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DMT1 as a candidate for non-transferrin-bound
iron uptake in the peripheral nervous system
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Abstract

Iron, either in its chelated form or as holotransferrin (hTf), pre-
vents the dedifferentiation of Schwann cells (SC), cells respon-
sible for the myelination of the peripheral nervous system
(PNS). This dedifferentiation is promoted by serum depriva-
tion through cAMP release, PKA activation, and CREB phos-
phorylation. Since iron elicits its effect in a transferrin (Tf)-free
environment, in this work we postulate that non-transferrin-
bound iron (NTBI) uptake must be involved. Divalent metal
transporter 1(DMT1) has been widely described in literature as
a key player in iron metabolism, but never before in the PNS
context. The presence of DMT1 was demonstrated in nerve
homogenate, isolated adult-rat myelin, and cultured SC by
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1. Introduction

Iron is an essential component of many enzymes and pros-
thetic groups, such as heme and iron- sulfur clusters [1-3],
and it plays important roles in oxygen transport and storage,
electron transport, and energy metabolism; it is also involved
in antioxidant and beneficial prooxidant actions, as well as
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Western Blot (WB) analysis and confirmed through its colocal-
ization with S-1008 (SC marker) by immunocytochemical and
immunohistochemical analyses. Furthermore, the existence of
its mMRNA was verified in sciatic nerve homogenate by RT-PCR
and throughout SC maturational stages. Finally, we describe
DMT1’s subcellular location in the plasma membrane by con-
focal microscopy of SC and WB of different subcellular frac-
tions. These data allow us to suggest the participation of
DMT1 as part of a Tf independent iron uptake mechanism in
SC and lead us to postulate a crucial role for iron in SC matu-
ration and, as a consequence, in PNS myelination. © 2013
BioFactors, 39(4):476-484, 2013

nonbeneficial production of reactive oxygen species (ROS), and
its presence is considered essential to DNA synthesis [4-6].

Several groups have proven iron to be a crucial element in
the multifactorial initiation of myelination in the central nerv-
ous system (CNS), as it is required for the biosynthesis of key
components of myelin and energy production [7-9]. As oligo-
dendrocytes (olg) strongly rely on high energy supply, iron
deficiency can result in decreased olg survival and defective
myelination [10,11]. Neurodegenerative diseases such as Alz-
heimer’s disease (AD) [12]; Parkinson’s disease [13], Frie-
dreich’s ataxia [14], among others [15,16] have been associ-
ated with an iron metabolism imbalance. For instance, in AD,
iron accumulates more rapidly than ferritin in areas of neuro-
degeneration, and that accumulation occurs in the same brain
regions characterized by A deposition [17].

According to the World Health Organization, lack of iron is
the most common nutrient deficiency in the world [18,19]. Thus
the majority of neurological problems associated with iron defi-
ciency have been attributed to hypomyelination [20,21]. In rats,
a peak in brain iron uptake in vivo coincides with the period of
greatest myelination and a shortage of iron leads to myelination
deficiency [22,23]. Also during myelinogenesis, the rate of
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uptake of transferrin (Tf) in the brain is much lower than the
uptake of iron [24] strongly suggesting a NTBI uptake.

The literature reporting on the effects of iron on periph-
eral myelination, however, seems to be scarce and dated
[25-27]. Our group has previously demonstrated that cultured
Schwann cells (SC) incubated in serum-free medium become
dedifferentiated and acquire a phenotype similar to SC precur-
sors and non-myelin-forming SC. Holotransferrin (hTf) pre-
vents the dedifferentiation promoted by serum deprivation,
while apotransferrin (aTf) is unable to block this effect [28].
We have also shown that, upon treatment of SC with iron, ei-
ther as NTBI or as TBI, intracellular signals towards differen-
tiation become activated or stabilized through cAMP release,
PKA activation, and CREB phosphorylation [29].

