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Tec de Monterrey, and
cBiotechnology and Health
School, Tecnológico de
Monterrey, Monterrey,
Mexico

Correspondence: Maria Teresa
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ABSTRACT

Improvements in quality of life and life expectancy have been observed in amyotrophic lateral
sclerosis (ALS) patients transplanted with CD133� stem cells into their frontal motor cortices. How-
ever, questions have emerged about the capacity of cells from these patients to engraft and differ-
entiate into neurons. The objective of thisworkwas to evaluate the in vitro capacity of CD133� stem
cells from 13 ALS patients to differentiate into neuron lineage. Stem cells were obtained through
leukapheresis and cultured in a control medium or a neuroinduction medium for 2–48 hours. Ex-
pression of neuronal genes was analyzed by reverse transcription polymerase chain reaction (RT-
PCR) and immunohistochemical techniques. Fluorescence microscopy demonstrated that CD133�

stem cells from ALS patients incubated for 48 hours in a neuroinduction medium increased the
detection of neuronal proteins such as nestin, �-tubulin III, neuronal-specific enolase, and glial
fibrillary acidic protein. RT-PCR assays demonstrated an increase in the expression of �-tubulin III,
nestin,Olig2, Islet-1,Hb9, andNkx6.1. No correlationwas found between age, sex, or ALS functional
scale and the CD133� stem cell response to the neuroinductionmedium.We conclude that CD133�

stem cells from ALS patients, like the stem cells of healthy subjects, are capable of differentiating
into preneuron cells. STEM CELLS TRANSLATIONAL MEDICINE 2013;2:129–135

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a middle
age-onset, rapidly deteriorating neurological dis-
order characterized by the selective death of up-
per motor neurons in the brain and lower motor
neurons in the spinal cord. The mean survival for
patients with ALS is 3 years [1–5]. Despite excit-
ing advances in identifying themolecular basis of
ALS, the etiology of sporadic cases remains unex-
plained. Unfortunately, there is no available or
effective treatment for this condition. Different
drugs have been proposed for treatment, such as
lithium, a neuroprotective compound that pro-
motes autophagy and helps to eliminate the
�-synuclein and ubiquitin that accumulate in af-
fected neurons. The immunomodulatory agents
lenalidomideandcannabinoidshavealsobeenpro-
posed as therapeutic agents for ALS because of
their anti-inflammatory effects, inflammation be-
ing theprobable culprit ofmotorneurondeath. Be-
cause oxidative stress could also play an important
role in neuron damage, coenzyme Q10 has been
administered toALSpatients. Riluzole is thedrugof
choice and the only one approved by theU.S. Food
and Drug Administration for the treatment of ALS.
This compound is a glutamatergic systemmodula-

tor that apparently inhibits the presynaptic release
of glutamic acid. Unfortunately, only modest sur-
vival increases have been reported with the use of
any of these drugs [6–11].

Stem cell therapy has been proposed and used
as an alternative formof treatment for ALS [12–19]
and other neurodegenerative disorders, including
Parkinson’s disease [20], stroke [21], and spinal
cord injury [22–24]. The capacity of adult stemcells
for in vitro and in vivo differentiation has been
widely demonstrated. Stem cells that bear the sur-
face antigen CD133� are presently isolated from a
wide range of sources, including bonemarrow, pe-
ripheral blood, and umbilical cord [15, 25, 26].
These cells have been shown to be capable of dif-
ferentiating into neuron-like cells in vitro [27] and
to provide neuroprotection [28], and they have
been used in several clinical trials [29–36].

Recently, we reported the effects of autolo-
gous transplantation to themotorneuroncortexof
CD133� stem cells in patients with confirmed ALS
[15].Therationale for this studywasthat thesecells
were capable of differentiating into neuron-like
cells in vitro [27], and therefore their implantation
could improve uppermotor neuron functions by the
renewalof lostneuronalpopulation.Results fromthis
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research trial demonstrated a significant delay in ALS progression as
well as improvement in life quality. Furthermore, the procedure was
defined as safe andwell toleratedby study subjects [37].

