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ABSTRACT

Background and Objectives(] The inferior pharyngeal constrictor muscle (IPC), which consists of the thyropharyngeus
(TP) and cricopharyngeus (CP) muscles, plays an important role during deglutition, but their function is different when
analysed by radiographic, manometric and electromyographic studies. MaterialsL] The purpose of this study is to quantify
the expression levels of MHC mRNA isoforms (2B, 2X, 2A, 2L, b-cardiac, neonatal and embryonic) in thyropharyngeus and
cricopharyngeus muscles of rats using the competitive PCR. Resultsl] The thyropharyngeus muscle was mainly consisted of
three fast-twitching MHC isoforms, mostly 2X isoform (85.2%). On the other hand, the cricopharyngeus muscle contained
two-third of fast-twitching isoforms (65.1%) and one-third of neonatal MHC (34.9%). Conclusions] The thyropharyngeus
muscle could be characterized as a fast-twitching muscle and the cricopharyngeus muscle is probably considered as a
sarcomeric regenerating muscle that is caused by frequent mechanical damage during deglutition. (Korean J Otolaryngol

2000543:300-5)
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bridization), 00 RNase OO OO0 (RNase protection
assay) 0000 00 0O OOOO O 000 OO O O
000 MHC mRNA 000 0000 OO0 OO0 O
0 00.000 000 0000 00000 (competitive
polymerase chain reaction, 00 OO0 PCR)O OO
0000 00 0O 00 00 000 O 00, attomol(107®
mol) 00000 OO0 O 000, MHC mRNA OO0
0000 00000 000 0000 0000 0o

0 OO0 DOO-PCRO 0000 0OOOO0O00O OO
00000 MHC mRNA OO0 00 DOOO0OO0OO OO0
0000 000000 MHC mRNA OOOD 00 000
00 000 000 0000 O 000 od.

oo o

oot go

oo oo

2000300 g OO0 OO Sprague—Dawleyld OO0
00000 OODO0OO. 000 Ketamine hydrochloride
(G0 mg/kg)D OOOO OO OOOOO0O OO oogod
00 0O0O0O0O oo0ooo. o oooob oo o oo o
00 OO 00 100 000 00 oo0oo oo ooo
ooo ooooo.co0 0ooo oo oo oog -vod
OO OO0 OO isopentaneld OO OOOO OOO
0000 -70000 OoOOogd.

PCROOOO OO
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o0 MHC 0D0O0O0O OO0O0O O00OODO 0O oo od
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00 O0O0d(antisense primer)d OO OO0 OO0 O
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3’000 0000 00000 000 00 00 oooo
00000(Table 1) 00 0DO0OOO0 00O B -
actinD 00O 0O OO0 O0O0O0O OOOO OO OO O O
0 000 00000 (Table 1).

PCR 0O 00O (PCR competiton)d OO

MHC mRNA 000 00 000 (competitor)d 100
oooooo 700 DOODOOO@A MHC, 2B MHC,
2X MHC, 2L MHC, a —cardiac MHC, B —cardiac MHC,
neonatal MHC, embryonic MHC)O 40080 bp OO0
000 O, PCRO OOOO OOO 2A MHC(Genebank
accession No. L13606) 00O 0O 400 bp DNA 00O
0000 0000029 000 000 000 0000
00 AGAAGGCCAAGAAAGCCATO OO DOO OO
00 DOO0O0. B—-actind OO OO0O0O 178 bp OOO
DNA 000 B —actinD OO0 O OO ODOOO O OO
0000 000 00 00000 goo0 pGEM-T
vecor(Promega, Madison, WI, USA)O O00OO0O ABI
373 A automated DNA sequencing system(ABINO O
000 OD0b00obD Dooobo. oooo pPCR OO O
00 O MHC mRNA OO0 PCR OO0 O0O(6130
683 bp)0 1190168 bpl OO0 OOOOO (Table 1).
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Table 1. Oligonucleotide sequences and the expected length of PCR products of MHC transcripts and competitor

Primers

Oligonucleotide sequences

Expected length of PCR products

MHC transcripts (competitor)

