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Effect of thyroid hormone on the myosin heavy chain isoforms
in slow and fast muscles of the rat
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The myosin heavy chain (MHC) was siudied by biochemical methods in the
slow-twitch (soleus) and two fast-twitch leg muscles of the triiodothyronine treated
{(hyperthyroid), thyreoidectomized (hypothyroid) and euthyroid (control) rats. The
changes in the contents of individual MHC isoforms (MHC-1, MHC-2A, MHC-2B and
MHC-2X) were evaluated in relation to the muscle mass and the total MHC content.
The MHC-1 content decreased in hyperthyreosis, while it increased in hypothyreosis
in the soleus and in the fast muscles. The MHC-2A content increased in hyperthyreosis
and it decreased in hypothyreosis in the soleus muscle. In the fast muscles
hyperthyreosis did not affect the MHC-2A content, whereas hypothyreosis caused an
increase in this MHC isoform content. The MHC-2X, present only in traces or unde-
tected in the control soleus muscle, was synthesised in considerable amount in
hyperthyreosis; in hypothyreosis the MHC-2X was not detected in the soleus. In the
fast muscles the content of MHC-2X was not affected by any changes in the thyroid
hormone level. The MHC-2B seemed to be not influenced by hyperthyreosis in the fast
muscles, whereas the hypothyreosis caused a decrease of its content. In the soleus
muscle the MHC-2B was not detected in any groups of rats.

The results suggest that the amount of each of the four MHC isoforms expressed in
the mature rat leg muscles is influenced by the thyroid hormone in a different way.
The MHC-2A and the MHC-2X are differently regulated in the soleus and in the fast

muscles; thyroid hormone seems to be necessary for expression of those isoforms in
the soleus muscle,
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02-093 Warszawa, Poland, tel.; (48 22) 659 B571; fax: (48 22) 822 5342.

Abbreviations: EDL, extensor digitorum longus muscle, GAST, gastrocnemius muscle; MHC, myosin
heavy chain; SOL, soleus muscle; TRE, thyroid response element.
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It is well known that the skeletal muscle 1s a
very plastic tissue. The velocity of shortening
and power produced during contraction can
be changed following alterations of muscle
function, innervation or other factors, among
which the thyroid hormone is known to he
very important. The thyroid hormone can ex-
ert some powerful influence over the pheno-
typic properties of the skeletal muscle. It
causes increased velocity and power of muscle
contraction [1]. However, the influence of thy-
roid hormone on the regulation mechanism(s)
of protein expression in the muscle tissue is
still poorly understood. Abnormal level of the
thyroid hormone causes pathological changes
in the muscle tissue; both the
hyperthyroidism and the hypothyroidism in-
duce muscle atrophy and can be manifested as
myopathy [2, 3].

Myosin is the major muscle-specific protein
responsible for muscle activity. It is composed
of six subunits: two heavy chains and four
light chains. The myosin heavy chain (MHC),
(the protein of about 200 kDa) has many
isoforms which are specific for different mus-
cle or fibre types [4, 5]. Maximum velocity and
power of muscle contraction are correlated
with the MHC type [6, 7]. In the leg muscle of
adult rats four isoforms of MHC were identi-
fied so far: the slow type, MHC-1 (f-cardiac),
and three fast types: MHC-2A, MHC-2B and
MHC-2X [5]. According to the general opin-
ion, the slow muscle is more sensitive to thy-
roid hormone than the fast one and the thy-
roid hormone down-regulates the MHC-1
isoform and up-regulates the “fast” isoforms
of MHCs [8-12]. However, the findings by
various authors vary and are controversial
[13-15]. Reasons for the controversies are un-
clear, as they are possibly following some dif-
ferent responses to thyroid hormone among
the types of muscles [13] and, perhaps, among
the animal species used in research. Differ-
ences among the results could be, as well, due
to co-migration of the isoform MHC-2X and
MHC-2A. However, the controversies may be
also due to the examination exclusively of the

relative changes in amount of the MHC
isoforms. In the present work not only the rel-
ative, but also the total net changes in the con-
tent of individual MHC isoforms were evalu-
ated.