This prodifferentiating effect suggests that either iron or hTf
are involved in the axonal signal that enables SC maturation and
survival. Since iron elicits its effect in a transferrin (Tf)-free envi-
ronment, we postulate that there must be NTBI uptake involved.

In addition to other proteins under study such as ZIP8 and
ZIP14 [301], the capacity of the divalent metal transporter 1
(DMT1) to transport iron and its ubiquitous expression makes
it a likely candidate for NTBI uptake in peripheral nerves. Gar-
rick et al. have pointed out that “DMT1 has four names, trans-
ports as many as eight metals, has at least four isoforms and
carries out its transport for multiple purposes” [31]. Two
major functions are described in literature: one is serving as
the apical iron transporter in the lumen of the gut, a function
for which the isoform 1A appears to be responsible and the
endosomal exit of iron into the cytosol as part of the Tf cycle;
in this case evidence hints at the 1B isoform [32,33]. Both
these functions (apical Fe** uptake by enterocytes and iron
trafficking into cells via the Tf cycle) plus NTBI uptake into
cells [34] are critical in iron homeostasis.

Considering previous results from our group which demon-
strate the importance of iron in SC maturation and its prodif-
ferentiating effect on SC in a Tf-free medium [29] we propose
that DMT1 is a candidate for NTBI uptake within the periph-
eral nervous system (PNS).

2. Materials and Methods

2.1. Materials

Polylysine, trypsin, collagenase, cytosine arabinoside, ethidium
bromide, sucrose, leupeptin, pepstatin A, Coomasie blue, bo-
vine serum albumin, penicillin, streptomycin, Hoechst 32258,
aTf, and hTf were purchased from Sigma Chem. Co (St. Louis,
MO, USA). BFGF was purchased from Peprotech (Mexico). TRI-
ZOL reagent was purchased from Invitrogen (Argentina), the
RNeasy kit was purchased from QIAGEN (France), oligo-dT
was purchased from Biodynamics (Argentina), M-MLV reverse
transcriptase and Taq DNA polymerase were purchased from
Promega. Dulbecco modified Eagle’s medium (DMEM) high
glucose with r-glutamine and DMEM Fq, were acquired from
GIBCO (Grand Island, NY, USA). Fetal calf serum (FCS) was
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purchased from Natocor (Cordoba, Argentina). PVDF mem-
branes and ECL Plus kit were provided by Amersham-Pharma-
cia Biotech (UK). Ammonium ferric citrate was from Fluka
Chemical (Germany). NRAMP2 (DMT1) and Na*/K*-ATPase f1
antibody was purchased from Santa Cruz Biotechnology Inc.
(Santa Cruz, CA, USA). Secondary antibodies for immunocyto-
chemistry, immunohistochemistry, and Western blot studies
were purchased from Jackson (West Grove, PA, USA). The flu-
orescent mounting media was from Dako North America Inc.
(Carpinteria, CA, USA). Cryoplast was purchased from Biopack
(Argentina). Schwann-cell-defined medium (SCDM) is made up
of DMEM F12 plus Tf 100 ug/mlL, progesterone 60 ng/mL, pu-
trescine 16 pg/mL, insulin 5 mg/L, selenium 160 ng/mL, T3
10.1 ng/mL, dexamethasone 38 ng/mL, glucose 7.9 mg/mL,
BSA 300 ug/mL, penicillin 20 U/mL, streptomicin 20 ug/mlL,
glutamine 2mM, HCO3;~ 1.2 g/L., which were all provided by
Sigma Chem. Co (St. Louis, MO, USA).

2.2. Animals

Wistar rat embryos at embryonic day 14-20 (E14, E16, E18,
and E20), newborn Wistar rat pups (2-5-days old), and adult
Wistar rats (70-90-days old) were used for the experiments.
All procedures with animals were performed in accordance
with the guidelines of the Committee of Bioethics of Facultad
de Farmacia y Bioquimica, Universidad de Buenos Aires.