Sense primers
consensus
B -actin
Antisense primers

5AGAAGGCCAARAARGCCAT3
5GAGAAGAGCTATGAGCTGCCS3

B -actin 5CCAATCCACACAGAGTACTTIG3 295 bp (219 bp)
2A STTACAATAGGATTAAATAGAA3 644 bp (519 bp)
2B STTGATATACAGGACAGTGACAS 624 bp (458 bp)
2X STTTTTTATCTCCCAAAGTCG3 645 bp (478 bp)
2L 5CCCAGTCTCCCTCTGCTCT3 605 bp (437 bp)
neonatal S5AGTCAGCAGTGGGAGAAAAGS 658 bp (539 bp)
embryonic S5ATGTGGAAAGGGGTTACGT3 683 bp (558 bp)
B -cardiac S5TITCTGCCTGAAGGTGCTGT3 613 bp (498 bp)
gogd PCR PCR OOO OO

00 OO0 OoOO0O0O0 oDoOOoOoOoO0 TRIZOL O
O (Life Technologies, Gaithersburg, MD, USA)O 00O
OO0 O RNA(total RNA)O 00O0O0O0O, 0 RNAOS
g0 Superscript Preamplification System(Life Techn—
ologies, Gaithersburg, MD, USA)O 0000 O0O0OOO
cDNAD 0000O. 00 400 OO0O0O 80 plO cDNA
0 OO0 O MHC mRNA OOO0O OO0OOO OOOO
OO0 1ul0 OO0O0OOO, 000000 700 ooOoO
000 0000 0O PCRO DOOO 2% 0OOOO OO
0 000bo0obo oogb PCR OO0 O0OO DOOO
O 00 pGEM-T vector(Promega, Madison, WI, USA)
O OO0O0O ABI 373A automated DNA sequencing
system(AB)O 0000 OO0OOO0 DOOOO. cDNA
00 MHC mRNA OO0 OO0 0OOOO cDNA 1 pl
0 300 00000 OO0 000 1pl0 OO0 00O O
00 MHC mRNA OO0 OO OO0 PCRO OOOO
0. 000 0OODOD 000 1 fmol(10™ mol), 0.333
fmol, 0.111 fmol, 0.037 fmol, 0.0123 fmol, 0.00412
fmol, 0.00137 fmol, 0.000457 fmol, 0.000152 fmol,
0.000051 fmol(0.051 amol)d 0 0.

PCRO 94000 300, 55000 300, 72000 900
0 00000, 00 380 U0OO0OO. 000 OO cDNA
U 00 000 PCROOO OOOO cDNAD OO OO
00 000 PCROOO OO OO OOOO OO QOO
00 O0O0O0OO0O. 0O MHC mRNA OO0 OO ©OoOO
PCRO 300 OOOOO.
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PCR 00O O0O0O0OO O0O0O0OO(Ethidium bromide)
0 0000 2% 0000 000 00 0ooooo ooo
00. 00 00000300 dots/in)@ OO0 OO HP
deskscan O (Hewlett—Packard, Palo Alto, CA)00 Na-—
tional Institute of Health Image software(version 1.60)
0O 0000 00 OO0 OO0 Oooo pCROOO OO
0O 00 OO0 (Optical density)D 0O O0O0O. 000 O
0O 0000 OO OO0 OO(inear regression analysis)
0 0000 0 MHC OOO OO0 000 OO 00 0O
00 000 OO0 0000 OO0 Oooo oooooo
000 MHC 000 000 00O00O0O.0 00 Ooooo
000 0 00 000 0000 00 oOoO pCROOO
000 OO0 000 (Optical density)Dl 0O0O0 DOOO
30 00 00000, Table 00O MHC OO0 OO
0 000+ sSE 0O O000ogd.

U U

RT—-PCROO 2A MHC, 2B MHC, 2X MHC, neonatal
MHC OO 0OO0000 00000 O0Ooo ooooo
0, B —cardiac MHCO 00000000 OOOOO, em—
bryonic MHCO 2L MHCO 0000 DOOOO O0OO
(Fig. 1).

