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Regu\aimn af ucetylcholing receptor (AChR) gene exprossion was analyzad in :r-bungnmmxm x- B‘TK) Iredied ruts, A mluc!hm in lwmhhle Wi L,

BTX binding sites wus accompanjed by an inerease in the various AChR transcripis. The inewsase in the AChR #- - & und disubunit mENAs

was similar (o that observed {n rats with expertmentul awsoimmune myusthenia gravis (EAMG) Unlike in EAMG. the msubunit angeripts re

apperced following o BTX treatment. The quanuitative differences in the levels of AChR transeripts between «-ATX treaiment and EAMG on

ong hand und denervation on the other hand, support the netios thut the reguintion of AChR gene expression is controlled by musele activity

and by neurnm! factors as we:ll We lgo demansirute n this ceport that myngenin !ranM\pls inereuse fottawing - BTX treaement ug well as follow-
: ing denervation, whereas MyoD! irunscripts remain stable,

a-Bungaratonin: Acetylcholine receplor trunseript; Expé:rimemhl uumimmu‘nc myuasthania gravis; Denervittion; Myagenin: MyoDI

1. INTRODUCTION

The nicotinic acetylcholine receptor (AChR) of the
vertebrate nzsuremuscular junction (NMUIY is a major
component of the end.plate post-synaptic membzrane. [t
contains the acetylcholiue (ACh) binding sites, the ion
channel and all the structural elemenis required for
regulation of its opening by ACh [1-4]. It is composed
of four homologous transmembrane subunits with a
stoichiometry of o288 during early embrvonic stages
or after denervation, In the adult form of the receptor
an e-subunit substitutes the y-subunit. Denervation
results in alarge increase of newly synthesized AChRs,
incorporated mostly into the extrajunctional plasma
membrane, which have biophysical and biochemical
properties distinct ffom those of junctional AChRs [5].
Northern blot hybridization experiments have shown
that the expression of the ¥~ and ¢-subunits correlates
with the presence of the extrajunctional and junctional
forms of the receptor réspectively, suggesting that the

exchange of a single subunit can account for the dif- -

ferent propeities observed afier denervanon of during
development {3,6].
Recently, anew family of protems involved it regula-
tion of myogenic lineage and containing the helix-loop-
~helix motif has been isolated, among which are MyoD1
and .myogenin {7,8].- MyoDl1 is expressed in both
myoblasts and myofibers {7}, while myogenin is absent
in myoblasts and is expressed during différentation into
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‘myofibers {8). Two MyoD! and myogenin binding

sites, in muscle-specific enhancers of the ¢hicken AChR
e-subunit gene, were found to be functional for activity
of the a-subunit in transfected myotubes [9], implying
that myogenic factors may- regulate thc AChR a-
subunit promotor.

‘AChR is the major autoantigen in myasthenia gravis

AMG) and in its animal model experimental autoim-
mune myasthenia gravis (EAMG) [10]. The immune at-

tack at the NMJ leads to a decreased AChR content {n
the post-synaptic membrane and impairs signal trans-
duction from nerve to muscle. Similarly, administration
of sublethal doses of a-bungarotoxin (@-BTX) inlo

‘animals causes a block of the AChR, leading to muscle

weakness and an electrophysiological picture which
resemble those of EAMG [13]. In contrast to denerva-
tion, in both myasthenia and «-BTX treatment the
nerve remains’in contact with the muscle.

We have previously demonstrated that the reduction
in AChR content observed in EAMG is accompanied by
an increase in AChR transcripts coding for the adult
type of the receptor (wz8es) [11,12]. In'this report, we
have analyzed the effects of a-BTX treatment on' AChR
§2¢ene expression using Northern blot hybridization with

P-labelled DNA probes for the different AChR
subunits. In addition we have studied the regulation of
MyoD1 and myogenin gene expression during a-BTX
treatment and following denervanon

