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estimated to be ~16% by SSCP analysis. The PamChip
microarray could detect mutant alleles proportions >25%
by SSCP analysis. The limit for detection of mutant alleles
by the PamChip microarray was therefore estimated to be
16-25% of the total DNA. The detection limit of direct
sequencing was estimated to be 46-50%.

Discussion

In this study, we analyzed several mixtures containing
two oligonucleotides (wild-type plus mutant) with the
PamChip microarray. We also analyzed mixtures of
genomic DNA (wild-type and mutant) prepared from two
cell lines with the PamChip microarray. The fluorescence
intensities of each sequence showed dose-dependent re-
lationships and were somewhat consistent with the theo-
retical proportions in the mixtures of genomic DNA as
well as oligonucleotides. Such results for microarray
analysis have not been described previously. The accu-
racy of the fluorescence intensity and the degree of
fluorescence were satisfactory and are suitable for mi-
croarray analysis.

Clinical DNA samples were analyzed with the Pam-
Chip microarray for comparison with PCR-SSCP analysis
and/or DNA sequencing data. When somatic mutations
in cancer tissues are assessed, it is not possible to avoid
contamination by the wild-type allele derived from non-
cancer cells. We therefore investigated the limit at which
each technique could detect the mutant allele. The ability
to detect small amounts of mutant DNA within a large
amount of wild-type DNA is absolutely necessary for
analyzing clinical DNA samples. The combination of
PCR-85CP analysis and DINA sequencing provided the
greatest sensitivity. Direct sequencing of PCR products
occasionally misdiagnosed samples containing low
amounts of the mutant allele {46-50%), and PCR-S5CP
analysis could not distinguish genotypes with similar
electrophoretic patterns. The PamChip microarray de-
tected DNA mutations when the mutation comprised at
least 25% of the tested population of DNA; thus, we
believe that samples from patients heterozygous for a
particular mutation, i.e., cancer specimens contaminated
with noncancerous tissue, would be detectable with this
array system, Mutations in mitochondrial DNAs that
cause disease typically occur as mixtures of mutant and
wild-type mitochondrial DNAs (heteroplasmy), and dis-
ease severity is correlated with the proportion of mutant
DNA (21). Genotyping of mitochondrial DNA mutations
in such diseases can also be performed with this array
system.

The entire PamChip process was completed in ~3.25 h,
including 1 h for DNA preparation, 2 h for PCR, and 15
min for microarray (hybridization, washing, and signal
detection). The PamChip microarray thus substantially
reduces the time necessary for microarray analysis. How-
ever, at present the PamChip microarray requires PCR
amplification of the targeted region, which adds 2-3 h to
the total analysis time. To reduce the time for DNA

Maekawa et al: Three-Dimensional Microarray for Mutation Analysis

amplification, shuttle PCR or another amplification
method may be useful. Multiplex PCR can be used to
amplify multiple SNPs simultaneously. A novel microar-
ray analysis that does not require DNA amplification or
preparation would be superior for mutation and/or SNP
analysis. Such a technique could be easily applied to the
selection of medications best suited for each individual
and to molecular diagnosis during surgery.

K-ras mutations are typically localized in codons 12, 13,
and 61, and ~60% of somatic mutations in cancers occur
in codon 12. Amino acid substitutions may affect the
physiologic function of a protein and the clinical progno-
sis. A close association has been reported between a
somatic mutation, GAT (Asp), in codon 12 and distant
hematogenous metastasis (22). Two specific mutations,
TGT (Cys) in codon 12 and GAC (Asp) in codon 13, have
been associated with a significantly increased risk of-
cancer recurrence (23). Etiologic data revealed that GTT
(Val) in codon 12 is associated with cancer progression
and more aggressive biological behavior (24, 25). Conse-
quently, genotyping of colorectal adenocarcinomas for
K-ras status is feasible for use in diagnostic pathology to
provide information that could be used to individualize
and optimize treatments and prognoses.

In conclusion, the unique features of the PamChip mi-
croarray technology, including real-time imaging and
temperature control combined with short assay time,
make it suitable for clinical screening of mutations. This
microarray is potentially useful for limited and targeted
purposes, and detection of K-ras mutations is one example
of such focused use of this microarray.
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There have been some reports of unusual lactate
dehydrogenase (LD; EC 1.1.1.27) iscenzymes (1-12).
An abnormal electrophoretic pattern may result from
the presence of an extra LD fraction, altered mobility,
a change in the molecular structure of a fraction or
from the distortion of one or more normal bands (1).
Distortion of normal bands may be caused by immu-
noglobulin {lg} or any other protein binding (2-6),
genetic variants {7, 8), tumor production (9, 10} and
other modifications {11, 12). Complexes of LD and
immunoglobulin are found in the sera of some
patients (2-5), their presence usually indicated by
electrophoretically abnormal LD fractions. Trocha (6)
reported a case with seven LD isoenzyme bands in the
serum assay and identified LD linked to B-lipoproteins
and IgA. Baxi et al. {11} found an association between
a surface antigen of hepatitis B virus and an 1D iso-
enzyme that appeared as an anomalous band
between LD4 and LD5 (LD5ex}). Cabello et al. {12)
described an additional band on the cathodic side of
LD5 (namely LD8) having alcohol dehydrogenase
activity.