At the present time there is no technology available to
probe whether the cells implanted into brains of our study
patients [15] were capable of engraftment and differentiation
into neurons. Additionally, some doubts have been raised
about the plastic capacity of stem cells from ALS patients to
differentiate into other cell lineages. Bossolasco et al. re-
ported a significant diminution response of bone marrow
stem cells from ALS patients to convert into adipogenic and
osteoblastic tissue [38]. Therefore, it is important to confirm
whether CD133� stem cells from ALS patients have the same
capacity as those from healthy subjects to differentiate into
neurons. In addition, there is a report that cells from elderly
donors (over 45 years of age) have lost this capacity [39]. The
aim of this research was, therefore, to test whether CD133�

stem cells from 13 ALS patients were able to respond in vitro,
as has been reported for healthy donators.

MATERIALS AND METHODS

Study Subjects
Thirteen ALS patients, 4 women and 9 men, were included and
signed an informed consent form as established in a protocol ap-
proved by the Ethics and Research Committees of the School of
Biotechnology and Health at Tec de Monterrey and Hospital San
José. Patients participating in this study ranged in age from41 to 77
years, and all had spinal onset ALS. At the time of cell sampling, pa-
tients were clinically evaluated with the ALS Functional Rating Scale-
Revised (ALSFRS-R) [40],with scores ranging from24 to46points. Two
of the13patients hadbeenprescribed riluzole (Table 1).

CD133 Stem Cell Isolation
Peripheral blood mononuclear cells were obtained by leu-
kapheresis (Baxter CS3000�; Baxter Health Care Systems, Deer-
field, IL, http://www.baxter.com) and were initially enriched by
Percoll density gradient centrifugation. After beingwashed three
times with phosphate-buffered saline (PBS), cell suspensions
were conjugated with anti-human CD133� microbeads and iso-
lated in a magnetic field over a MiniMACS separation column
(Miltenyi Biotec, Bergisch Gladbach, Germany, http://www.
miltenyibiotec.com). Cellswere counted in a Beckman Z2Coulter

Counter (Beckman Coulter, Fullerton, CA, http://www.
beckmancoulter.com), and samples of 1.0 � 106 cells were cul-
tured in 60-mm dishes for 24 hours in Dulbecco’s modified Ea-
gle’smedium (DMEM-F12; Gibco, Grand Island, NY, http://www.
invitrogen.com) supplemented with 20% fetal bovine serum
(FBS) and penicillin (100 �g/ml)/streptomycin (250 ng/ml) at
37°C in humid air with 5% CO2. After that, the medium was
changed and cells weremaintained in DMEM-F12 supplemented
with 10% FBS and antibiotics (Gibco) for 1 week until cultures
became confluent. Cells were then harvested and seeded into
plates containing neuroinduction medium for 2–48 hours. As
control medium 1 (C1), cells were incubated in DMEM-F12 sup-
plemented with antibiotics without FBS. Control medium 2 (C2)
contained DMEM-F12 supplemented with antibiotics and 5%
FBS.

Neuroinduction Medium
Cellswere induced to differentiate into neuron-like cells by seed-
ing on poly-L-lysine precoated plates and incubation with neuro-
induction medium (NIM): DMEM-F12 supplemented with 5%
FBS, 1 �M retinoic acid (trans), 1 mM �-2-mercaptoethanol, 2
mM L-glutamine, 0.2% dimethyl sulfoxide (Sigma-Aldrich, St.
Louis, MO, http://www.sigmaaldrich.com), 10 ng/ml basic fibro-
blast growth factor, 40 ng/ml epidermal growth factor (Invitro-
gen, Grand Island, NY, http://www.invitrogen.com), 10 ng/ml
sonic hedgehog (SHH; R&D Systems Inc., Minneapolis, MN,
http://www.rndsystems.com), and 0.5mM3-isobutyl-1-methyl-
xanthine (Sigma-Aldrich). Detection of mRNA and neuroproteins
was conducted after cells were incubatedwith NIM at 37°C in 5%
CO2 for 2, 6, 12, 24, or 48 hours.

