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The rhabdoid cell, which is typically observed in
malignant rhabdoid tumor (MRT) and other malig-
nant neoplasms, has an eosinophilic cytoplasm
containing a spheroid perinuclear inclusion body.
This distinct cell is known to act as a highly aggres-
sive indicator in many types of malignant tumors
and is characterized by aggregates of intermediate
filaments, comprising both vimentin and cytokera-
tin (CK) 8, which is mainly expressed in simple-type
epithelium such as liver and intestine. To clarify the
cause of the inclusion body formation, we analyzed
the alteration of the complete human CK8 gene
(KRT 8: 1724 base pairs) in seven samples of MRT
(three from frozenmaterials and four from cultured
cell lines) by reverse-transcriptase polymerase
chain reaction, followed by direct sequencing. In
addition, the two cell lines, Huh7 and HeLa, which
lacked rhabdoid feature, six pediatric malignant tu-
mors, including three cases of primitive neuroecto-
dermal tumor (PNET) and three of Wilms’ tumor;
and 15 normal liver tissue (as a control) were also
analyzed. All MRT samples had missense mutations
in the human KRT 8 gene, i.e., Arg89 3 Cys (5/7);
Arg 3 Cys251 (3/7); Glu267 3 Lys (6/7); Ser290 3
Ile, Met; (7/7) and Arg3013His(4/7), none of which
was detected in any control samples. Among these
mutations, the most noteworthy findings were that
Arg89 belongs to the H1 subdomain of the head
domain and that Arg251 belongs to the short non-
helical linker segment, or L1–2. Both these muta-

tions are noted for their relationships to lateral pro-
tofilament–protofilament interactions. In addition,
Ser290 has been previously reported to be a phos-
phorylation site, which has been recognized to play
an important role in filament organization, leading
to conformational change of the CK8 filaments. In
conclusion, mutated codons of CK8 gene in MRT
were located in the important region involved in the
conformational change of intermediate filament.
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Malignant rhabdoid tumor (MRT) is extremely rare
but is known for its highly aggressive malignancy in
childhood and is characterized by the presence of a
“rhabdoid cell” (1). The rhabdoid cell is regarded as
an indicator of highly malignant potential in vari-
ous types of specific malignant neoplasms, either
mesenchymal or epithelial tumors, and numerous
reports have indicated a relationship between this
feature and poor prognosis (2–7). This distinct cell
has an eosinophilic cytoplasm containing a spher-
oid perinuclear inclusion body and is ultrastructur-
ally characterized by the presence of aggregates of
intermediate filaments of cytokeratin (CK) and vi-
mentin (8). We have previously reported the details
of CK expression in MRT, which were confined to
mainly two subtypes of CKs, CK8 and CK18, in an
analysis of a large panel of CK subtypes, and we
have also clarified the subcellular distribution of
CKs and vimentin in MRT cells (9, 10).
Intermediate filament forms a protein, 8 to 10 nm

in diameter, that is the major cytoskeletal and nu-
clear matrix constituent of nearly all vertebrate
cells, comprising a large family of cytoskeletal pro-
teins including CKs. There are more than 20 differ-
ent CK subtypes based on their sizes and isoelectric
points (11, 12); these can be further subdivided into
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two subfamilies: acidic keratins, Type I (i.e., CK9–
CK20) and neutral-basic keratins, Type II (i.e., CK1–
CK8). CK filaments are obligatory heteropolymers
that form heterotypic tetramer subunits containing
two chains of representatives of each subfamily
(i.e., CKs 8 and 18, CKs 5 and 14, and CKs 1 and 10).
They exhibit a dense intermingled network extend-
ing from the nuclear periphery to the plasma mem-
brane. Recently, by using molecular and cellular
biological techniques, several skin-blistering dis-
eases have been reported to be caused by CK gene
mutations (CKs 5 and 14 and CKs 1 and 10) (13–21).
Moreover, deleted or mutated CK filaments (CK8/
18) in Escherichia coli have been found to cause the
intracytoplasmic “inclusion body” (22). Although
these discoveries have aroused renewed interest in
the structural proteins of CKs, the function of CK8
has been rarely studied, and the precise mechanism
of inclusion body formation remains unclear.

In this study, we investigated the alteration of the
human CK8 (KRT 8) gene, which is one of the chief
components of the inclusion body in MRT, and we
attempted to ascertain the possible contribution of
the KRT 8 gene to the formation of inclusion bodies.