OO0 PCRO OO0 OOO MHC mRNA OOO O
0 000 ooOooooo 2X MHC, 2B MHC, 2A MHC
000 OO0 18.9+ 1.9 amoles, 1.7+ 0.2 amoles, 1.6+
0.3 amoles 00O, neonatal MHCO 0.01 amoles [0 O
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Fig. 1. MHC mRNA isoforms and B -actin
on a 2% agarose gel by competitive PCR
of cDNA from the thyropharyngeus mus-
cle and cricopharyngeus muscle. L is 100
bp ladder with the bright bands (arrow-
heads) representing 600 bp. Symbol (0O)
means a RT-PCR band of MHC mRNA
transcripts without competitor. For com-
petitive PCR, the initial concentration of
the competitor was 1 fmol (lane 1) and
3-fold serial dilutions, such as 333 amoles
(2). 111 amoles (3), 37 amoles (4), 12.3
amoles (5), 4.12 amoles (4), 1.37 amoles
(7). 0.46 amoles (8), 0.15 amoles (9). and
0.05 amoles (10) were used. Upper bands
of the PCR products are targets and
lower bands are competitors. Arrows po-
int fo approximate concentration at which
target and competitor are at the same
concentration. The thyropharyngeus mu-
scle expressed predominant 2X MHC with
lesser percentage of 2A MHC and 2B
MHC. The cricopharyngeus muscle expr-
essed predominant neonatal MHC. Ap-
proximately equal percentage of 2X MHC,
2A MHC, and 2B MHC were expressed.
Neo O neonatal MHC, Emb 0O embryonic
MHC, B -car B -cardiac MHC.

Table 2. Myosin heavy chain (MHC) mRNA composition of
Thyropharyngeus and Cricopharyngeus muscle in rats

MHC Composition, %

isoforms Thyropharyngeus Cricopharyngeus
muscle muscle
2A 7.0+ 1.5% 27.9+ 6.8%
( 1.6+ 0.3) (2.4 0.6)
28 7.5+ 0.9% 19.8+ 1.4%
( 1.7+ 0.2) (1.7 0.1)
2X 85.1+ 8.6% 17.4+ 2.5%
(18.9+ 1.9) (1.5 0.2)
2L ND ND
Neonatal <0.1% 34.9+ 4.2%
(<0.01) (3.0 0.4)
Embryonic ND ND
B -cardiac ND <0.1% (<0.01)
B -actin (5.4+ 0.6) (3.1£ 0.5)

Values are meant SE. Three competitive PCRs were perfor-
med on cDNA of each muscle and gels were scanned once
and the peaks were selected 3 times. Abbreviationsd ND,
not detected

O00. 000 o000 2X MHCO 85.1%+ 8600 O
O 0O0d, 2B MHCO 7.6%+ 0.9, 2A MHCO 7.2%z*
15 0000 neonatal MHCO 0.1% O0OO0O0O. 2L
MHC, B —cardiac MHC, embryonic MHC OO OO0OO
O00. 000000 neonatal MHC, 2A MHC, 2B MHC,
2X MHC 000 000000, 0 000 3.0+ 0.1 amo—
les, 2.4+ 0.6 amoles, 1.7+ 0.2 amoles, 1.5+ 0.1 amoles

goo, B —cardiac MHCO 0.01 amoles OO0O0OO. O
00 0000 neonatal MHCO 34.9%+ 420 00O OO
00, 2A MHC, 2B MHC, 2X MHCO 27.9%t 6.8,
19.8%+t 1.4, 17.4%+ 25000, B —cardiac MHCO 0.1%
0000 0Oooo ooO. ooooooo 20 MHCO
embryonic MHCO OOO0O O0O0O (Table 2, Fig. 1).

B —actinD OO0 OOOOO, 000 OO OOOO O
0000 00 0DOo0O0O 3.1+ 0.1 amol, 5.4+ 0.3 amold
ooooo.