In the present work the slow and the fast leg
musecles of the hyperthyroid, hypothyroid and
euthyroid rats of the same population were ex-
amined, Differences in the total net muscle
content of the individual MHC isoform
(MHC-1, MHC-2A, MHC-2B and MHC-2X), as
well as differences in the relative amount of
particular MHC isoform, in the muscle mass
and in the total MHC muscle content between
the hyperthyroid or hypothyroid and euthy-
roid rats were evaluated. The preliminary re-
sults have been published [16, 17].

MATERIALS AND METHODS

Experiments on rats. Female albino
Wistar rats (WAG inbred strain, bred in the
Nencki Institute of Experimental Biology in
Warsaw), about 3 months old were used. Ani-
mals were fed on the standard Altromin diet;
they were allowed access to food and water ad
libitum. Animals of the same population were
randomly assigned to one of the three groups:
hyperthyroid, hypothyroid and euthyroid con-
trols. Hyperthyreosis was induced by subcuta-
neous injections of the thyroid hormone —
3,3’ ,5-triiodothyronine (T3) (Sigma), at a dose
of 100 ug daily for 14 days. Hypothyreosis was
induced by surgical thyroidectomy (under
ether anaesthesia) followed by applying
propylthiouracyl (Propycil 50, Solvay Arzne-
imittel, Kali-Chemie Pharma, Hannover,
F.R.G.) in drinking water (0.04%) for 50 days.
The hyperthyroidism and hypothyreoidism
were induced as described by Dubaniewicz ef
al. [18], but our experiments took longer than
those.

The slow soleus (SOL) and two fast muscles,
extensor digitorum longus (EDL) and gastrocne-
mius (GAST) were examined. Muscles from
two or three animals were used in each experi-
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ment. Experiments on muscles taken from the
hyperthyroid, hypothyroid and euthyroid ani-
mals were performed in parallel and the re-
sults were compared. Some populations of
rats were examined at various times to elimi-
nate some possible seasonal or accidental fac-
tors.

Preparation of myofibrils. Animals were
killed by decapitation (under ether anaesthe-
sia) and the entire muscles were immediately
removed, their tendons were discarded and
the muscles were transferred to ice. Pooled
muscles from 2 or 3 animals were weighed,
washed with buffer and homogenised. Crude
myofibrils were separated gquantitatively, as
previously described [19]. Myofibrils from the
muscles of both the hyperthyroid and the hy-
pothyroid rats, as well as from the muscles of
euthyroid controls, were obtained under ex-
actly the same conditions, carefully monitor-
ing volume of solutions during the procedure.
Then they were studied in parallel and com-
pared within the same experiment. All proce-
dures were described in detail previously
[19-21]. The total content of protein in
myofibrils was estimated by the Lowry et al.
[22] method.

Analysis of MHC, The total MHC content
in the muscle was evaluated by estimating the
total MHC in crude myofibrils. Myofibrillar
proteins were separated by SDS/PAGE as de-
scribed previously in detail [21, 23, 24]. Gels
from the same electrophoresis run, stained
and destained together, were used for compar-
ison. The data from each experiment was de-
rived from analysis of at least 8 gels running
in at least 4 electrophoresis runs. For evalua-
tion of the absolute muscle MHC concentra-
tion, the content of the total MHC was re-
ferred to bovine serum albumin (BSA, Serva)
running in the same electrophoresis run.

Isoforms of MHC (1, 2A, 2B and 2X) were
separated from myofibrils by SDS/PAGE (8%
gel) with high glycerol concentration, accord-
ing to the method of Talmadge and Roy for
separation of the skeletal muscle myosin

heavy chains [25]. Examples of separation of
the MHC isoforms from the control SOL and
EDL muscles are presented in Fig. 1.
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Figure 1. SDS/PAGE of MHC-isoforms from the
control muscles.

Electrophoresia was performed as described in Mate-
rials and Methods. Myofibrilar protein was subjected to
gels: lines 1 and 2, 0.5 pg; lines 3 and 4, 1 ug. Lines 1
and 4, S0L; line 2, EDL; line 3, mixture of myofibrils
from SOL and EDL. Silver stained.