2.3. Schwann Cell Cultures

2.3.1. Embryonic SC Culture.

Sciatic nerves from E14, E16, E18, and E20 rat embryos were
dissected and incubated in SCDM with trypsin (0.25%) and col-
lagenase (0.03%) for 30 Min at 37 °C. The cell suspension was
centrifuged and the pellet was resuspended in SCDM + 1%
FCS + BFGF 10 ng/mL. Cells were seeded at a density of 3 x
10° on polylysine-coated wells and were cultured for 3 H (E14-
E18) or 24 H (E20) for RT-PCR analysis.

2.3.2. Mature SC Culture.

Sciatic nerves from 2 to 5-days-old rat pups were dissected
and incubated in DMEM with trypsin (0.25%) and collagenase
(0.03%) for 45 Min at 37 °C. After this period of time, the sus-
pension was centrifuged and the medium was replaced by
DMEM+10% FCS. The suspension was mechanically disrupted
by passing it 10 times through a 21 g hypodermic needle and
another 10 times through a 25 g needle after the enzymatic
digestion. The suspension was centrifuged at 500g for 5 Min
and the supernatant discarded. The pellet was resuspended in
DMEM+10% FCS and the cells were seeded and kept for 24 H
on polylysine-coated coverslips placed in multiwells (50,000
cells per well) or directly in polylysine-coated multiwells at a
density of approximately 1.5 x 10° cells, for immunocytochem-
ical studies or Western blot analysis, respectively. As previ-
ously described, culture purity obtained by this method was
95% [28].
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2.4. Preparation of Subcellular Fractions

Adult Wistar rats (70-90 days) were killed by decapitation and
the sciatic nerves were quickly removed, minced with scissors,
and hand-homogenized with a Dounce Teflon homogenizer
using 5 volumes of ice-cold 0.25 M sucrose containing 1% apo-
protinin. These subcellular nerve fractions were obtained as
described by an adaptation of Malviya’s method [35-37]: the
nuclear, the mitochondrial, the microsomal, and the plasma
membrane (PM) fraction.

Centrifugation for 10 Min at 600g in a Sorvall SS 24 rotor
generated the pellet corresponding to the nuclear fraction. Af-
ter centrifugation of the supernatant for 42 Min at 20,000g,
again in a Sorvall SS 24 rotor, the pellet was retained as the
mitochondrial fraction. The PM fraction was pelleted for 20
Min at 15,000¢g in a L8-Beckman 50 Ti rotor. The microsomal
fraction was obtained after centrifuging the previous superna-
tant for 60 Min at 105,000¢ in a L8-Beckman 50 Ti rotor.

2.5. Isolation of Peripheral Nerve Myelin

Purified myelin was obtained from sciatic nerves of adult rats by
homogenizing the tissue in 2 mL of 0.32 M sucrose containing
1.1 uM leupeptin and 1.02 uM pepstatin A, in glass-Teflon ho-
mogenizer at 3000-5000 rpm. Subcellular fractionation was car-
ried out by a modification of the procedure of Iyer et al. [38,39].
The homogenate was layered on 4 mL of 0.85 M sucrose in 16
x 102 mm tubes and centrifuged for 45 Min at 85,0009 in a SW
28 Ti rotor. The band at the interface was removed and resus-
pended in four parts of cold water. After 20 Min in the cold, it
was centrifuged at 12,000¢9 for 20 Min. The pellet was then
resuspended in 0.32 M sucrose and recentrifuged as described,
in order to obtain a highly purified myelin fraction.

2.6. Preparation of Samples for Western Blot Analysis
Sciatic nerves from adult rats, as well as cultured SC and sub-
cellular fractions, were homogenized in lysis buffer [20 nM
Hepes (pH 7.9), 350 nM NacCl, 20% glycerol, 1% NP-40, 1 mM
MgCl2, 0.5 mM EDTA and 0.1 nM EGTA, 1 mM DTT, 0.1%
PMSF, and leupeptin 10 ug/ml], sonicated and centrifuged at
15,000 rpm at 4 °C for 15 Min. The supernatant was stored at
—80 °C and protein concentration was determined by the
Bradford method [40,41].