Protein Detection by Immunocytochemistry
Cells were fixed using 4%paraformaldehyde 0.1mMPBS, pH 7.4,
for 10minutes and thenwashed three timeswith PBS. Cells were
permeabilized using 0.3% Triton X-100 in PBS for 5minutes. Non-
specific antibody reactions were blocked with 5% bovine serum
albumin (BSA) in PBS for 1 hour. Next, cells were incubated over-
night at 4°C with primary mouse monoclonal antibodies diluted
in PBS containing 1% BSA. The antibodies used were directed to
detection of glial fibrillary acidic protein (GFAP; Serotec Kidling-
ton, Oxford, U.K., http://www.abdserotec.com), neuronal-spe-
cific enolase (NSE; Millipore, Billerica, MA, http://www.
millipore.com), �-tubulin III (TuJ1) (Promega, Madison, WI,
http://www.promega.com), and nestin (Serotec). The secondary
antibody used was goat anti-mouse fluorescein isothiocyanate
(Pierce, Rockford, IL, http://www.piercenet.com). Nuclear con-
trast was performed with 4�,6-diamidino-2-phenylindole (Santa
Cruz Biotechnology Inc., Santa Cruz, CA, http://www.scbt.com).

Gene Expression by Reverse Transcription-Polymerase
Chain Reaction
RNA was isolated according to the manufacturer’s instructions
for the GenElude mammalian total RNA miniPrep kit (Sigma-
Aldrich), and reverse transcription-polymerase chain reaction
(RT-PCR) was performed according to the instruction manual of
the One-Step RT-PCR kit (Qiagen, Crawley, U.K., http://www.
qiagen.com). Primers were designed as follows: internal control
gene GAPDH (glyceraldehyde-3-phosphate dehydrogenase):
sense, 5�-CATGGAGAAGGCTGGGG-3�, antisense, 5�-CAAAGTT-
GTCATGGATGACC-3�; nestin: sense, 5�-AGGATGTGGAGGTAGT-
GAGA-3�, antisense, 5�-TGGAGATCTCAGTGGCTCTT-3�; Olig2:

Table 1. Characteristics of amyotrophic lateral sclerosis patients

Patient Age Sex Etiology ALSFSR-R
Months after
diagnosis

1 55 F Sporadic 24 60
2 60 M Sporadic 30 76
3 41 M Sporadic 27 63
4 47 M Sporadic 40 58
5 51 M Sporadic 46 55
6 65 F Sporadic 34 62
7 61 F Sporadic 37 53
8a 56 F Sporadic 30 55
9 77 M Sporadic 29 57
10a 58 M Sporadic 29 63
11 56 M Sporadic 29 51
12 42 M Sporadic 29 17
13 48 M Sporadic 30 54
aRiluzole prescribed.
Abbreviations: ALSFSR-R, Amyotrophic Lateral Sclerosis Functional
Scale-Revised; F, female; M, male.
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sense, 5�-AAGGAGGCAGTGGCTTCAAGTC-3�, antisense, 5�-
CGCTCACCAGTCGCTTCATC-3�; �-tubulin III: sense, 5�-CGAGAC-
CTACTGCATCGACA-3�, antisense, 5�-GGGATCCACTCCACGAAGTA-
3�; Islet-1: sense, 5�-TGATGAAGCAACTCCAGCAG-3�, antisense,
5�-TTTCCAAGGTGGCTGGTAAC-3�; Nkx6.1: sense, 5�-TCAGGT-
CAAGGTCTGCTTCC-3�, antisense, 5�-TCAACAGCTGCGTGATTTTC-
3�; Hb9: sense, 5�-AAGATGCCCGACTTCAACTC-3�, antisense, 5�-
GACAGGTACTTGTTGAGCTTG-3�. RT-PCR products for each target
gene were resolved by 2% agarose gel electrophoresis, visualized
withSYBRGreen (Qiagen) (diluted1:10,000 inTris-borate-ethylene-
diaminetetraacetic acid. The bands were observed under UV light
and photographed in aUVP high-performanceUV transilluminator,
DigiDoc-It (Cambridge, U.K., http://www.uvp.com), and analyzed
with the GelAnalyzer program (http://www.gelanalyzer.com).

Statistical Analysis
Statistical analyses were performed with SPSS software (v. 17.0;
SPSS, Chicago, IL, http://www.spss.com). For each variable un-
der study, medians, SDs, and ranges were calculated. The Pear-
son correlation between patient characteristics and gene ex-
pression after 48 hours of NIM cell incubation was considered to
be significant for values of p � .05. Otherwise, the nonparamet-
ric Kendall’s �-b test was performed.