MATERIALS AND METHODS

Clinical Samples and Cell Lines
As for clinical samples, all three frozen tissues,

which had been previously diagnosed as MRT, were
studied in our previous paper (23). Moreover, all
cell lines have previously been described in pub-
lished reports. The surgical specimens and cell lines
of malignant rhabdoid tumors reported herein were
obtained from the following institutions: Kyushu
University, National Kyushu Medical Center, and
Oita Red Cross Hospital. Dr. Ota (Shiga University
of Medical Science) provided three MRT cell lines,
Tm 87–16, STM91–01, and TTC549.

In summary, Tm 87–16 was established from
pleural effusion of extrarenal MRT in a 21-month-
old boy (24). STM91–01 was established from a
pulmonary metastatic lesion of renal MRT in an
8-month-old boy (25). TTC549 was established
from hepatic MRT in a 6-month-old girl (26), and
we have recently established the cell line TC289,
derived from renal MRT in a 1-year-old boy (27). In
addition, as described elsewhere, six of the seven
cases (85%) in this study revealed abnormalities of
chromosome 22q11, which are well known as char-
acteristic chromosomal abnormalities in MRT (27).
The cell lines were cultured and maintained in
RPMI-1640 supplemented with 10% fetal bovine
serum in a humidified atmosphere of 5% CO2 and
95% air at 37°C. As other cell lines without any
rhabdoid features, two famous tumor cell lines
(HeLa and Huh7), which were known to express

CK8, were also analyzed using the same method.
Furthermore, for the purpose of excluding the base
changes caused by polymorphism, 15 fresh nontu-
morous specimens of the liver tissue and 6 pediatric
malignant tumors, including 3 cases of PNET
(primitive neuroectodermal tumor) and 3 of Wilms’
tumor, which expressed CK8 gene products, were
also analyzed as control materials without any rh-
abdoid cells. These specimens were fresh enough to
successfully analyze the sequence of the KRT 8 gene
by reverse-transcriptase polymerase chain reaction
(RT-PCR). All human samples were obtained under
an institutional review board–approved protocol
with subjects providing informed consent.

Electron Microscopic Study
The fresh samples were fixed in 3% glutaralde-

hyde solution (buffered pH, 7.4) and were postfixed
in 1% phosphate-buffered osmium tetroxidate. Af-
ter hydration, the tissue blocks were embedded in
Epon 812 resin (TAAB Laboratories, Berks, UK) and
cut on a Reichert ultramicrotome. Ultrathin sec-
tions were stained with uranyl acetate and lead
citrate and examined under a JEM 100 C electron
microscope (Jeol, Tokyo, Japan).

Immunohistochemical Study
We employed a previously reported method for

the preparation of sections from cultured cells to
cell blocks (28). Immunohistochemical studies were
performed as previously described using the anti-
bodies, comprising CK4 (ICN), CK6 (PROGEN), CK7
(DAKO), CK8 (DAKO), CK10 (ICN), CK13 (Boehr-
inger), CK16 (NOVO), CK17 (DAKO), CK18 (DAKO),
CK19 (DAKO), CK20 (DAKO), EAB903 (reacts with
CK1, CK5, CK10 and CK14; Enzo), and AE5 (reacts
with CK3, CK12, YLEM), by use of a streptavidin-
biotin-peroxidase kit (Nichirei, Tokyo, Japan), with
counterstaining by hematoxylin (9). The degree of
immunohistochemical expression was classified as
follows: diffusely positive (�50% of the cells were
positive), focally positive (10 to 50% of the cells
were positive), or negative (�10% of the cells were
positive). The immunoreactivity was judged inde-
pendently by the three pathologists (HS, SadT, and
YuO) who were unaware of the results of other
analyses. All the slides were independently re-
viewed twice, and those that were the subject of
intraobserver disagreements were reviewed a third
time, followed by a conclusive judgment.

Reverse Transcriptase–Polymerase
Chain Reaction

The sequences of the primers and PCR condi-
tions are summarized in Table 2. These six primer
pairs were designed to cover all sequences of the
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human KRT 8 mRNA gene (GenBank Accession No.
AAA35748: 483 residues, 1724 base pairs). Total
RNA was extracted from each of the snap-frozen
tumor tissue samples and cell lines using Trizol
reagent (GIBCO, BRL, Gaitherburg, MD), according
to the suggested procedures. Reverse transcription
was performed with 5 �g of total RNA in a total
volume of 20 �L according to the manufacturer’s
protocol. Single-stranded cDNA was amplified by
PCR, with 10 nmol each of forward and reverse
primers, by use of Ampli Taq Gold DNA polymerase
(Perkin-Elmer). Denaturation (94°C for 1 min) and
extension (72°C for 1 min) were performed accord-
ing to standard methods.