An unusual extra electrophoretic band has also
been observed in cancer patients (9, 10). The electro-
phoretic mobility of the extra band was often close to
LD2 and between LD2 and LD3. We found that the
extra band migrated slightly slower than LD2 in a
patient with retinoblastoma, that the somatic LDHA
gene was transcriptionally silenced by promoter
hypermethylation of LDHA and that a testis-specific
variant transcript of LDHA was related to the forma-
tion of the extra band (10).
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We have discovered a patient with high serum LD
activity and an extra electrophoretic band between
LD1 and LD2. The patient was a 61-year-old woman
with atypical mycobacterium infection and intermit-
tent atrial arrhythmia. Values for some serum enzyme
activities were aspartate aminotransferase, 37 1UA
{reference interval 11-30 IL/1); alanine aminotransfer-
ase, 12 U/ (5-42 IU/l); creatine kinase, 94 U/ {42-
164 [UA); and LD, 367 IUA {101-183 1U/1}. LD activity
was measured by the method recommended by the
Japanese Society for Clinical Chemistry (13} with a
Hitachi 7350 biochemical automated analyzer {Hitachi,
Ibaragi, Japan). The patient’s LD activity in serum was
elevated moderately.

The LD isoenzyme electrophcoretic pattern in the
patient’s serum {lane 1) is shown in Figure 1A. We
separated the isoenzymes by electrophoresis on a
Titan 1l LIPO cellulose acetate film {Helena Labora-
tory, Saitama, Japan). An extra band between LD1
and LD2 was ohserved in several serum samples
obtained on different days. There was no smearing
pattern or broad banding pattern in any iscenzyme
band. The proportions of LD1 (32.6%), the extra band
(15.5%), LD2 {27.0%]), LD3 {14.3%), LD4 {4.7%} and LD5
(6.0%) were determined from a densitometric trace.
We also performed electrophoresis on a 4 to 20% gra-
dient polyacrylamide gel (Multigel 4/20; Daiichi Pure
Chemicals, Tokyo, Japan} and obtained two extra
bands between LD2 and LD3 (Figure 1B). This means
that the extra band obtained on cellulose acetate had
a higher molecular mass than normal LD isoenzyme
and that the extra band might have contained a com-
plex between an LD isoenzyme and another protein,

To investigate whether the unusual protein was a
genetic variant, we evaluated the LD iscenzyme pat-
tern of erythrocyte hemolysates. Erythrocyte hemo-
lysates were made as described previously (8) and
used for LD isoenzyme analysis. If a genetic variant
were present in the LD isoenzyme, the hemolysates
should also yield the extra band, but none was
obtained (data not shown}.

Triton X-100 solution (10%)} was added to the
patient’s serum to disrupt membrane bound mole-
cules, and its effect on the LD isoenzyme pattern was
determined. A substrate-blank reagent {without lac-
tate, Helena Laboratory) was applied for LD staining
instead of the usual staining solution to determine
whether the extra band was LD. Neither treatment
altered the amount of the extra band (data not
shown). '

We performed immunoelectrophoresis {IEP) using
Titan Gel IE plates (Helena Laboratory} and antiserum
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(A)

Figure T Abnormal lactate dehydrogenase (LD) isoenzyme
pattern. A. Cellulose acetate membrane electrophoresisona
Titan lil membrane. Lane 1, the patient’s serum (PS) with the
extra band marked by the arrow; lane 2, mixture of the PS
and isotonic saline {1:6); lane 3, supernatant after mixing the
PS with anti-a;-macrogiubulin antibody {1:8); lane 4, super-
natant after mixing the PS with anti-a,-lipoprotein antiserum
{1:6). The extra band disappeared only in lane 4. The LD2
band in lane 4 is stronger than the LD1 band because of the
LD activity in the antiserum (anti-a,-lipoprotein). B, Gradient
polyacrylamide {4-20%) gel electrophoresis. Lanes 1 and 5,
LO1 and LD2 dominant control serum; lane 4, LD2 and 1LD3
dominant contro! serum; fanes 2 and 3, the PS sampled on
different days 2 weeks apart. Two extra bands are marked
by arrowheads.