RESULTS

Protein Detection by Immunocytochemistry
The results demonstrated a basal presence of�-tubulin III in cells
cultured in control media; with or without 5% FBS, the positive
signal was restricted to the area surrounding the nucleus. How-
ever, after cells were exposed for 2 hours to NIM, a positive
signal for �-tubulin III was more evident, its distribution was
observed throughout the cytoplasm, and changes in cell mor-
phology were observed (Fig. 1A).

Immunocytochemistry for the neuronmarker nestin demon-
strated a similar distribution; cells cultivated in control media
showed basal staining near the nucleus, consistentwith previous
reports [30], but a strong staining throughout the cytoplasm
from 2 hours after incubation in NIM was observed in at least

50% of the cells (Fig. 2A). In the case of NSE, immunofluores-
cence microscopy of cells cultivated in control medium showed
slight staining surrounding the nucleus (Fig. 3A). After 2 hours of
incubation in NIM, a significant increase in staining was ob-
served, but only in areas surrounding the nucleus (Fig. 3B). A
similar pattern of expression was observed for GFAP with a dis-
tribution in control cultures restricted to the nucleus (Fig. 3C);
however, upon NIM addition, a significant increase of the stain-
ing throughout the cytoplasm was observed, and cell morpho-
logical changes as well (Fig. 3D).

Gene Expression by Reverse Transcription-Polymerase
Chain Reaction
Cells cultivated with NIM showed a time-dependent increase in
�-tubulin III transcription that was greatest at 48 hours (Fig. 1B),
coincidingwith themorphological changesobservedbymicroscopy
(Fig. 1A).

RT-PCR for nestin transcription showed expression correlation
with incubation time being greatest at 48 hours (Fig. 2B). No signif-
icant differenceswith respect to controlmediawere observed until
24 hours of incubation in NIM.Olig2 expression in induced CD133�

stem cells from ALS patients was negative in cells incubated with
control medium. Some patients’ cells incubated in NIM expressed
Olig2 after 12 hours of incubation, and the expression level was
increased at 48 hours (Fig. 4A, 4B). After 48 hours of incubation in
NIM, cells fromall patients expressedOlig2 (Fig. 4C, 4D). RT-PCR for
Islet-1,Nkx6.1, andHb9was performedwith a sample from cells of
a patient that showed a high expression of Olig2 after 48 hours of
incubation inNIM. In this sample, expressionof the threegeneswas
observed after 48 hours of incubation in NIM. Cells incubated in
control mediumwere negative (Fig. 5).

Statistical Analysis
Statistical analysis did not show any correlation between patient
characteristics and �-tubulin III or nestin gene expression after
2–48 hours of incubation in NIM. However, Olig2 expression
showed a proportional decrease in intensity with respect to pa-
tient age (p � .05). ALSFRS-R, disease duration, and sex showed
no correlation with Olig2 expression.

Figure 1. Representative images of immunofluorescence detection of �-tubulin III in CD133� stem cells from an amyotrophic lateral sclerosis
patient. (A): Positive staining for �-tubulin III was detected around the nucleus (green) after 2 hours of incubation in control medium. After 2 h of
incubation in NIM, distributionwas detected across the cytoplasm. The nucleuswas labeledwith 4�,6-diamidino-2-phenylindole (blue). Scale bar�
20 �m. (B): Graphic representation of the average expression of �-tubulin III in patient cells detected by reverse transcription-polymerase chain
reaction (RT-PCR) after 2–48 hours. Bars represent the SD of patient values. (C): Representative images of agarose electrophoresis of
RT-PCR products for �-tubulin III. Lanes show molecular weight markers (M), cells grown in Dulbecco’s modified Eagle’s medium
(DMEM-F12) (C1), cells grown in DMEM-F12 supplemented with 5% fetal bovine serum (FBS) (C2), and cells incubated for 2–48 hours
in DMEM-F12 supplemented with 5% FBS and inducers. Abbreviations: C1, control medium 1; C2, control medium 2; Ctrl, control
medium; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; M, molecular weight markers; NIM, neuroinduction medium.
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DISCUSSION

