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Transplantation of human umbilical cord blood cells improves
glycemia and glomerular hypertrophy in type 2 diabetic mice
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Abstract
Recent in vitro and in vivo studies have shown that either animal- or human-derived embryonic stem cells can diﬀerentiate into
insulin-secreting cells and lower blood glucose levels. However, studies utilizing human umbilical cord blood (HUCB) mononuclear
cells to improve blood glucose levels in diabetic animals have received little attention. In this study, we examined the eﬀect of transplanted HUCB mononuclear cells on blood glucose levels, survival, and renal pathology in obese mice with spontaneous development of type 2 diabetes. The results show that injection of HUCB mononuclear cells into orbital plexus of mice caused improvement
not only in blood glucose levels and survival rate but also normalization of glomerular hypertrophy and tubular dilatation. Thus,
transplantation of HUCB mononuclear cells appears to be another modality of stem cell therapy in diabetes mellitus.
 2004 Elsevier Inc. All rights reserved.
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Islet cell transplantation to improve blood glucose
levels has received renewed interest in recent years
[1–9]. This procedure requires both adequate islet cell
mass and immunosuppression. Therefore, continued
eﬀorts are being made to generate new sources of nonpancreating insulin-producing cells. Embryonic stem
(ES)-derived cells, either from animals or humans, were
found to be one such source [10–20]. These stem cells are
pluripotent with diﬀerentiation to b-cells that are committed to secretion of insulin. Soria et al. [12] implanted
one million mouse ES-derived insulin-secreting cells into
the spleen of streptozotocin diabetic mice, and found
normalization of blood glucose levels within a week
and restoration of body weight in 4 weeks. Shah and
Jindal [21] reported reversal of diabetes in the rat by
injection of hematopoietic stem cells infected with
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recombinant adeno-associated virus containing the preproinsulin II gene. Stepanovic et al. [22] demonstrated
wound healing in type 2 diabetic mice following mouse
bone marrow cells injected under skin wounds. Thus,
ES cells from diﬀerent sources can improve glycemia
as well as wound healing in diabetes.
In addition to ES-derived and bone marrow stem cells
from animals and humans, mononuclear cells derived
from human umbilical cord blood (HUCB) were also
found to diﬀerentiate into cells that improve a variety of
disease conditions in animals [23]. In a preliminary study,
transplantation of HUCB mononuclear cells into type 1
diabetic mice improved not only their glycemia but also
survival [24]. This study prompted us to examine whether
a similar improvement in glycemia and survival could be
observed in mice with spontaneous development of type 2
diabetes. Furthermore, the inﬂuence of these cord blood
cells on the pathology of the kidney was examined. The
study was performed without any immunosuppression.
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Materials and methods
Animals. Twenty type 2 diabetic mice (B6.Y-Lepob), obtained from
the Jackson laboratory, were used for the study. Ten mice received
200 · 106 HUCB mononuclear cells retro-orbitally into the venous
plexus at the age of 75 days. Ten mice did not receive any cells and
served as controls. All mice were weighed every 2 weeks until sacriﬁce
at 392 days of age. Blood for glucose was obtained from the orbital
plexus every 4 weeks until sacriﬁce. Glucose levels were determined by
the glucose oxidase method using the reagents supplied by Sigma
Chemical (St. Louis, MO). All mice were fed Purina rodent chow 5001
ad libitum and allowed to drink tap water. At the end of the study, the
surviving mice were sacriﬁced under O2/CO2 anesthesia and the kidneys were removed. A portion of the kidney was ﬁxed in 10% buﬀered
formalin, 2 lm thick sections were prepared and stained with periodic
acid–Schiﬀ for light microscopy. Procedure for the collection and use
of HUCB for this study was approved by the Institutional Review
Board of New Jersey Medical School, Newark, NJ. The mice were
housed in an AAALAC-1 approved animal facility, and the project
was approved by the Institutional Animal Review Committee.
Collection and preparation of human cord blood. HUCB samples
were obtained from placentas of healthy full-term neonates. Each cord
blood sample was collected into a 50 ml sterile polypropylene test tube
containing 5 ml of citrate phosphate dextrose as an anticoagulant. The
volume collected varied from 20 to 40 ml, and the samples were kept at
room temperature until they were sent to the blood bank for storage.
The samples were then transferred into a polyoleﬁn blood collection
bag (Cryocyte Freezing Container, Baxter Healthcare, Deerﬁeld, IL)
that allows gaseous transfer and were stored at 4 C in a blood bank
refrigerator. Donor specimens were combined according to their blood
type (ABO). After storage for 10–13 days, units were placed in a 15 ml
disposable centrifuge tube and the mononuclear cells were separated
from the whole cord blood by Ficoll–Hypaque (Sigma, St. Louis, MO)
density gradient centrifugation. The cells were then washed twice with
phosphate buﬀered saline (PBS) and centrifuged for 10 min at
1000 rpm. One milliliter of PBS was added to the pellet for counting.
After the viability and counting were determined, the mononuclear
cells were centrifuged for 10 min at 1000 rpm, then 0.2 ml of PBS solution was added for ﬁnal dilution and injection into the mouse (retroorbital). This process was repeated the next day to bring the total
number of mononuclear cells given to the animals up to 200 · 106. This
large dose of cells was selected because of previous studies that showed
a dose-dependent survival of mice [23].
Statistical analysis. All data are expressed as means ± SD. StudentÕs
t test was used to calculate the statistical signiﬁcance and a P value
<0.05 was considered signiﬁcant. Survival curves were plotted using
the Kaplan–Meier method.