2. MATERIALS AND METHODS

2.1. Animal models
Ten-week-old . female Lewis rats were mtrapc.moneally mJectcd
with aBTX (27 pg/kg body weight/day) in phosphate-buffered saline
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(FBS) far 5 convecutive days, while conteal grimals were injeeind with
PHS slene, Aninials were sacrillved frism day T le disy 15 afier the
find infection, Thelr hindlimb mureles were Immedialely removed,
Tragen in lgwid nitrogen asd stored at =707C wnill wse. Allquans af
L Ele meseles were wad 10 mensure residusl e BTX binding sites or ta
ivalate RN EAMCE was Induced 1o rate by injeeting them monihby
with 40 g of purificd Torpeds califormics ACHR In cemplotw
Freunds adjuvant (CFAY unill myasifierde symptoms were obyerved
{11): For denervatlan, animals were anesthetized and | oy of the
sedade nerve was syrgleatly removed, and after two weeki, they were

sacrifced and museles were removed and stored o for s« BT X treated

FALS,

2 .-M:I:R sxtraction i

$usele ACKhR preparsions fram lht.' Iundl{mb BF raly were per-
Farmed exientially av described previowily [14]. In brief, musele alh
quots were hemogenized at 47 In PHS cenmtrifuged ut 20,000 % & and

. thy peligs exrraeied with 1% Trivan, X-100 in PBS. The supernatamt -

obaaingd fellowing centrifugmion for 60 min at 100,000 @ g was used,
The resfcust misdbranat ACHR egntent was determined by mfa;uring
the bluding uf T I3T X ag previously deseribed (F5],

X5 Northern blat annlysis

Total muscle RNA was estracted a1 previausly deseribed [11).
Following 1% agarove formaldehyde el clectrophoresis, RNA was
‘teanslerred 1o GeneSereen Plus (NEM, Du Pont) filters [11). Northein
plots af total RNA were liybridized to ¢DNA probes specifie for the
ifferent AChR subunits: the e, B+ nd S5ubunil probes were EcoRl
fragments derived from the rcsmuive mouse. regombinant DNA

o gKindly provided by Ur. 8. Heinemann), the e-subunit probe was an

© EcoR) fragnent and the y-subunit probe was's Xbael/Soll fragment,
bath derived from rat recombinant DMNA (kindly provided by Dr. V.
Witzemann), The a-actingpecific probe (kindly provided by Dr. U,
Mudely was o 600 bp rat <DNAL The MyoD | probe (kindly provided
by Dr. A3, Lassary was o van eDNA fragment and wis eleaved out
© of the vectar pEMCTIS with ZeoR1, The myogenin probe (kindly pros
vided by Dr, W.E, Wright) was arat ¢DNA fragment and was cleaved

out of the pESVMGN veetor with' EeeRE. Aatoradiograms of the

Narthern blots were seaniedl through a Moleculdr Dynamies 300A
Computing Densitometer using the ImageQuant Software (o get
volurne integration {total 0.D. in the area of the signal). Averages of
the results from 3 differcnt blots were calewlared.

3. RESULTS

In oui previous rcports [£1,12] we analyzed ACHhR
gene expression in EAMG in rabbits, rats, and mice and
found that an increase in AChR transcripts correlates
" exclusively with the expréssion of the disease and with
.& significant reduction in membranal AChR content.
The moderate increase of AChR gene expression
observed in EAMG corresponds mainly to an adult
junctional receptor (c2ffef). In order to further under-
stand the mechanism of AChR gene regulation, we have
analyzed ‘the effect of a specific blockade of ACh-
induced muscle activity on AChR gene expression,
using n system other than EAMG, For this purpose we
have chosen ‘to use «-BTX, which is a specific an-
tagonist of AChR [16], and its effect mimics in several

aspects those observed in EAMG. Rats were injected:

with a-BTX (27 pe/kg of body weight/day) for 5 con-
secutive days and clinical symptoms resembling EAMG
were observed: rats were weak, decreased their spon-
taneous movements in the cage and lost weight (up to
" 25-30%). The symptoms disappeared in a. few days
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nt’wr thc end of the tremmem and on day Y or 10 ex-
perimental and control rats were indistinguishable in
their behavior or body weight, The clinical picture was
ucmmpﬂmed by a progressive decrease of residual
detectable '#*[-a-BTX binding to muscle extracts (Fig.
1). From day 6 on detectable «-BTX binding increased