Because ALS is a motor neuron degenerative disease, the study
was designed to investigate the possibility that CD133� cells
from ALS patients could become neuron-like cells, or at least
immature motor neurons. To confirm a possible lineage, RT-PCR

was performed to detect the expression ofOlig2, a transcription
factor characteristic of immature motor neurons [41]. The ex-
pression of Olig2 in motor neuron progenitors during embryo-
genesis is strictly dependent on a precise amount (100 ng/ml) of
SHH ligand that is secreted from the notochord during embryo-
logical development of the nervous system [42, 43]. For the

Figure 2. Representative images of immunofluorescence detection of nestin in CD133� stem cells from an amyotrophic lateral sclerosis
patient. (A): Positive staining for nestin was detected around the nucleus (green) after 2 hours of incubation in control medium. After 2 hours
of incubation in NIM, distribution was detected across the cytoplasm. The nucleus was labeled with 4�,6-diamidino-2-phenylindole (blue).
Scale bars � 20 �m. (B): Graphic representation of the average expression of nestin in patient cells detected by reverse transcription-
polymerase chain reaction (RT-PCR) after 2–48 hours. Bars represent the SD of patient values. Under the graph are representative images of
agarose electrophoresis of RT-PCR products for nestin. Lanes showmolecular weight markers (M), cells grown in Dulbecco’s modified Eagle’s
medium (DMEM-F12) (C1), cells grown in DMEM-F12 supplementedwith 5% fetal bovine serum (FBS) (C2), and cells incubated for 2–48 hours
in DMEM-F12 supplemented with 5% FBS and inducers. Abbreviations: C1, control medium 1; C2, control medium 2; Ctrl, control medium;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase; M, molecular weight markers; NIM, neuroinduction medium.

Figure 3. Representative images of immunofluorescence detection of neuronal-specific enolase (NSE) and glial fibrillary acidic protein (GFAP)
(green) in CD133� stem cells from an amyotrophic lateral sclerosis patient after 2 hours of cultivation in control medium and neuroinduction
medium (NIM). (A): NSE was not detected in cells incubated in control medium. (B): Moderate staining for NSE was observed around the
nucleus in cells incubated in NIM; nucleus was labeled with 4�6-diamidino-2-phenylindole (DAPI) (blue). (C): Cells incubated with control
medium showed positive staining against GFAP around the nucleus. (D): Cells incubated in NIM showed a cytoplasmic distribution of GFAP;
nucleus was labeled with DAPI (blue). Scale bars � 20 �m.
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above, NIM was supplemented with this ligand. Expression of
Olig2 was not detected in control samples. However, cells from
most patients showed weak expression of this gene after 12
hours of incubation in NIM and a strong expression after 48
hours (Fig. 3). This finding is important because it demonstrates
the capacity of stem cells from ALS patients to express a marker
for immature motor neurons and therefore suggests that cells
from these patients are capable of differentiating into immature
motor neurons. In addition, to strengthen the possible motor

neuron lineage predifferentiation, one sample that gave a signif-
icant signal for Olig2 was analyzed for Islet-1, Nkx6.1, and Hb9
gene expression. Results showed a positive expression for all
these genes (Fig. 5). The homeobox gene Hb9 is selectively ex-
pressed by motor neurons in the developing vertebrate central
nervous system. In embryonic chick spinal cord, the ectopic expres-
sion of Hb9 is sufficient to trigger motor-neuron differentiation [44
46]. Furthermore, Hb9� cells differentiate into electrophysiologi-
cally functionalmotor neuron cells and formed synapseswithmyo-
tubes a fewweeks after all-trans retinoic acid andShhagonist treat-
ment in human and monkey embryonic cells [45]. It has been
demonstrated that Islet-1expression represents theearliestmarker
of developing motor neurons and most likely is involved in the
establishment ofmotor neuron fate [46]. Lastly,Nkx6.1-express-
ing cells give rise to three neuronal subtypes: V3 interneurons,
motor neurons, and V2 interneurons. In its absence, loss of two
of the three neuroprogenitor cell populations (V2 interneurons
and motor neurons) is observed [47]. Therefore, the expression
of all these genes in our patient CD133� stem cells raises the
possibility that autologous transplant of stem cells in ALS pa-
tients is capable of restoring the uppermotor neurons lost in this
disease [1–2].