against whole human serum (Helena Laboratory).
Only one precipitin line was stained by LD activity in
the a,-globulin region {Figure 2). Based on the loca-
tion and shape of the line, we suspected a,-lipopro-
tein might be bound to LD. We then used antisera
specific for aslipoprotein (Daiichi Pure Chemicalsl),
aq-antitrypsin (Behring, Marburg, Germany} and «,-

) {+)

— antiserum
., antiserum

antiserum

Figure 2 Immuncelectrophoresis and LD activity staining.
After immunoelectrophoresis with rabbit antiserum against
whole human serum, the precipitin lines were stained by
Amido Black protein staining solution {upper half of the Fig-
ure) and LD activity visualizing solution {lower half). CS indi-
cates control serum from a healthy volunteer and PS
indicates the patient's serum. The arrow indicates an immu-
noprecipitin line possibly caused by a complex between LD
and a,-lipoprotein.

acid glycoprotein (Behring). No LD activity was
cbserved for any of the precipitin lines {data not
shown). We also performed an immunoabsorption
experiment. The patient’s serum was mixed with the
antiserum specific for ay-lipoprotein and an antibody
specific for a;-macroglobulin, {Dako, Glostrup, Den-
mark} for 30 min at 37°C, and the supernatant was
analyzed for LD isoenzyme. The extra band disap-
peared when antiserum specific for a,-lipoprotein, but
not for e;-macroglobulin, was applied {Figure 1A,
lanes 3 and 4).

The patient did not have any cancers or hereditary
varfants. The extra LD isoenzyme electrophoretic
band was caused by conjugation with «.-lipoprotein.
After absorption of a,-lipoprotein with a specific anti-
body, the extra band disappeared. However, we do
not understand why the precipitin line associated with
anti-eey-lipoprotein antiserum was not colored by LD
activity staining and why the line associated with
whole human serum antiserum was colored. All of the
antisera or antibodies in this study were from immu-
nized rabbits. The discrepancy might be due to a dif-
ference in methodologies. The complex between LD
and a4-lipoprotein might have dissociated upon mix-
ing with o,-lipoprotein antiserum. it was reported that
a part of the LD-1gG complexes was dissociated by
NAD, NADH or 5-AMP (3, 5). Two possible conse-
quences of dissociation are that the bound antiserum
blocked LD binding or that a,-lipoprotein changed
conformationally upon reaction with the antiserum so
that it could not conjugate with LD.

At the beginning of our study the extra band com-
prised 15% of the LD bands but after 7 months the
percentage of the extra band decreased to 7% (data
not shown). The high LD activity also decreased to
within the reference interval. The extra band activity
decreased with the decrease of the total LD activity.
Because the proportion of the extra band did not
seem to depend upon the disease activity, it might not
be related to clinical symptoms or states. An extra
glectropheretic band migrating between 1.D1 and LD2
is rare in a patient with mitral stenasis (14}, and our
patient with an identified conjugation with ay-lipopro-
tein is, to our knowledge, the first reported. Therefore,
the clinical significance of the extra band remains to
be determined.
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Background & Aims: Methylation of the hMLH1 pro-
moter region is frequently observed in microsatellite
instability (MSl)-positive sporadic colorectal carcino-
mas. We studied hMLH1 promoter methylation in pe-
ripheral blood lymphocytes of 87 index patients repre-
senting 29 cases of hereditary nonpolyposis colorectal
cancers (HNPCCs), 28 cases of atypical HNPCCs, and 30
sporadic cases of the development of early-onset colo-
rectal carcinomas or multiple primary cancers. Methods:
Methylation of the hMLHL promoter region was ana-
lyzed by Na-bisulfite polymerase chain reaction/single-
strand conformation polymorphism analysis or methyl-
ation-specific polymerase chain reaction. MSI, allelic
status of the hMLH1 locus, and loss of hMLHL protein
expression were examined in cases for which tumor
tissues were avallable. Results: Extensive methylation of
the hMLH1 promoter was detected in peripheral blood
lymphocytes of 4 of 30 patients with sporadic early-
onset colon cancer, among whom multiple primary can-
cers (1 colon and 1 endometrial cancer) developed in 2
cases, This methylation was not detected in analyses of
HNPCC or atypical HNPCC groups or healthy control
subjects. MSI was positive, and extensive methylation
was detected in both cancers (colon and endometrial
cancer) and normal tissues (colon, gastric mucosa, en-
dometrium, and bone marrow) in all of the examined
cases (3 of 3). Analysis of a polymorphic site in the
hMLHL promoter in 2 informative cases showed that
methylation was hemiallelic. In 1 case, the unmethyl-
ated allele was lost in the colon cancer but not in the
metachronous endometrial cancer. Conclusions: Consti-
tutive, hemiallelic methylation of the hMLH1 promoter
region was shown to be assoclated with carcinogenesis
In sporadic, early-onset MSl-positive colon cancers.