The relative amounts of MHC isoforms were
determined by comparing the degree of inten-
gity of staining with Coomassie Blue of the
electrophoretic bands, as previously de
scribed [26]. A linear response for the individ-
ual MHC bands was obtained when 0.5 ugto 9
ug of myofibrillar protein was analysed [26].
For comparison the data were taken exclu-
gively from the samples running in the same
electrophoresis run. The data of each experi-
ment were derived from 2 to 6 independent
electrophoresis runs, and from 4 to 9 mea-
surements. The data of individual experi-
ments, or the collected data of some experi-
ments on particular muscle, are presented.

Changes in the net content of the individual
MHCs in the experimental muscles were cal-
culated from the data concerning the
MHC-total content in the muscle, and relative
contribution of the MHC-isoforms, as previ-
ously described [21, 23]). The changes of the
particular MHC isoforms were related to the
muscle mass unit or to the entire muscle.

Statistical evaluation. The results were
evaluated statistically by the t-test for related
samples [27].
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RESULTS

Weight of animals, mass of musecles and the
MHC-total muscle content

The mass of the euthyroid rats was 168 +
(S.E.M.) 4 g. The mass of the hyperthyroid
rats was in the range of euthyroid controls of
the same population, 99 + 2%. The mass of the
hypothyroid rats decreased to 84 + 5% of that
of the euthyroid controls.

The mass of control muscles (euthyroid) was
74 +(S.EM.)2mg, 82 + 2mgand 973 + 40 mg
for the SOL, EDL and GAST, respectively. As
mentioned in Materials and Methods, pooled
muscles of 2 or 3 animals were weight in each
experiment. The results presented are the
means from some groups of pooled muscles.
The S.E.M. values show that differences
among the groups of animals examined were
not high. The mass of muscles of the experi-

mental animals (both the hyperthyroid and
hypothyroid), decreased by about 10-20% as
compared to the corresponding euthyroid con-
trols (Table 1).

The absolute content of the total MHC in the
control (intact) musclea was 37+ 2,37+ 1, 50
+ 2 mg/g for SOL, EDL and GAST, respec-
tively (when referred to the albumin stan-
dard).

The total content of the MHCs decreased in
the experimental muscles by about 20-30%,
with exception of the hyperthyroid EDL and
the hypothyroid SOL, in which it remained at
the range of control values (Table 1).

Pattern of the MHC isoforms

The MHC isoforms were separated by
SDS/PAGE according to Talmadge and Roy
[25] as described in Materials and Methods.
We obtained identical separation of MHCs

Table 1. Changes in the MHC pattern in the muscles of the hyperthyroid and hypothyroid rats.

Electrophoregrams of the MHC isoforms were performed and scanned as describe in the Materials and Methods.
The relative amounts of the individual MHC isoforms were estimated. The sum of all MHCs in the sample was taken
as 100 %. The results of some experiments (groups of pooled animals) were gathered and presented as means +
5.E.M. The 5.E.M. values show differences in proportion of individual MHC isoforms among groups of rats. Differ-
ences in proportion of MHC isoforms between experimental and control muscles were statistically evaluated within
individual experiments by the t-test for related samples. *P < 0.05 statistically significant; **P < 0.01 statistically sig-

nificant; ***P < (.001 statistically significant.

Muscle mass MHC-total

MHC isoforms (percentage of total MHC)

Muscle Experiment
% of control % of control 1 2A % 2B
Hyperthyroid rats
&b Control 83+0.7 1740.8 03 0
Hyperthyr. B242.6**  73£32%%% 50+]1.6%%* 29400%%* 19:].0*** 0
Control 0 9.6+1.1 2113 6942.3
EDL Hyperthyr, 95t1.7% 97440 0 82412% 19414 72419
Control 8.6+13 5.6+13 205104 68420
GAST Hyperthyr. S52i3.2%  BBE2Z7*™* g 53403 22428 68+4.2
Hypothyroid rats
Control 89+1.9 9.8+1.4 0.940.6 0
SOL Hypothyr, 00834% 98423 90+0.5 ***  0.840.5*** 0 0
Control 57412 83110  27+1.0 63+1.8
EDL Hypothyr. S9%1.2%  79E20%™ 99007  5Hi3%%* 32503 %%  504] 6 ***
Control 3.340.7 78813  27:0.8 62+1.4
GAST Hypothyr. SZ20°  BOR26%** i swe j0b1.1%* 27406 56+1.5 ¢
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from the rat SOL and GAST as the authors of
the method (Figs. 1, 2).

