatment of some patients was targeted towards 
achieving the best metabolic control that could be obtained. 
This could potentially blur the effect of the transplantation 
on metabolic parameters, but we felt that given the vascular 
nature of the patients involved, it would be unethical to leave 
the patients without any further adjustment.  

Other disadvantage was the short duration of the study. 
We chose a three-month model as an empirical period of 
time, since, as described above, in animal models changes 
in NCV were demonstrated in a shorter period of time. 
Maybe in humans the regeneration or new formation of 
nerve fibers takes a longer period of time. Also, we do not 
know if we are applying the right kind of cell. Speaking 
of diabetic neuropathy, maybe the utilization of neural 
stem cells (CD133+ CD34- CD45-)10 could provide bet-
ter results. Also, it would be interesting to determine the 
presence of specific neuronal markers (NeuN, nestin)11 in 
injured tissues after HCT.

Our results, we conclude, further stimulate prospective 
studies looking at the effect of HCT on diabetic neuro-
pathy.

Disclosure: The authors declare no conflicts of interest.

Acknowledgements 
We profoundly appreciate the work of Luz del Carmen 
Tarín-Arzaga, MD and Rosario Salazar-Riojas in the 
development of this work.

REFERENCES

1.  Arredondo A, Zúñiga A: Economic consequences of epide-
miological changes in diabetes in middle-income countries: 
the Mexican case (2004) Diabetes Care 27:104-9.

2.  Fact sheet no. 312 of the World Health Organization. 
Diabetes. [Article online], 2006. Available from http://
www.who.int/mediacentre/factsheets/en, accessed 16 
June 2008.

3.  Bloomgarden ZT. American Diabetes Association 60th Scien-
tific Sessions, 2000: the diabetic foot (2001) Diabetes Care 
24:946-51.

4.  Boulton AJM, Malik RA, Arezzo JC, Sosenko JM: Diabetic 
somatic neuropathies (2004) Diabetes Care 27:1458-86.

5.  Loomans CJ, de Koning EJ, Staal FJ, Rookmaaker MB, 
Verseyden C, de Boer HC et al.: Endothelial progenitor cell 
dysfunction: a novel concept in the pathogenesis of vascular 
complications of type 1 diabetes (2004) Diabetes 53:195-
99.

6. Huang P, Li S, Han M, Xiao Z, Yang R, Han ZC: Autologous 
transplantation of granulocyte colony–stimulating factor 
mobilized peripheral blood mononuclear cells improves 
critical limb ischemia (2005) Diabetes Care 28:2155-
60.

7. Levy BI: Diabetes and ischemia of lower extremities: potential 
strategies of therapeutic angiogenesis (2005) Journ Annu 
Diabetol Hotel Dieu:27-32.

8. Silvestre JS: Diabetes and peripheral arterial occlusive disea-
se: therapeutic potential and pro-angiogenic strategies (2006) 
Ann Cardiol Angiol 55:100-3.

9.  Hasegawa T, Kosaki A, Shimizu K, Matsubara H, Mori Y, 
Masaki H et al.: Amelioration of diabetic peripheral neuro-
pathy by implantation of hematopoietic mononuclear cells 
in streptozotocin-induced diabetic rats (2006) Exp Neurol 
199:274-80.

10.  Martinez-Serrano A, Rubio FJ, Navarro B, Bueno C, Villa A: 
Human neural stem and progenitor cells: In vitro and in vivo 
properties, and potential for gene therapy and cell replacement 
in the CNS (2001) Curr Gene Ther 1:279-99.

11.  Mezey É, Chandross KJ, Harta G, Maki RA, McKercher SR: 
Turning blood into brain: Cells bearing neuronal antigens 
generated in vivo from bone marrow (2000) Science 290:1779-
82.

Lavalle-González FJ y col.