Fig. 1. Body weights (g) at diﬀerent days of age in control diabetic
mice (no Rx) and diabetic mice that received human umbilical cord
blood mononuclear cells at diﬀerent days of age. *Statistical signiﬁcance at P < 0.001. Number of mice at start of study in each group = 10.

Fig. 2. Blood glucose levels (mg/dL) at diﬀerent days of age in control
diabetic mice (no Rx) and diabetic mice that received human umbilical
cord blood mononuclear cells. *Statistical signiﬁcance at P < 0.001.
Number of mice at start of study in each group = 10.

study. Blood glucose levels increased with duration of
diabetes in control mice, reaching up to 344 ± 1.88 mg/
dL at the age of 392 days. In contrast, the blood glucose
levels were signiﬁcantly lower (P < 0.001) in transplanted
mice. At the time of sacriﬁce (392 days), the blood glucose levels were 262 ± 1.76 mg/dL.

Results
Fig. 1 shows body weights in control and HUCB recipient mice. No diﬀerence in the body weight was observed between the two groups of mice at the start of
the study (75 days of age). The body weight in control
mice increased with increasing age. In HUCB recipients,
however, the body weight was found to be signiﬁcantly
lower (P < 0.001) from 196 to 280 days compared to control mice. This diﬀerence was not observed after 280
days of age.
Blood glucose levels in both groups of mice are
shown in Fig. 2. Similar to body weights, no diﬀerence
in blood glucose levels was observed at the start of the

Fig. 3. Kaplan–Meier survival curves for control diabetic mice (no Rx)
and diabetic mice that received human umbilical cord blood mononuclear cells.
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Fig. 4. Photomicrographs of representative glomeruli from control diabetic mice (no Rx) (A) and diabetic mice that received human umbilical cord
blood mononuclear cells (B). Note glomerular hypertrophy and tubular dilatation in control and attenuation of these changes in transplanted mice.
Periodic acid–Schiﬀ, 100·.

Fig. 3 shows Kaplan–Meier survival curves in control
and transplanted mice. All control mice (N = 10) survived up to 150 days of age; however, only two mice
were alive at 392 days. In contrast, ﬁve transplanted
mice were alive at 392 days of age (P < 0.001).
Light microscopic structure of the kidney is shown in
Fig. 4. Glomerular hypertrophy is clearly evident in control mice, which was attenuated in transplanted mice.
Also, tubular dilatation is more evident in control than
transplanted mice.