Sequencing and Identification of
Cytokeratin Mutations

We sequenced RT-PCR products after subcloning
by using the dye-terminator method. After purifica-
tion, direct sequencing was carried out by the
dideoxy chain termination methods using a Perkin
Elmer ABI Prism 310 sequence analyzer (Applied
Biosystems, Foster City, CA). Both sense and anti-
sense strands were sequenced for confirmation. In
addition, to exclude the effect of PCR artifacts, total
RNA was extracted from three different portions of
each material, then we confirmed that these se-
quences were reproducible. Moreover, if the base
substitutions were suggested, we confirmed that
these substitutions were surely observed by use of
two different primers.

RESULTS

Microscopic and Clinical Findings
Individual cells were poorly differentiated and

round or polygonal, with an elongated strap form.
Characteristically, many of the tumor cells had eo-
sinophilic glassy cytoplasm that contained large,
spherical, hyalinelike inclusion bodies (Fig. 1A).
These peculiar structures were located near the nu-
clei. The nuclei, which were only slightly irregular,
round to oval, and vesicular, usually had one, large
prominent nucleoli, with occasional mitosis. Four
MRT cell lines microscopically inherited the char-
acter of the primary rhabdoid tumors. The other
control cell lines and liver tissue did not show any
rhabdoid features. The clinical findings are summa-
rized in Table 1.

Ultrastructural Findings
The majority of the tumor cells were oval or po-

lygonal, with a minority of spindle-shaped cells.
Both clinical cases and cell line materials showed
similar findings with irregular nuclei that were of-
ten compressed and eccentrically located. The
striking cytoplasmic feature of the tumor cells was
the presence of bundles of cytoplasmic filaments,
often occupying paranuclear areas (Fig. 1B). The
filaments were approximately 10 nm in diameter
and represented intermediate filaments. These fil-
amentous inclusions varied in size and arrange-
ment from cell to cell.

TABLE 1. Clinicopathologic Data of Malignant Rhabdoid Tumor Cases in this Study

Cases and Cell Lines
Age

(mo)
Sex Primary Site

Outcome
(mo)

Immunoreactivity for CK

Diffusely Positive Focally Positive

1 12 F Left kidney Died (4) CK8, 18 —
2 12 M Left kidney Died (9) CK8, 18 —
3 6 F Right shoulder Alive (201) CK8, 18 CK10
TC289 12 M Left kidney Died (9) CK8, 18 —
TTC549 6 F Hepatic mass Died (3) CK8, 18 —
TM87-16 21 M Retroperitoneum Died (2) CK8, 18 CK10
STM91-01 8 M Left kidney Died (6) CK8, 18 CK13

CK, cytokeratin.

TABLE 2. Sequence of PCR Primer Pairs and Other Conditions Used to Amplify Complementary DNA

Primer Forward Primer Reverse Primer
Annealing

Temperature (°
C)

Amplified Codon Cycles

CK8RT1 5�-CCTCCACCATGTCCATCAG-3� 5�-CTTGAAGTCCTCCACCAGCC-3� 69 1–175 35
CK8RT2 5�-TGGGCAGCAGCAACTTTC-3� 5�-AGGCGAGACTCCAGCTCTAC-3� 61 40–213 40
CK8RT3 5�-AGCGTACAGAGATGGAGAACG-3� 5�-CAGCAATGATGCTCTCATG-3� 61 184–261 40
CK8RT4 5�-AAGGTAGAGCTGGAGTCTCGC-3� 5�-GTTGGCATCCTTAATGGCC-3� 69 206–349 35
CK8RT5 5�-GCTGAGGCTGAGAGCATGTAC-3� 5�-CATAGGCCGAGCTCAAACC-3� 67 275–407 35
CK8RT6 5�-ACCAGGAGCTGATGAACGTC-3� 5�-AGCTGTTCACTTGGGCAGG-3� 69 373–483 35