SOL muscle. The MHCs of the SOL muscle
from euthyroid animals contained about 83%
of the type 1 isoform and about 17% of the
type 2A. The MHC-2X was not detected at all,
or traces of it were present in the SOL of some
animals (Table 1). The differences among the
rat groups were not high.

In the SOL muscle of the hyperthyroid rats
some considerable changes in the MHC pat-
tern took place: proportion of the MHC-1 de-
creased, while that of the MHC-2A increased.
Additionally, the MHC-2X appeared, heaving
reached 14-21% of the MHCs present in the
muscle (some induction of the MHC-2X ex-
pression in the SOL by hyperthyroidism was
observed recently by other authors, as well
[14, 15]). All changes in the MHC isoform pro-
portion in the hyperthyroid muscles were
highly evident and significant (Figs. 2, 3, Ta-
ble 1).

In the SOL of the hypothyroid rats the MHC
pattern shifts in an opposite direction to that
of the hyperthyroid rats. Namely, the propor-

of any group of the hypothyroid rat studied
(Figs. 2, 3, Table 1 and results not shown).

The MHC-2B isoform was not detected in
any of the SOL muscles studied.

EDL musele. The MHCs of the control EDL
muscle contained about 9%, 21-27% and
63-69% of the isoform 2A, 2X and 2B, respec-
tively; in the muscles of individual animals
MHC-1 isoform was present (Table 1), as ob-
served also previously [21]. In the EDL mus-
cle of hyperthyroid rats the proportion of the
MHC-2A and MHC-2X decreased, while that of
the MHC-2B increased. In the EDL muscle of
the hypothyroid rats the pattern of MHCs
shifted in the opposite direction: the propor-
tion of the MHC-2A and MHC-2X increased,
and that of the MHC-2B decreased signifi-
cantly; the proportion of the MHC-1 (if at all
present in the EDL of the rat population stud-
ied) increased (Table 1, Fig. 2).

GAST muscle. The MHCs of the control
GAST muscle contained about 3-8%, 5-8%,
20-27% and 62-68% of the isoform type 1, 2A,
2X and 2B, respectively. The usually observed
(in this and in the previous papers [21, 26])

Ssuzgsee

1 2 3 4 5 & 7 &8 9 10 11 12 13 14 15 16 17 18

Figure 2. SDS/PAGE of MHC-isoforms from the hyperthyroid, hypothyroid and euthyroid muscles.

Electrophoresis was performed as described in Materials and Methods: 3 ug of myofibrilar protein was subjected to
gels. Line 1, mixture of SOL and EDL. Lines 2-7, SOL: line 2, cuthyroid; lines 3 and 4, hypothyroid; line 5,
euthyroid; lines 6 and 7, hyperthyroid. Lines 8-13, EDL: line 8, euthyroid; lines 9 and 10, hypothyroid; line 11,
euthyroid; lines 12 and 13, hyperthyroid. Lines 14-18, GAST: lines 14 and 15, hypothyroid; line 16, euthyroid; lines
17 and 18, hyperthyroid. Coomassie Blue stained.

tion of the MHC-1 increased, while that of the
MHC-2A decreased significantly; in some ex-
periments the MHC-2A was undetectable. The
MHC-2X was not detected in the SOL muscle

small percentage of the MHC-1 in the GAST
muscle corresponds to the well known pres-
ence of some type-1 fibres in this muscle. In
the GAST of hyperthyroid rats the proportion
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of the MHC isoforms was not changed signifi-
cantly in comparison with control animals. In
the GAST of hypothyroid animals the propor-
tion of the isoforms MHC-1 and MHC-2A in-
creased, while that of MHC-2B decreased sig-
nificantly; the proportion of the MHC-2X re-
mained unchanged (Figs. 2, 3, Table 1).