Proteins (40 pg/lane) were separated by SDS-PAGE on
12.5% gels and electroblotted onto PVDF membranes. Nonspe-
cific protein binding sites were blocked for 2 H at room tem-
perature with blocking buffer containing 5% nonfat dry milk in
PBS-Tween 20 0.1%. Rabbit anti-DMT1 (1:500) was the pri-
mary antibody used and peroxidase conjugated anti-rabbit IgG
(1:10,000) was the secondary antibody. Immunocomplexes
were visualized with the ECL Plus kit using a Storm 840
Phosphorimager (Molecular Dynamics) and analyzed using the
Image Quant program. PC12 cell culture was run as a positive
control in each experiment [42].
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2.7. Immunocytochemistry

Seeded cells were cultured for 24 H and fixed with a solution of
4% (v/v) paraformaldehyde in PBS, pH 7.4, for 15 Min, and per-
meabilized with 0.2% (v/v) Triton X-100 in PBS. Nonspecific anti-
gens were blocked with 5% (v/v) FCS in PBS for 2 H, followed by
incubation with primary antibody overnight at 4 °C. Dilutions
were as follows: mouse anti-S1008 (1:200), mouse anti-Na*/K"-
ATPase 1 (1:200), and rabbit anti-DMT1 (1:250). Cells were
washed three times with PBS, incubated with Cy3 (1:1,000) or
Cy2-conjugated secondary antibody(1:200) for 2 H, counterstained
with Hoechst 32258 (2 ug/mL in PBS), mounted with Dako Fluo-
rescent Mounting Medium, and examined using an Olympus
BX50 epifluorescence microscope provided with a Cool-snap digi-
tal camera and an Olympus FV1000 confocal microscope.

To study the colocalization between the different cell
markers, the overlap coefficient according to Manders (R) was
estimated using the Image Pro Plus software (version 5.1) and a
value higher than 0.6 was considered positive colocalization [43].

2.8. Preparation of Tissue Sections for
Immunohistochemistry

Adult Wistar rats were deeply anesthetized (ketamine 75 mg/ kg
i.p and xylazine 10 mg/ kg i.p.) and perfused through the heart
with 200 mL of warm (37 °C) PBS followed by 100 mL of fixative
(4% paraformaldehyde in 1 x PBS, pH 7.4) at 4 °C. The sciatic
nerves were removed and post-fixed in the same solution over-
night at 4 °C. The tissue was rinsed in 15% sucrose in PBS at 4
°C for at least 24 H and then rinsed in 30% sucrose in PBS and
stored at —80 °C until processed. Tissues were cut into 16 ym
sections with a cryostat (Leica) and the sections were mounted
onto gelatin-precoated glass slides and stored at —20 °C.

The slides were rinsed twice in PBS and twice in PBS-Tri-
ton X-100 0.1%. After blocking in 5% FCS overnight at 4 °C,
slides were incubated for 18-24 H in a humid chamber at 4 °C
with S100p (1:100) and DMT1 (1:200) antibodies, diluted in
PBS containing 1% FCS. Samples were rinsed three times in
PBS and incubated at room temperature for 2 H with Cy3
(1:100) or Cy2 (1:100) secondary antibodies plus Hoechst
32258 (2 pg/mlL in PBS) and later rinsed three times in PBS for
another 5 Min each time. Sections were coverslipped with
Dako Fluorescent Mounting Medium. Controls were done by
incubation without the primary antibodies. The images were
acquired both using an Olympus BX50 epifluorescence micro-
scope provided with a Cool-snap digital camera or an Olympus
FV1000 confocal microscope, and were analyzed as described
above in Immunocytochemistry.