All primers are indicated in the 5�, 3� direction.
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Immunohistochemical Findings
The immunohistochemical results are summa-

rized in Table 1. All of the seven MRT samples in
this study showed a diffusely positive immunoreac-
tivity in the inclusion bodies for both CK8 and CK18
(7/7) while also showing focally positive immuno-

reactivity for CK10 (2/7) and CK13 (1/7; Fig. 1C). On
the other hand, other CKs, including CK1, CK3,
CK4, CK5, CK6, CK7, CK12, CK14, CK16, CK17,
CK19, and CK20, were completely negative in all
samples. Vimentin expression was found in all sam-
ples. HeLa, Huh7, and controlled liver tissue also
showed positive immunoreactivity for CKs 8 and 18
but no detectable inclusion bodies.

Mutation Analysis of CK8 in MRT and Other
Control Materials

RT-PCR revealed KRT8 gene products in all cases
and cell lines, including controlled materials. Over-

FIGURE 1. A, histologic features of malignant rhabdoid tumor. A
solid nest of rounded or polygonal cells with eccentric nuclei and
prominent nucleoli. Glassy eosinophilic cytoplasm containing hyalin-
like inclusion bodies is evident (Case 1, hematoxylin and eosin stain;
original magnification, 500�). B, electron microscopic feature. Higher
magnification of aggregates of intermediate filaments in a paranuclear
location (magnification, 18,000�). C, the tumor cells reveal
immunoreactivity for both cytokeratin (CK) 8 and CK18, despite
showing negative immunoreactivity for other types of CK.

FIGURE 2. Reverse-transcriptase polymerase chain reaction and
direct sequence analysis at Codons 89, 251, and 290 of the human KRT
8 gene in Case 2 and the control liver tissue. The base sequences of 15
control tissues in the present region were completely in accord with
those in GenBank. C to T transition was detected at Codon 89, C to T
transition at Codon 251, and G to T transversion at Codon 290 (A). For
an evaluation of base sequencing, 15 control samples and two famous
cell lines without rhabdoid feature were also studied. We identified
missense mutations in four of the seven malignant rhabdoid tumor
(MRT) cases at Codon 301 (arrow, CGC 3 CAC). On the other hand, we
identified silent mutations in all control samples as well as seven MRT
cases at Codon 307 (arrow, TCA 3 TCT). In addition, “CK8RT4” shows
the base sequences in GenBank (Accession No. AAA35748; B).
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all, the human KRT 8 base substitutions were de-
tected in all three MRT frozen materials as well as in
four MRT cell lines. Table 3 summarizes the muta-
tional data of all samples. We identified missense
mutations at Codon 89 (5 cases: CGC 3 TGC [Arg 3
Cys]), Codon 251 (3 cases: CGC 3 TGC [Arg 3
Cys]), Codon 267 (6 cases: GAG 3 AAG [Glu 3
Lys]), Codon 290 (4 cases: AGC 3 ATC [Ser 3 Ile];
3 cases: AGC 3 ATG [Ser 3 Met]), and Codon 301
(4 cases: CGC 3 CAC [Arg 3 His]; Fig. 2A). Arg89
belongs to the H1 subdomain of the head domain,
and Arg251 belongs to the short nonhelical linker
segment or L1–2 (Fig. 3). In addition, Ser290 has
been previously reported as a phosphorylation site
of the rod domain. These mutations were not de-
tected in any of 15 controlled materials of the liver
tissue, in six controlled pediatric malignancies, or
in two other cell lines. In addition, five silent mu-
tations were also detected: Codon 190 (6 cases: AAC
3 AAT [Asn 3 Asn]), Codon 217 (7 cases: ACC 3
ACT [Thr 3 Thr]), Codon 259 (4 cases: ATT 3 ATC
[Ile 3 Ile]), Codon 269 (5 cases: ATT 3 ATC [Ile 3
Ile]), and Codon 307 (7 cases: TCA 3 TCT [Ser 3
Ser]). Fifteen controlled samples and two cell lines
also contained some of the above silent mutations
(Fig. 2B).