Musecle contents of the individual
MHC-isoforms

For evaluation of changes in the net content
of particular MHC isoforms from changes in
their proportion, the values presented in Ta-
ble 1 were recalculated in relation to the con-
tent of the MHC-total in the control muscle.
To simplify the calculation they were related
to 100 mg of the MHC-total in the control mus-
cle and, correspondingly, expressed in micro-
grams in Table 2. The content of a particular
MHC isoform in experimental muscle was cal-

258

muscles. Axes x — distance, axes y —
arbitral image density units.

culated from its relative content and from the
changes in MHC-total in this muscle. Changes
in the concentration of MHC isoforms in mus-
cle tissue were calculated taking into account
changes in the muscle mass. Each experiment
was calculated separately. The results pre-
sented in Table 2 and Fig. 4 are the means
+ S.E.M. from individual experiments.

MHC-1. Both the muscle content of the
MHC-1 and its tissue concentration decreased
in the SOL, EDL and GAST muscles of the
hyperthyroid rats, while they increased in the
muscles of the hypothyroid rats (Table 2,
Fig. 4).

MHC-2A. The concentration of the MHC-2A
increased in the hyperthyroid SOL muscle,
while decreased in the hypothyroid one. Con-
trary to that, in the fast muscles the content
and the concentration of the MHC-2A in-
creased in the hypothyroid muscles. In the
hyperthyroid muscles some decrease of the
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MHC2A content, but not its concentration
was observed (Table 2, Fig. 4).

MHC-2X. The MHC-2X muscle content, as
well as its tissue concentration, increased con-
siderably in the SOL of the hyperthyroid rats.
In the SOL of hypothyroid rats the MHC-2X
isoform was not detected (Table 2, Fig. 4).

In the fast muscles of both the hyperthyroid
and the hypothyroid rats, the content and the
concentration of the MHC-2X were like those
in the muscles of euthyroid rats (Table 2,
Fig. 4).

MHC-2B. In the fast muscles of the
hyperthyroid rats the MHC-2B content and its
concentration were like those in the euthyroid
animals. In the hypothyroid animals both the

Figure 4. Changes in concentration of the
MHC-isoforms in muscle tissue (expresses rels-
tively to the muscle mass).

Muscles of the hyperthyroid (a) and hypothyroid (b)
rats.

content and the concentration of the MHC-2B
were decreased (Table 2, Fig. 4).

Summing up, the obtained information sug-
gests the following effects of thyroid hormone
on the particular MHC isoforms in the rat leg
muscles:

1. In all studied muscle (SOL, EDL and
GAST) the relative contribution of each MHC
isoform to the total MHC changed inversely in
the hyperthyreosis to that in the
hypothyreosis.

2. Changes in the MHC-1 content, induced by
the hyperthyreosis or hypothyreosis, were
similar in the SOL and in the fast muscles,
whereas changes in the amount of the “fast”
isoforms were different in the SOL and in the
fast muscles.

3. Changes in the amount of particular MHC
isoforms, induced by hyperthyreosis, as well
as by hypothyreosis, were similar in both fast
muscles (EDL and GAST) of the same ani-
mals.

4. Each MHC isoform under study re
sponded differently to alterations in the thy-
roid hormone availability. The net amount of
particular MHC isoforms changed as follows.

a. The MHC-1 decreased following hyper-
thyreosis, while it increased following
hypothyreosis in all muscles studied.

b. The MHC-2A increased in hyperthyreosis
in the SOL; it was not changed in the fast mus-
cles. In hypothyreosis the MHC-2A decreased
in the SOL while increased in the fast mus-
cles.

¢. The MHC-2X content increased consider-
ably in the SOL muscle following the thyroid
hormone treatment; in the SOL of some rats
the expression of that isoform seemed to be
switched on de novo. In hypothyreosis the
MHC-2X was not detected in the SOL muscle.
Contrary to the SOL, in the EDL and GAST
muscles the amount of MHC-2X was not af-
fected by any changes in the thyroid hormone
level.

d. The MHC-2B seemed to remain unaffected
by the hyperthyreosis, whereas the hypo-
thyreosis caused its decrease in both fast mus-
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cles. Expression of the MHC-2B was not in-
duced in the SOL muscle either by thyroid
hormone excess or its deficiency.