Discussion
This study demonstrates several important observations. First, transplantation of HUCB mononuclear
cells improves blood glucose levels and survival in type
2 diabetic mice. Second, both glomerular hypertrophy
and tubular dilatation are attenuated by transplantation
of these cells; and third, these beneﬁcial eﬀects occurred
without prior or concomitant immunosuppression.
Normalization of blood glucose levels within a week
was observed in streptozotocin diabetic mice following
splenic transplantation of ES-derived insulin-secreting
cells [12]. However, this blood glucose-lowering eﬀect
was not observed in 40% of the mice 12 weeks following
transplantation. In our study, we were able to observe
lowering, but not normalization, of blood glucose levels
until the end of the study. Thus, transplantation of
HUCB mononuclear cells appears to be a better approach for continued improvement of blood glucose
levels in diabetic mice.
The observed 80% decrease in survival in untreated
mice is not unexpected. The improved survival in transplanted mice appears to be related to maintenance of
moderate blood glucose levels.
To our knowledge, no study has addressed the implication of stem cell therapy on kidney disease in diabetic
animals. Renal hypertrophy is a well-documented phe-

nomenon in type 1 and possibly type 2 diabetic animals
and human beings [25,26]. In our study, glomerular hypertrophy and tubular dilatation were observed in control
mice, and both these abnormalities were attenuated by
transplantation of HUCB mononuclear cells. This attenuation occurred in the presence of moderate hyperglycemia, suggesting that HUCB mononuclear cells may
have a diﬀerent mechanism to normalize renal growth.
In conclusion, transplantation of HUCB mononuclear cells into type 2 diabetic mice improves not only
blood glucose levels and survival, but also glomerular
hypertrophy without prior or concomitant immunosuppression. The mechanisms by which these improvements
occurred remain unknown.
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[12] B. Soria, E. Roche, G. Berná, T. León-Quinto, J.A. Reig, F.
Martin, Insulin-secreting cells derived from embryonic stem cells
normalize glycemia in streptozotocin-induced diabetic mice,
Diabetes 49 (2000) 157–162.
[13] S. Assady, G. Maor, M. Amit, J. Itskovitz-Eldor, K.L. Skorecki,
Insulin production by human embryonic stem cells, Diabetes 50
(2001) 1691–1697.

171

[14] N. Lumelsky, O. Blondel, P. Laeng, I. Velasco, R. Ravin, R.
McKay, Diﬀerentiation of embryonic stem cells to insulinsecreting structures similar to pancreatic islets, Science 292
(2001) 1389–1394.
[15] B. Soria, A. Skoudy, E. Martin, From stem cells to beta cells: new
strategies in cell therapy of diabetes mellitus, Diabetologia 44
(2001) 407–415.
[16] S. Bonner-Weir, Stem cells in diabetes: what has been achieved,
Horm. Res. 60 (Suppl. 3) (2003) 10.
[17] Y. Moritoh, E. Yamato, Y. Yasui, S. Miyazaki, J.-I. Miyazaki,
Analysis of insulin-producing cells during in vitro diﬀerentiation
from feeder-free embryonic stem cells, Diabetes 52 (2003) 1163–
1168.
[18] R. Passier, Potential of human embryonic stem cells in regenerative medicine, Horm. Res. 60 (Suppl. 3) (2003) 11–14.
[19] S. Miyazaki, E. Yamamoto, J.-I. Miyazaki, Regulated expression
of pdx-1 promotes in vitro diﬀerentiation of insulin-producing
cells from embryonic stem cells, Diabetes 53 (2004) 1030–
1037.
[20] M.J. Shamblott, G.O. Clark, Cell therapies for type 1 diabetes
mellitus, Expert Opin. Biol. Ther. 4 (2004) 269–277.
[21] R. Shah, R.M. Jindal, Reversal of diabetes in the rat by injection
of hematopoietic stem cells infected with recombinant adenoassociated virus containing the preproinsulin II gene, Pancreatology 3 (2003) 422–428.
[22] V. Stepanovic, O. Awad, C. Jiao, M. Dunnwald, G.C. Schatteman,
Leprdb diabetic mouse bone marrow cells inhibit wound
vascularization but promote wound healing, Circ. Res. 92 (2003)
1247–1253.
[23] N. Ende, The Berashis cell: a review. Is it similar to the embryonic
stem cell?, J. Med. 31 (2000) 113–129.
[24] N. Ende, R. Chen, R. Mack, NOD/LtJ type 1 diabetes in mice
and the eﬀect of stem cells (Berashis) derived from human
umbilical cord blood, J. Med. 33 (2002) 181–187.
[25] K. Seyer-Hansen, Renal hypertrophy in experimental diabetes
mellitus, Kidney Int. 23 (1983) 643–646.
[26] A.S. Reddi, Diabetic Nephropathy. Theory and Practice, College
Book Publishers, New Jersey, 2004.