2.9. RNA Preparation

Total RNA was extracted from adult rat sciatic nerves using
TRIZOL reagent and was purified according to the manufac-
turer’s instructions. Cultured newborn or embryonic SC
were lysed with lysis buffer RLT; afterwards total RNA was
isolated using the RNeasy kit following the manufacturer’s
instructions [44].

Non-Transferrin-Bound Iron Uptake in the PNS



PC12 M1 M2 SC1

5C2 Hg

75kDa —

50kDa —

Presence of DMT1 in samples isolated from rat sci-
atic nerves detected by Western blot analysis. PC12
(pheochromocytome cell line) as a positive control;
Hg: sciatic nerve homogenate from adult rats; M1
and M2: purified myelin isolated from adult rat sci-
atic nerves; SC1 and SC2: cultured SC isolated from
newborn rats. M1, M2, SC1, and SC2 each represent
two independent experiments. n = 4

F1G'1

2.10. RT-PCR

RNA content was assessed by absorbance at 260 nm and its
purity was determined by the ratio A260/ A280. Two ug of
RNA were incubated with 1 ug oligo-dT primers for 5 Min at
70 °C. The reverse transcription (RT) took place for an hour at
42 °C in 25 ulL of the following mixture: 1 x buffer, 5 mM
DTT, 10 mM dNTPs, and 200 units of M-MLV reverse tran-
scriptase. The reaction product was stored at —20 °C. PCR
amplification was performed in 50 uL of the following mixture:
1 x PCR buffer, 1.25 units of Taq DNA polymerase, 25 mM
MgCl,, 10 mM dNTPs, and 200 ng/ul. specific primers. The
mixture was prepared before adding 1 ul. ¢cDNA. Primer
sequences for DMT1 were as follows: forward: 5'- TTT TTG
GCT TTC TCA TCA CTA TCA TGG CCC-3' and reverse: 5'- ATT
GGC TTC TCG AAC TTC CTG CTT ATT GGC —3'. Aliquots were
taken after 40 PCR cycles product. The amplification products
were expected to give a 251 pb fragment and were run on 1-
1.5% agarose gels and visualized with ethidium bromide. The
conditions of amplification were 1 Min at 94 °C, followed by 40
cycles of denaturation (94 °C, 1 Min), annealing (64 °C, 1 Min),
and extension (72 °C, 1 Min), followed by a final extension at
72 °C for 10 Min. Reactions without template cDNA were run
as negative controls and cDNA, obtained by RT from PC12 cell
culture, was run as a positive control in each experiment [42].

3. Results

3.1. DMT1 Detection in the PNS

To demonstrate the presence of DMT1 in the PNS, we identi-
fied a 64-kDa band by Western blot analysis in tissue homoge-
nate, in purified myelin isolated from adult rat sciatic nerves,
and in cultured SC isolated from newborn rat sciatic nerves
(Fig. 1). The apparent molecular weight of this band corre-
sponds, in size, to the DMT1 band previously described in
PC12 cells [42], which are used as a positive control.

3.2. DMT1 Detection in Cultured SC

To confirm the presence of DMT1, immunocytochemical assays
were performed in cultured SC isolated from newborn rat sci-
atic nerves (Fig. 2). Panel A shows the presence of DMT1 while
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panel B confirms cells to belong to the SC lineage through pos-
itive testing for S1008 —a SC marker present all along SC
progeny. Panel C shows the immunostaining of cell nuclei by
Hoechst. The merged image shows a clear colocalization of
both markers (Fig. 2D), as confirmed by Mander’s coefficient R
= 0.849.