“gradually, and reached about 60% of its level before

treatment (duy 0) from day 10 1o day 15 (Fig. 1),
Narthern blot analysis. of tatal RNA preparations
(Fig. 2) showed maximal levels of the specific mRNAs
coding for the a-, 8-, ¢ and &-subunits on day 3,
renching 7.5-, 5-, 4.5- and 6.5-{old increases respective-
Iy, The y-subunit mRNA was kot detectable in cantrol
animals, while it could be detected between day 4 and
day 9intreated vars, wirth a peak on day 6. Pretreatment
levels of all AChR subunit transeripts were reached
again between days 8 and 10, No significant variationin
a-actin mRMNA was recorded, reflecting the selective in-
erease in all ACHR mRNAs in a-BTX treated rats. Con-
trol rats, receiving PBS alone, did not show any ¢linical
Symptloms, nor any change in mRNA Icvels arin mem—‘n
brane AChR content. :
The increase of a-subunit mRNA, following a:-BTX :
treatment is comparable to the increase abserved in.
EAMG (5-7 fold) and is about ane order of magnitude
lower than the increase observed following denervation
(Fig. 3). The differences in the regulation of the - and

~the ~-subunit mRNA in EAGM, «-BTX treatment and

denervation, may imply that different mechanisms are
controlling AChR gene expression in these systems.
Since MyoD1 and myogenin were shown to affect
AChR gene expression during myogenesis in chick:
myotubes [9], we compared the changes of AChR «-
subunit mRNA levels with those of MyoDIl and
myogenin mRNAs following a«BTX treatment (Fig. 4).
For comparison we have also measured the levels of
these transeripts following denervation. In both a-BTX:
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Fig. ‘1. Residual ".-BTX bmdmg sites in ral muscle exiracts

following o-BTX treatment. The arrows indicate the days of injection” -
of o-BTX.
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Fig. 2. Northern blot analysls of AChR mRNAs followmg u-BTX
treatment. Total RNA samples (30 ug/lane) were hybridized with
cDNA probes specific for: (A) a-subunit, (B) g-subunit, (C) ¥-
subunit, (I3} e-subunit, {E) é-subunit and (F) a-actin. The relative con-
tent of the respective subunits mRNAs was plotted assigning the ar-
bitrary value of 1 for conirol non-treated rats (day 0). The left inserts
sliow the autoradigrams of Northern blots, where (a) corresponds to
- control (day 0) and (b) to the peak for each of the subunits. The blots
were hybridized with the AChR ¢DNA probes and following strip-
ping, with the a-actin probe,

_treatment and in denervation MyoD1 mRNA levels re-
‘mained stable, while those of myogenin were
significantly clevated. Moreover, the changes in
myogenin as well asin a-subunit mRNAs after denerva-

tion are much higher than those observed following a- .

BTX treatment. The relative increase in the myogenin
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Fig. 3. Northern blor analysis with ol RNA (30 pgdflnne) of ral

f\C‘hR cesubunit mMRNA in @) control, (b) «-BTX 1rcau\wm ()
EAMG, (u} dengrvation.

transcripts in a-BTX treated rats preceded that of the a-

subunit mRNA. For instance, on days 3 and 4 the levels
of a-subunit mMRNA were rather law, whereas that of
myogenin was high and reached almost its maximal
level (Fig. 5). - '
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 Fig. 4. Levels of transcripts specific for AChR a-subunit, myogenin,

MyoDl and weactin following (A) denervation and (B) a-BTX treat-

ment; numbers indicale days after the first injection. Total muscle

RNA samples (30 pg/lane) were sibjected to Northern blot hybridiza-

tion analysis as described; the autotadmgrams represent one blot

which was stripped and hybridized each time with the dlfferem cDNA
. probes ‘
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ARBITRARY UNITS

DAYS
Fig. 5. Tevels of specific teanseripis for cosubunic (@), myagenin (1)
an<l MyaD1 ¢A) follawing e BTX vreatment, The relative values were
détermined by densliomeris seanniog, assigning an arblrary value af
: I Far ¢ontrol non-treated rats (eay O, .