DISCUSSION

Cytokeratins (CKs) 8 and 18, which are expressed
preferably in simple-type epithelium such as liver,
intestine, and pancreas, are discussed in connec-
tion with hepatocellular degeneration, in particular
chronic hepatitis, liver cirrhosis (29), and Mallory
bodies (30). With regard to the human KRT 18 gene,
a few mutagenic residues have been described in
limited human diseases. For example, previous
studies demonstrated the KRT 18 gene mutation in
cryptogenic cirrhosis and chronic hepatitis (29, 31,
32). On the other hand, the human KRT 8 gene,
located in chromosome 12q13, has been described
in several reports regarding genetic sequence and
the regulation of mRNA (33, 34); however, to our

knowledge, there have been no reports of the hu-
man KRT 8 gene mutation in neoplasms. In addi-
tion, few chromosomal abnormalities of MRT have
been demonstrated, other than hSNF5/INI1, which
maps to chromosome 22q11 (26, 35–39). In this
study, we described for the first time the KRT 8 gene
mutation in MRT, which is characterized by the
intracytoplasmic inclusion body of CK filaments.

Similar to all other intermediate filaments, CKs
have the characteristic structural features of a cen-
tral amino acid: a coiled, �-helical domain that is
flanked by NH2� and COOH� terminal globular
head and tail domains, respectively. Although the
mechanisms regulating intracellular assembly or
disassembly of CK filaments have been obscure,
recent analysis of mutant CK proteins has sug-
gested that at least three important regions related
to assembly into a filament structure are involved in
lateral protofilament–protofilament interactions.
These three regions are as follows: the H1 subdo-
main of the head domain and the beginning of the
�-helical domain; the short nonhelical linker seg-
ment, or L1–2; and some major sites for phosphor-
ylation located mainly in the head and tail domains.
We noted that the five base substitutions (Codons
89, 251, 267, 290, and 301) were not observed in any
of 15 control samples and were observed only in the
MRT samples. The most striking finding in this
study is that all of these mutated codons were lo-
cated in the above three important regions.

First of all, hot mutation spots in some skin-
blistering diseases with pairs CKs 5 and 14 or CKs 1
and 10 involve the H1 subdomain of the head do-
main and the beginning of the rod 1A domain of
CKs (20, 21). Recently, these mutation spots of the
human KRT 18 gene have been reported in the
transgenic mouse model that develops chronic
hepatitis (29). In particular, the H1 subdomain of
the head influenced the CK assembly of skin dis-
eases (14, 17, 40) and HeLa cells (41); thus, the
region has been commonly assumed to play an
essential role in the alignment of CK filaments.
Actually, the mild aggregation and waviness of

TABLE 3. Mutations in the Cytokeratin 8 (KRT8) Gene in Malignant Rhabdoid Tumor

Case
Codon 89
(CGC/Arg)

Codon 251
(CGC/Arg)

Codon 267
(GAG/Glu)

Codon 290
(AGC/Ser)

Codon 301
(CGC/Arg)

1 TGC/Cys — AAG/Lys ATC/Ile —
2 TGC/Cys TGC/Cys AAG/Lys ATC/Ile —
3 — — AAG/Lys ATG/Met CAC/His
TC289 TGC/Cys — AAG/Lys ATC/Ile CAC/His
TTC549 — — — ATC/Ile —
TM87-16 TGC/Cys TGC/Cys AAG/Lys ATG/Met CAC/His
STM91-01 TGC/Cys TGC/Cys AAG/Lys ATG/Met CAC/His

HeLa — — — — —
Huh7 — — — — —
PNET/Wilms (n � 6) — — — — —
Liver tissue (n � 15) — — — — —

—, no mutation or polymorphism, given as mutation/amino acid change. PNET/Wilms, primitive neuroectodermal tumor/Wilms’ tumor.
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basal-cell CK filaments were observed in some skin-
blistering diseases (17). The same region has been
reported to be important for correct filament poly-
merization in CK8 (42). Figure 3 indicates a list of
amino acid sequences for the H1 subdomain from
the available Type II CKs obtained from GenBank,
and this region shows a very highly conserved se-
quence within Type II CKs. The strict role of the H1
subdomain is presently unknown; however, a tem-
poral relationship between mutation in the H1 re-
gion and alterations in phosphorylation of the re-
gional proteins has been noted (17). Thus, the
mutation in the H1 subdomain could be one of the
candidates that can explain the formation of abnor-

mal CK filaments. In the current study, the Arg89 3
Cys mutation (5/7) was located in the H1
subdomain.

