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CONCLUSIONS
1- FOLATE DEFICIENT DIET INDUCES SEVERE HEARING IMPAIRMENT IN MICE.
2- COCHLEAE ARE A SPECIAL TYPE OF EXTRAHEPATIC TISSUE ACCORDING TO

THE EXPRESSION OF REMETHYLATING ENZYMES.
3- FOLATE DEFICIENCY INDUCED EXPRESSION CHANGES DIRECTED TOWARDS A

REDUCTION OF HOMOCYSTEINE PRODUCTION AND INCREASED ELIMINATION.
4- CHANGES IN PROTEIN LEVELS CONFIRMED THOSE IN mRNA.

Expression levels in cochleae of control mice were referred to the 18S housekeeping gene for normaliza-
tion and MAT1A data were used as reference for graphical purposes (FIG. 4). The results could be classified
into three groups: 1) including MAT2A, MAT2B, SAHH and ADK, which showed levels >20-fold larger than
those of MAT1A; 2) including BHMT and MTR that exhibited intermediate expression levels; and 3) inclu-
ding MAT1A, ADA, CBS and BHMT2 with low expression levels of similar magnitude. MAT genes exhibited
the expected pattern for extrahepatic tissues, the highest levels corresponding to the mRNAs of MAT II sub-
units. Surprisingly, MTR and BHMT showed similar expression levels, and low BHMT2 expression (~5-fold
vs BHMT).

FIGURE 4

In FD mice the mRNA levels of enzymes involved in
Hcy production (SAHH) and remethylation (BHMT and
MTR) exhibited reduced expression as compared to control
animals (FIG. 5). In contrast, mRNA levels of enzymes
involved in elimination of AdoHcy products showed no
change (CBS and ADK), or a tendency to increase. In addi-
tion, no significant alterations in mRNA levels for MAT
subunits were detected, neither for BHMT2. Therefore,
expression changes induced by folate deficiency are direc-
ted towards reduction of Hcy production and to favor its
elimination through plasma secretion or the trans-sulfura-
tion pathway.

FIGURE 5

Cochlear protein levels of enzymes involved in Hcy metabolism were analyzed using the tubulin signal as
control (FIG. 6). The ADA protein of 41 kDa was detected only in animals in the FD group. SAHH and
BHMT levels were reduced ~40% and 60 % in FD animals, respectively. In contrast, MTR protein levels did
not change with the diet whereas CBS isoenzyme levels showed a strong decrease (~80%) in the FD group.
Moreover, cochlear BHMT showed altered mobility as compared with liver, compatible with the presence of
a post-translational modification (right).

FIGURE 6
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INTRODUCTION
S-adenosylhomocysteine hydrolase (SAHH), betaine homocysteine methyltransferase (BHMT),
methionine synthase (MS) and cystathionine b-synthase (CBS) are the enzymes res-ponsible for
homocysteine (Hcy) metabolism. SAHH generates Hcy by hydrolisis of SAH, a product of
transmethylation reactions, whereas BHMT and MS remethylate Hcy to recover methionine
using betaine and methyltetrahydrofolate, respectively. Additionally, Hcy can be eliminated by
CBS in the first reaction of the trans-sulfuration pathway or secreted into the plasma leading to
hyperhomocysteinemia (HHcy). Hcy metabolism is regulated by nutritional factors, including
vitamins that are cofactors of several steps. Alterations in plasma Hcy (pHcy) levels were
detected in a variety of diseases, including deafness. Association between HHcy and hearing
loss was further suggested in several animal models and in human nutritional studies.

METHODS
Animals and diets: Seven week-old C75BL/6J female mice (Harlan Interfauna) were

randomly divided into two experimental groups (N=21 each) that were fed different types of
diets ad libitum for 8 weeks. Controls received a standard diet (NF) whereas the folate-deficient
group (FD) received a folate-depleted diet (folic acid £ 0.1-0.2 mg/kg, containing 1% succinyl-
sulfathiazole; Harlan Tecklad TD.95247). All experiments were carried out in full accordance
with the guidelines of the European Community (2003/65/CE) and the Spanish regulations (RD
1201/2005) for the use of laboratory animals.

Hearing assessment: Hearing was evaluated by
Auditory Brainstem Response (ABR) analysis to
broadband click (FIG. 1) and pure tone frequencies
were recorded at 8, 16, 20, 28 and 40 kHz at an inten-
Sity range from 90 to 20 dB SPL in 5-10 dB steps, as
previously reported.

Tissue and blood extraction: Mice were sacrifi-
ced and the cochleae were dissected out from the tem-
poral bone as described previously and immediately fro-
zen.

Determination of metabolite levels in serum
and plasma: Total pHcy and plasma vitamin B6 were
determined by HPLC coupled to fluorescence detection
using appropriate kits (Chromsystems Instruments &
Chemicals). Total serum folate was determined using a microbiological method.

Western blot: Whole cochlear protein was prepared as previously reported and 400 µg
per lane were loaded on SDS-PAGE 10% gels and transferred to nitrocellulose membranes
(Schleicher & Schuell) for incubation with the corresponding antibodies. Signals were debe-
loped using Western Lightning ECL (Perkin Elmer), blots subjected to densitometric scanning
using ImageJ and the values were normalized against the a-tubulin signal for comparison.

Real-time RT-PCR: Total cochlear RNA was isolated using RNeasy kit (Qiagen), and the
quality and quantity determined spectrophotometrically and by automated electrophoreto-gram
on a Bioanalyzer 2100 (Agilent Technologies). Reverse transcription and PCR were done as
previously described using 1.25 µg of total RNA as template and the High Capacity Archive kit
(Applied Biosystems). cDNAs (10 ng) were amplified in triplicate using gene specific pri-mers
and Power SYBR Green PCR Master Mix (Applied Biosystems).

RESULTS
A severe reduction in serum folate levels (~7 fold), together with an elevation of total

pHcy (~3 fold) was observed in the FD group as compared to the control group, whereas
plasma vitamin B6 levels did not change (FIG. 2).

Mice maintained on a normal diet showed nor-
mal (62%) to mild (38%) hearing thresholds.
In contrast, mice in the FD group showed mo-
derate (18%) to profound (66%)hearing loss.
The FD group showed an average increase of
45 dB SPL in the ABR thresholds with respect
to the control mice in response to click stimuli
(FIG. 3). Compared to the control group, FD
mice presented a threshold shift of 20 dB SPL
in response to the stimuli of low frequencies
(8 and 16 kHz), which increased up to 50 dB
SPL in responseto high frequencies (20, 28
and 40 kHz).
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