Although the role of neurotrophic factors in ALS is still un-
clear and clinical trials using different neurotrophic factors did
not show encouraging results, there are a number of lines of
evidence that loss of specific neurotrophic factors during devel-
opment results in loss of motor neurons. Studies in animal mod-
els of programmed cell death during development, deficient for
specific neurotrophic factors, in fact show that motor neurons
respond to neurotrophic factors, such as vascular endothelial
growth factor, brain-derived neurotrophic factor, glial-derived
neurotrophic factor, and NT-3 [48–52]. Unfortunately, at this
moment we do not have direct evidence that these cells are
capable of secreting neurotrophic factors to improve survival of
the existing motor neuron cells in ALS patients or in those cells
newly transplanted. However, there is some undirected evi-
dence that the patients enrolled in the transplantation clinical
protocol show increases in their pyramidal tracts 6 months after
CD133� stem cell transplantation by means of quantification of
the anysotrophic fraction and tractographies obtained by mag-
netic resonance imaging [37]. This could represent a sign of
maintenance and survival of the transplanted cells. Neverthe-
less, this issue should be addressedwithmore detail in the future
to unequivocally ascertain the permanence and viability of the
transplanted cells into ALS patients.

Figure 4. Reverse transcription-polymerase chain reaction (RT-PCR)
forOlig2 expression in induced CD133� stem cells fromamyotrophic
lateral sclerosis patients. (A): Graphic representation of the band
intensity from electrophoresis of RT-PCR products for Olig2 after
12–48 hours of incubation with neuroinduction medium (NIM). (B):
Agarose gel imaging of gene expression after 2–48 hours of cell
incubation in control medium and NIM. Positive expression was de-
tected after 12 hours and was increased after 48 hours. (C): Graphic
representation of the band intensity after electrophoresis of RT-PCR
products forOlig2 expression in CD133� stem cells from 13 patients
after 48 hours of incubation in NIM. (D): Agarose gel imaging of gene
expression after 48 hours of cell incubation in NIM in cells from 11
patients. Abbreviations: C1, control medium 1; C2, control medium
2; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; M, molec-
ular weight markers; P, patient.

Figure 5. Reverse transcription-polymerase chain reaction for Is-
let-1,Nkx6.1, andHb9 expression in induced CD133� stem cells from
an amyotrophic lateral sclerosis patient. Shown is agarose gel imag-
ing of gene expression after 48 hours of cell incubation in control
medium and NIM. Abbreviations: C, control medium; NIM, neuroin-
duction medium.
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Bossolasco et al. reported a significant delayed response of
bone marrow mesenchymal stem cells from ALS patients to dif-
ferentiate into adipogenic and osteoblastic cell lineages in vitro
[38]. We report here that even though some time differences in
predifferentiation times can occur, they are not significant.
These results are in agreement with the study of Ferrero et al.,
who showed that mesenchymal stem cells from normal donors
and ALS patients do not show significant differences in their po-
tential for osteogenic, adipogenic, chondrogenic, or neurogenic
differentiation [52].

Although our results show a delayed Olig2 expression (48
hours after incubation in NIM) that correlates with patient age,
all CD133� stem cell samples were capable of expressing motor
neuron associated genes at some level, which suggests that they
may have the capacity to become mature motor neurons.
Healthy adult stem cells, when grown under specific culture con-
ditions, have shown the capacity to differentiate into various cell
lineages, including neurons. However, there is a report that cells
from elderly donors (over 45 years of age) have lost this capacity
[39]. This fact could not be corroborated in our study. Most of our
patients included inour studywere included in thatelderly category
and responded to culture conditions within 2–48 hours.

Despite the small number of patients included in this study,
our results show that CD133� stem cells from ALS patients are
capable of responding to external factors to start differentiation
at exposures as early as 2–48 hours. This capacity only suggests
the possibility of engraftment and differentiation in vitro. At this
time, we do not have enough evidence to explain the differences
in response among ALS patients. Although stem cells from ALS
patients show different kinetics of differentiation into the neu-
ronal lineage, we did not observe a significant association be-

tween disease status or patient characteristics and the cell dif-
ferentiation response.

CONCLUSION
In this study, we have presented evidence that CD133� stem
cells from the peripheral blood of ALS patients are capable of
predifferentiating into neuron-like cells after exposure to an ap-
propriate medium, as has been reported for other stem cell
sources.
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