DISCUSSION

In this paper we have estimated the relative
changes in the content of the individual MHC
isoforms (i.e. in their relative contribution) in-
duced in the rat leg muscles by the experimen-
tal hyperthyreosis and hypothyreosis (Table
1). Simultaneously, we also considered the
true net changes in the amount of individual
MHC isoforms in the entire muscle (total mus-
cle content) and changes in their tissue con-
centration (Table 2, Fig. 4). Comparison of the
results presented in Tables 1 and 2 and in Fig.
4 indicates that true net changes in the con-
tent of individual MHC isoforms are not the
same as the relative ones. By the other words,
the observed differences stress that the true
changes of particular MHC isoforms are not
identical as those showed by changes in their
proportion. The true wvalues of the MHC
isoform contents were calculated taking into
account loss of the muscle mass and alter-
ations in the total MHC content within the ex-
perimental muscles, in relation to the
euthyroid controls. This way of evaluation is
surely better in recognition of the response of
individual MHC isoforms to changed thyroid
hormone level than the evaluation of the rela-
tive MHC changes only. The results obtained
in this study show that each of the MHC
isoforms under study responded differently to
alterations in the thyroid hormone level, and
some of them changed differently in the SOL
and in the fast muscles.

It is a well known fact, that the tissue con-
tent of each protein results from the equilib-
rium between its synthesis and degradation.
The regulation of both of them in the muscle
tissue is still poorly understood. Synthesis of
proteins, specific for the skeletal muscle, is
controlled by some families of the mus-
cle-specific transcriptional factors [28-30].

The best known to date is the Myo-D family
(10, 29], whose members, Myo-D and
Myogenin, are expressed preferentially in the
mature fast and slow muscles, respectively
[31]. By means of factors of the Myo-D family
the transcription of the “fast” MHC isoforms
may be regulated [5], while the synthesis of
the MHC-1 is independent of those factors
[32]; it is perhaps regulated by the other group
of transcriptional factors — the MEF2 family
[28]). The regulatory mechanisms responsible
for the muscle-type-specific expression of the
MHC isoform genes have not been identified
yet. Doubtless, however, those processes are
substantially influenced by the thyroid hor-
mone. It can affect the level of muscle pro-
teins in many ways. In general, in the muscle
tissue the thyroid hormone accelerates both
the protein synthesis and degradation
[33-35]. The thyroid hormone can influence
several stages in the protein synthesis pro-
cess. At the transcriptional level it acts by the
T3 nuclear receptor, which reacts with the
specific DNA sequence (TRE) in the regula-
tory region of the gene promoter. In the fast
and slow muscles the distinct T3 receptors are
preferentially expressed [1). The T3 receptors
can act as monomers, or in association with
other nuclear proteins. Such complexity cre-
ates diversity in regulation of the gene tran-
scription by means of thyroid hormone, which
may have either a positive or a negative effect
upon the RNA transcription [36-38]. Up to
now, the TRE-sequence was identified within
the promoter of MHC-1 gene [39]; it was not
found in the MHC-2B gene, while as to the
MHC-2A and MHC-2X genes no information is
available so far [1, 10]. Some indirect regula-
tion of the MHC gene expression by the thy-
roid hormone is also possible. It may be via
Myo-D/Myogenin transcriptional factors
(whose genes contain the TRE-sequence) [10],
by some nongenomic actions [40], and also via
changes in motoneurons or end-plates. All of
them can be affected by either the
hyperthyroidism or the hypothyroidism [2,
41, 42). Thus, the influence by the thyroid hor-
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mone upon the level of muscle proteins is
surely complex.