3.3. DMT1 Detection in Sciatic Nerve Sections

Finally, in order to assess the expression of DMT1 in vivo, im-
munohistochemical analyses were performed on adult rat sci-
atic nerves. Yet again, DMT1 is expressed in adult rat sciatic
nerves as shown in longitudinal and cross sections (Figs. 3 and
4). The longitudinal section shows protein expression along the
nerve fiber, where S100p is again used as a SC marker (Fig 3B);
a clear colocalization of S1008 and DMT1 (Fig. 3D) is confirmed
by Mander s coefficient R = 0.858. Figure 4 shows the presence
of DMT1 and S100p in a cross-section of rat sciatic nerve; the
merge image shows these markers to colocalize with a value of
R = 0.923 for Mander’ls coefficient (Fig. 4D). In order to distin-
guish immunofluorescence associated with SC and axons, Fig-
ure 5 shows how SC wrap the bundles of axons (positive for NF-
200) while not colocalizing with them. When comparing Fig. 4
with Fig. 5, it is clear that DMT1 is expressed in SC, although we
cannot rule out the possibility of its presence in axons.

3.4.Expression of DMT1 mRNA

On the basis of previous results, experiments were performed
to detect DMT1 mRNA by RT-PCR analysis in the SC develop-
mental lineage. Results show the presence of a 250 kb band
that corresponds to the expected amplification fragment.

DMTT1 detection in cultured SC. Immunofluorescence
study of the following markers: (A) DMT1, (B) S100p,
(C) HOECHST nuclear staining, and (D) Merged
(x60).n =4

F1G 2
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DMTT1 detection in longitudinal sections of control sciatic nerves. Immunofluorescence analyzed by confocal microscopy study:

F1G 3

DMT1 mRNA is detected in sciatic nerve from adult rats and
all along SC progeny-SC precursors (E14-15), immature SC
(E16, 18, and 20), and mature SC (P4) (Figs. 6 and 7).

3.5. Subcellular Localization of DMT1

To evaluate whether DMT1 is present in the PM of SC, we car-
ried out confocal microscopy studies in isolated cultured cells
using Na*/K"-ATPase as marker. Results illustrated in Fig. 8A
hint at the presence of DMT1 in the plasma membrane, as
shown by Na®/K*-ATPase immunoreactivity. This finding is
confirmed through the use of subcellular fractionation and the
detection of DMT1 in the PM fraction, which reinforces its role
as a transporter in NTBI uptake (Fig. 8B). Nevertheless, its
location in alternative subcellular fractions—such as the nu-
cleus—deserves future studies.

4. Discussion

One of the most striking features of mature SC is their plastic-
ity, which is essential in PNS remyelination. This property is
clearly seen in the dedifferentiation of both myelinating and
non-myelinating SC, which occurs after axotomy, mechanical
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(A) DMT1, (B) S1008, (C) HOECHST nuclear staining, (D) Merged (x60). n = 4

crush or in neuron-free SC cultures. Under these circumstan-
ces, SC acquire a phenotype that is in many ways similar to
that of immature SC during development [45,46].

We have previously demonstrated that iron, both as ferric
ammonium citrate (FAC) and hTf, prevents SC dedifferentia-
tion promoted by serum withdrawal through an increase in
cAMP and CREB phosphorylation levels; this was shown to be
an essential step in the expression of myelin proteins and a
key element in SC maturation [28,29]. The observations made
on cultured SC after iron treatment raised the question of how
iron elicits its prodifferentiating effect in the absence of Tf.

Inorganic iron exists in two different redox states. The first
one, ferric iron (Fe®"), is insoluble at physiological pH values,
so it must be bound to a carrier in order to be solubilized and
then transported through cellular compartments. The second
one, ferrous iron (Fe?"), is soluble at physiological pH levels
but is rapidly and spontaneously oxidized to ferric iron. There-
fore it must be continuously reduced or bound to a carrier,
which prevents the exposure of iron to oxygen, and the conse-
quent free radical production.