U 0

0 0000 000 O0og pPCROO MHCO OO OO
00 0ob bOooD O0OOd mRNA DOOO OO OO0
00 RNase 0000 (RNase protection assay)0 0 0O
gudb oobodo oobo oo boo oo oo
00.0 0000 00 00 000 o.01amoldd OO
0000 OO0 cDNA OO0O0O0O0O 00 0000 ooo
mRNA 00000 OO 000 OO0 O 0O0. Ferr O
(1994)*0 000 00 0000 10°010° OO (target
molecules), RNase 000 O (RNase protection assay)
0 5x 10°010° 00 (target molecules)d OO0 O O
0od PCROO 0OOO 100100 OOOO OODOOOO
gob oo obo obodb bob 0 oo bood.
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0 0000 000 000 0D00000 00 0000
000gd 2A, 2B, 2X0 000 OO 100%00, 0000
00 651%000. 00 000000 000000
ATPase 00 0000 000000 020 0OOOO O
0 0D0O0O0 000000 010 0000 OO0 0000
00 D00000 00 0000 0000 000000
00 D0O0OD 000 0000 000 0000 oo,
0 0000 000000 020 000000 2X MHC
0 0000 85.1%0 0000 000000 000 OO0
00 000 OO0 D000 0000 0O 0O 0O0.0000
0 2X MHCO OOO 00 0000 000 (vocalis mu—
scles), 000 (diaphragmatic muscles), 00 0 (masseter
muscles) OO0 O O 000, 000 OO MHCOOO
2X MHCO 00 80.6%, 63.9%, 43.5%0 00000 O
O0O0 0029 000 000000 0000 00 00
000 00 0000 0000 0000 0ooog, 00
000 00 0000 0000 0O 0 00.000 00
0000 010 0000 0000 B —cardiac MHCO
000 0D000O0O000 0000 000, 000000
00 01 % 000 00 0O0O0. 00 D000O00 OO0
000 000 00 000 0000 00000 0000
00 00 0000, 0000, 00, 000 00 00 O
O 000 (upper esophageal sphincter)D OO0 OO
0000 0000 00 00O oood.

Brookel Kaiser’0] OO 0OUOO0OOD 0OOO O2CO
0 0000 000000 00 000 0oo0od, 000
0 OO0 OO 00 00 00000 000.000 O
2C0O0 0000 00000 000000 1.3%, 000
000 36%0 000000 0 OO0 0DO00O0OO0 O
000000 neonatal MHCO 000 34.9%0 00 O
0O0.0000 0000 MHCO neonatal MHCO OO0
000 0D000OO0 O 0000 0000 000 000
000, O000 000 00000 O DO0O0O0O0 1%
00000 000000 000 OO0 00 000 000
000 0000 DODOOO0 000 000 oooo.o
000 neonatal MHCO 0000 000 OO0 OO0
000 OO0O0 OO0 0O 0000 000 OO0 0000
0 OO 000 0000 00 0000 0000 00
(branchial clef)00 O0O00O OO0 O0O0O0O OOO
0 00,00 000 neonatal MHCO OO0 000 O
OO OO0 OO0 OOOO OOoOd((isotyping swit—
ching)D 00000 OO0 O 00 00 OO0 000 O
0 00 000 OO0 00O0(n vitro) 0000 000 O
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0 00000 0000 000 000 0000. 00 O
00000 0000 000 0000000 0oo0o0
00 DOO0ODO00(emdomysial connective tissue)l
000O00,” 000 000 00 000 00 0000
00 000 O 000, 000 000 neonatal MHCO
0000 00000 000 O 00.

U U

000 000000 ooooooo Oooo PCRO O
oo MHC mRNAD 000 00O 0OO0OO OO, 00
goog 2X MHCO 00 0000 ooboo oogo
goo 0oboo oob ob goodg ogoob 0o oo
O,000000 00 oooo booo MHCO OO0
65%0 0000 000 00 0000 ooo ooo o
000, neonatal MHCO OO OOO0O00O0O OO0 OO
Ut ood oo ood oooo.

o0oo0oO0oooo pCR- OO O0OO- OO OOO- OO.
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