The results of this paper show
down-regulation of the MHC-1 expression by
thyroid hormone excess and its up-regulation
in hypothyreosis. These results confirmed, in
general, the previous ones documenting the
induced expression of the MHC-1 in the SOL
muscle in hypothyroidism [8, 11, 14, 43]; the
developing muscle was the exception [44).
Comparing the true changes in the content of
MHC-1, we found similar effect of the
hyperthyreosis or hypothyreosis on the
MHC-1 isoform in the SOL and in the fast
muscles (Fig. 4). This suggests the same way
of action by the thyroid hormone on the
MHC-1 in the slow and in the fast muscles.
Such similarity, and also the inverse effects of
the hyperthyreosis and hypothyreosis (Table
2, Figs. 2-4), strongly point out the main in-
fluence of the thyroid hormone on the MHC-1
expression by direct transeriptional regula-
tion. It must be stressed here that muscle
denervation influences similarly the MHC-1
content as hyperthyreosis [21].

The MHC-2A content changed inversely in
the hyperthyroid and in the hypothyroid SOL.
On the other hand, in hypothyreosis it
changed inversely in the SOL and in the fast
muscles (Table 2, Fig. 4), similarly as it was
observed in the denervated muscles [21].
Thus, those results suggest that the thyroid
hormone up-regulates the MHC-2A in the
SOL, while in the fast muscles the situation is
quite different. The MHC-2A isoform is
up-regulated by the lack of the thyroid hor-
mone, whereas the excess of the hormone
seems to remain without influence on this
isoform. An influence of thyroid hormone on
the MHC-2A has been controversial up to now.
Our results, together with the results of other
researchers [11, 43], strongly suggest the exis-
tence of the direct transcriptional regulation
of the MHC-2A synthesis by the thyroid hor-
mone in the SOL muscle. The observed
type-dependent differences may be caused by
different T3 receptors, and additionally, per-

haps by some other, muscle fiber typede-
pendent factors.

The MHC-2X isoform responded quite differ-
ently to the T3 treatment in the SOL and in
the fast muscles (Table 2, Fig. 4). In the SOL
the MHC-2X was strongly upregulated in
hyperthyreosis, or even perhaps its expres-
sion was switched on de nove. Contrary to
that, in the fast muscles, the MHC-2X seems
to be insensitive to any changes in the thyroid
hormone level (Table 2, Fig. 4); the similar ob-
servation was made by Li and Larsson [14].
However, controversial results concerning
that question have been also published [15].
The response of the MHC-2X to the T3 treat-
ment, different in the slow and in the fast
muscle may depend on different T3 receptors,
or possibly on some indirect action by the thy-
roid hormone upon the MHC-2X synthesis. It
is possible, as well, that in the SOL muscle the
hyperthyrosis causes de-suppression of the
MHC-2X synthesis. Similar effect on the
MHC-2X to that induced by hyperthyreosis
was observed after muscle denervation [21].

Contrary to the other isoforms examined,
the net content of MHC-2B was practically un-
affected by the hyperthyreosis in any of the
muscles examined (Table 2, Fig. 4). In this
matter there are also controversies, our re-
sults are similar to those by Hudges et al. [31]
and Li & Larsson [14] but differ from the re-
sults by some others [13, 15]. Our results, ob-
tained by evaluation of the net content of the
MHC-2B, suggest that excess of the T3 does
not up-regulate the MHC-2B synthesis in the
rat leg muscle. It can be easy explained by lack
of the TRE sequence in the MHC-2B gene pro-

moter. However, the loss of the MHC-2B con- -

tent in the fast muscles of the hypothyroid
rats (Fig. 4) could point to some secondary ef-
fect(s) of thyroid hormone deficiency on the
synthesis of MHC-2B, or on the rate of its deg-
radation.

In conclusion, the presented results show
that each of the four MHC isoforms, ex-
pressed in the mature rat leg muscles, is influ-
enced by the thyroid hormone in a different
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way. The MHC-2A and MHC-2X isoforms are
differently regulated by the thyroid hormone
in the SOL than they are in the fast muscles. It
seems that thyroid hormone is necessary for

expression of the MHC-2A and MHC-2X in the
SOL muscle.

The authors wish to thank Mrs A. Matusiak
for skilful technical assistance.
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