Most iron is transported in plasma bound to Tf. Tf delivers
iron to cells via a classical high-affinity low-capacity system,
which has been extensively characterized [47,48]. However,

Non-Transferrin-Bound Iron Uptake in the PNS



DMT1 detection in cross-sections of control sciatic nerves. Immunofluorescence analyzed by confocal microscopy study: (A)
F16 4 DMT1, (B) S1008, (C) HOECHST nuclear staining, and (D) Merged (x60). n = 3

SC and axon marker distribution in cross-sections of control sciatic nerves. Immunofluorescence analyzed by confocal micros-
F16'5 copy study: (A) NF-200, (B) S1008, (C) HOECHST nuclear staining, and (D) Merged (x60). n = 3



M Hgl Hg2 Hg3

250 pb —

mRNA expression of DMT1 in rat sciatic nerves. RT-
PCR analysis of DMTT mRNA in sciatic nerve homog-
enate (Hg). M =marker, Hg1, Hg2, Hg3 each repre-
sent three independent experiments. n = 4

FIG 6

the existence of NTBI uptake has been demonstrated in differ-
ent experimental circumstances, and data on hypotransferri-
nemic animals show that brain iron uptake may be constitu-
tive and independent of plasma Tf, Tf saturation, or regional
brain iron concentration [49-51]. Taken together, these results
have given impulse to the idea that specific alternative pro-
teins might facilitate and regulate NTBI uptake. DMT1 is
among these proteins.

Tf-free iron uptake into glial cells such as astrocytes
proves the existence of an alternative DMT1-mediated uptake
mechanism in the CNS [51-53], although no reports on this
protein’s expression have been available so far in the PNS.
Here we demonstrate the presence of DMT1 all along the sci-
atic nerve, as well as in cultured SC, and its localization in the
plasma membrane. It is worth pointing out, that DMT1 mRNA
is present all along SC lineage.

Reports have suggested that iron is involved in the regen-
erating mechanisms that follow sciatic nerve injury; for
instance, expression of TfR in motoneurons is increased after
axotomy and during regeneration [54]. Furthermore, although
no TBI uptake is found in the naive nerve, TfR immunoreactiv-
ity is observed 3 days post injury at the site of the trauma and
in the distal part of the crushed sciatic nerve, where most of
the immunostaining is localized in Biingner bands of dener-
vated SC [27]. Accordingly, we have demonstrated the pres-
ence of Tf mRNA in SC isolated from crushed sciatic nerves,
yet, no Tf mRNA is available in uninjured animals [44]. From
the evidence discussed so far, it seems clear that there is a
relationship between iron uptake and neural regeneration.

Our previous work has demonstrated the role of iron in SC
maturation [29], while other studies have proven that
decreased iron availability is strongly associated with hypo-
myelination caused by altered metabolic activity in olg [11]. On

E14
E16
E18
E20

+ <
= O O a

20 pbu

mRNA expression of DMTT1 in SC progeny. RT-PCR
analysis of DMTT mRNA in isolated SC of different
maturational stages: M = Marker, C+ = positive con-
trol, C— = negative control, E14, E16, E18, E20 = 14,
16, 18, 20-days-old rat embryos, respectively, and P4
= postnatal day 4.n = 3

F1G7
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Subcellular localization of DMT1. A: Immunocyto-
chemical analysis of DMT1 (red) and Na'/K"-ATPase
(green) through confocal microscopy. Immunostain-
ing of cell nuclei with Hoechst (blue) (x60 + x3),
arrows show DMT1 immunoreactivity. 1 and 2 show
higher magnification of representative areas, n = 3.
B: Western blot analysis of DMT1 in subcellular frac-
tions from rat sciatic nerve: nuclei (NU), mitochon-
drial fraction (MIT), microsomal (MIC) and plasma
membrane (PM) fraction.

F1G'8

the whole, this evidence shows that the importance of iron in
numerous processes regarding the production of myelin should
not be understated [23].

Summing up, our results showing iron prodifferentiating
effect may suggest its collaboration in SC plasticity, while cur-
rent results showing DMT1 expression in SC progeny lead us

Non-Transferrin-Bound Iron Uptake in the PNS



to postulate DMT1 involvement in ensuring the provision of
iron essential for myelination in the PNS.
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