4. DISCUSSION

a-BTX has been used widely as a specific antagonist
for the AChR with a high affinity and specificity, both
in vivoand in vitro [18], When injected in vivo, its bind-
ing to AChR causes muscular weakness and an elee-
trophysiological picture similar to those observed in
MG and EAMG (13]. In this report we have shown that
a blockade of cholinergic neuromuscular transmission
by «-BTX causes a moderate increase in all AChR
transeripts. The time-course for the increase in AChR
- mRNAs is similar for all subunits, except for a slight
_ variation observed with the y-subunit (Fig. 2).

[t has alreacdy been demonstrated that denervation of
adult rat muscle elicited an increase of the steady-state
level of the receptor subunit mRNAs [3,17-19]. The
newly synthesized receptor following denervation, is
mainly of the embryonic, extrajunctional type (a28+v8)

[5,6,21]. The y-subunit mRNA is not detected in nor-

mal innervated adult muscles, while upon denervation,
a large increase in its level is observed [5,19], On the
other hand,
mRNAs corresponds mainly to the adult, junctional

. form of the receptor (w:Be8) [11,12]. The levels of

AChR o-subunit mRNA in myasthenic rats and o-
BTX-treated rats show a similar increase, 5- to 7-fold,
which is about one order of magnitude lower than that
observed in denervated muscles (Fig. 3). However, it
should be noted that the y-subunit transeript reappears

following -BTX treatment; this is qualitatively similar -
to denervation and distinet from EAMG, Although -

muscle activity is impaired in both EAMG and o-BTX
treatment, the contact between nerve and muscle is not
affected as is the case in denervation. Thus, the
moderate increase in AChR transcripts following o-
BTX treatment and in BEAMG suggesis: that ACh-
induced muscle activity is sufficient for the regulation
of AChR gene expression. Nevertheless, the large in-
cTease in receptor transeripts observed following dener-

vation supports the notion that the regulation of AChR

gene expression is controlled not only through muscle
activity, but also by neuronal factors other than ACh.

FERS LE:TTERS
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AChR tmnscvipts were shown 1w be elevated only
beyond a threshold loss of available AChR bmdmg
sites. Later on, an inverse correlation hetween "**loa-
BTX binding sites and AChR transeripts is observed

(Fig. 2). Thus, the elevation in AChR subunits mRNA, -
. was observed between day 3 and day 9, when the mem-
- brane receptor was below 60% of its value belore treat-

ment. A similar effect was reported in EAMG, where
the rise in AChR tmnscnpts was triggered only beyand
a gertain threshold loss in receptor content [12].

In this study we have observed that e-BTX treatment
dnd denervation induced an elevation of myogenin:
transcripts, while MyoD] mRNA levels remained cons-

-tant, Myogenin is transienty expressed following a

stimulation to differentiate, whila: Myod1 is. conti-
nuously expressed in myoblasts as wall as in myofibers
(8]. [n addition myogenin is:-expressed in at least one
muscle cell line (Le) in which MyoD1 could not be:
detected, and in myotomes at least 2 days before
MyoD! [8]. MyoDl and myogenin belong 1o the same
DNA-binding protein superfamilly (the - helix-loop-
helix), both share a domain with a very high degree of
homology and may function in conjunction with one
another. Nevertheless, it is possible that some of the ef-
fects of myogenin might be independent from MyoD1.
It was proposed recently that MyoD1 and myogenin
may regu’latc cerrain muscle-specific genes such as mus-
cle creatine kinase [20] and AChR genes [9], Our data
indicate that there Is a good correlation between the
relative increase in myogenin mRNA and that of «-
subunit mRNA in denervation and following «-BTX
treatment (Fig. 4). In addition, the fact that the'increase
in myogenin mRNA precedes that of the AChR-o-
subunit (Fig. 5),-along with previous data [9], indicates .
that myogenin can be implicated in controlling AChR
e-subuinit gene expression. Since we did not observe a
change in MyoD1 transcripts in these systems we cannot
conclude whether MyoD1 participates with myogenin in
controtling e-subunit: gene expression.
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