Second, the other important region for CK as-
sembly is the short nonhelical linker segment, or
L1–2. We identified the Arg251 3 Cys mutation in
the L1–2 region (3/7). Figure 3 indicates a list of
normal amino acid sequences for L1–2, which are
conserved among Type II CKs. Mutation of the
Arg331 of the human KRT 5 gene, which can be
conservatively substituted by Arg251 of the human
KRT 8 gene, has been reported in skin-blistering
disease, such as Weber-Cockayne epidermolysis
bullosa simplex (EBS-WC; 16). Other investigators
have reported L1–2 mutations of Met 327 and
Asn329 of the human KRT 5 gene in EBS-WC (18).
The L1–2 segment is thought to play an important
role in lateral interactions through the following
mechanism: two staggered dimers are aligned so
that the carboxy half of the L1–2 domain in one
dimer is in close proximity to, and possibly even
directly opposite from, the helix 1A and head H1
segment in an adjacent dimer (43). Thus, it is pos-
sible that this Arg251 mutation is also involved in
lateral protofilament–protofilament interactions, in
cooperation with the mutation of the above-
mentioned H1 subdomain, seen as Arg89 3 Cys.

Finally, the sequences in the head and tail do-
mains have several phosphorylation sites, which
can orchestrate dynamic IF assembly and disas-
sembly events in vivo (44). The reported phosphor-
ylation sites of CK8 are Codons 8, 12, 14, 23, 33, 36,
42, and 50 in the head and Codons 416, 423, 425,
431, 441, and 456 in the tail regions (45, 46). Other
phosphorylation sites have also been reported in
the rod (Codon 290; 46). It is possible that this
Ser290 can also make a contribution to assembly
into a filament structure. In this study, it is inter-
esting that the Ser290 mutations to Met or Ile were
identified in all MRT samples (7/7).

In addition, our results showed that a few silent
mutations, differing from the KRT 8 gene sequence
in GenBank, were identified in the control samples
as well as in the MRT samples (Fig. 2B). We believe
most of these substitutions were polymorphisms or
racial difference, because the cytoskeletal mole-
cules including the CK families were known to be
rich in genetic polymorphism (47).

To summarize, we first demonstrated the human
KRT 8 gene mutations in MRT. As a consequence of
analyzing these mutations, all of the mutated
codons were located in the important regions of
keratin filaments, although these results provide no
evidence that KRT 8 gene mutations themselves are
directly relevant to conformational change of inter-
mediate filaments, leading to the formation of in-
clusion bodies in MRT. Further examination of the
function of CK filaments, using other molecular and

FIGURE 3. Diagrammatic representation of cytokeratin (CK) 8 to
show the positions of gene mutation observed in malignant rhabdoid
tumor (MRT), relative to the previously reported CK5 (KRT 5) gene
mutations in patients affected by Weber-Cockayne epidermolysis
bullosa simplex (EBS-WC) or epidermolytic hyperkeratosis (EH)
patients. Stick figure depicts secondary structure of human CKs. The
large boxes indicate the four helical subdomains (1A, 1B, 2A, and 2B),
and the shaded boxes denote the highly conserved end domains of the
rod. Solid bars denote nonhelical head and tail domains, and the head
domain contains a highly conserved H1 subdomain. In the H1
subdomain (white box), the end domains of the rod 1A and the L1–2
region between 1B and 2A are expanded to show the amino acid
sequence alignment of Type II CKs. The CK1 (KRT 1) gene mutation
observed in a patient with EH, the CK5 (KRT 5) gene mutations
observed in patients with EBS-WC, and the CK8 (KRT 8) gene
mutations observed in this study are also shown. Note the CK8 gene
mutations relative to the H1 and L1–2 regions and relative to known CK
point mutations in EBS-WC and EH. The Arg (R) 251 3 Cys (C)
mutation in the CK8gene is located in the L1–2 domain, as are the Met
(M) 325 3 Thr (T), the Asn (N) 327 3 Lys (K), and the Arg (R) 331 3
Cys (C) mutations in the CK5 gene of the EBS-WC families (15, 16, 18).
MRTCK8 shows the CK8 missense mutation sites observed in this
study. The Arg (R) 89 3 Cys (C) mutation in the CK8 gene is located in
the H1 subdomain, as is the Ile (I) 161 3 Ser (S) mutation in the CK5
gene of the EBS-WC families (17) and the Leu (L) 149 3 Pro (P)
mutation in the CK1 gene of EH (14).
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cellular biological techniques, would clarify the
morphological character of the inclusion bodies in
MRT.
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