:[ Iereditary nonpolyposis colorectal cancer (HNPCC) is
an autosomal dominantly inherited syndrome predis-
posing to cancers of the colorectum, endometrium, ovary,

small intestine, and upper urinary tract.! The majority
(85%-95%) of HNPCC tumors show microsatellite insta-
bility (MSI), which leads to the accumulation of deletion
and insertion mutations at simple repeated sequences. In
HNPCC, MSI is caused by germline mutations of mis-
match repair genes (MMR genes) such as hMSH2, hMLH],
hPMS1, hPMS2, and hMSHG.27 Among these MMR
genes, mutations of hMSH2 and hMLH1 are known to be
responsible for up to 45%~64% of HNPCCs.82 HNPCCs
are characterized phenotypically by early-onset colorectal
carcinoma (CRC), prevalent tumor location in the proximal
colon, and an increased risk of developing multiple CRCs
and other malignancies.’0-13 Qp the other hand, some
(10%-15%) sporadic CRCs also show MSI,'4-16 and meth-
ylation of the hMLH1 promoter region has been suggested
to be the major mechanism in these cases.’”-12 Methylation
of the hMLH1 promoter region and subsequent transcrip-
tional silencing have been demonstrated in the formation of
MSI-positive cancers.'-2! In a previous study, methylation
of the hMLH1 promoter region induced transcriptional
silencing of both of the hMLH1 alleles in cell lines showing
MSI*2 and this epigenetic mechanism of gene inactivation is
in line with Knudson's two-hit hypothesis.2? The proximal
region of the hMLH1 promoter contains cis-elements im-
portant for regulating gene expression.24 Methylation of an
adjacent CpG site inhibits binding of the core binding

Abbreviations used In this paper: BIPS, Na-bisulfite treatment and
PCR singlestrand conformation polymorphlsm; CRC, colorectal carcl-
noma; HNPCC, hereditary nonpolyposis colorectal cancer; LOH, loss of
heterozygosity; MMR gene, mismatch repair gene; MS!, microsatellite
instabllity; MSI-H, high-frequency MSI; MSP, methylatlon-specific PCR;
PBL, peripheral biood lymphocyte; PCR, polymerase chaln reaction;
RT-PCR, reverse-transcription PCR; SSCP, single-strand conformation
polymorphism,
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factor to the CCAAT box in this region and is one of the
causes of hMLH1 gene silencing in colon cancer cells.?> We
reported that extensive methylation (designated as full
methylation) of the hMLH1 promoter region played a cru-
cial role in hMLH1 gene inactivation,? and that full meth-
ylation occurred in both alleles of the hMLH1 promoter
region in high-frequency MSI (MSI-H) colon cancers.?” In
one third of the CRCs showing full methylation, methyl-
ation was also detected in the adjacent normal colonic
mucosa, although it was confined to the most upstream
region of the hMLH]1 promoter sequences (designated as
partial methylation).?” Sporadic MSI-positive CRCs show
different clinicopathological characteristics from those of
HNPCC in that they are preferentially associated with
late-onset proximal colon cancer in female patients,’2
suggesting that changes of hormonal status might be re-
lated to the development of the hMLH1 promoter methyl-
ation. Recently, Gazzoli et al.?® examined 14 cases of sus-
pected HNPCC with MSI-H but no detectable germline
mutations of hWMSH2, hMLH1, and hMSH6 for hypermeth-
ylation of the hMLH1 promoter region, and they reported
a case in which 1 allele of hAMLH1 was methylated in DNA
isolated from blood, and biallelic inactivation of the
hMLH gene in the tumor was caused by a loss of heterozy-
gosity (LOH) of the other allele. They suggested that this
was a novel mode of germline inactivation of a cancer
susceptibility gene.

In this study we analyzed the methylation status of the
hMLH1 promoter tegion in peripheral blood lympho-
cytes (PBLs) of patients referred to genetic counseling
clinics because of the suspicion of an HNPCC. We
detected constitutive methylation of the hMLH1 pro-
rmoter region in 4 cases of early-onset sporadic MSI-H
CRCs. They displayed hemiallelic but full methylation
of the hMLH1 promoter region in normal tissues such as
PBLs, notmal colonic mucosa, endometrium, gastric mu-
cosa, and bone marrow, exhibiting distinctly different
clinical characteristics from boch cases of HNPCC and
cases of sporadic MSI-H CRC.

Materials and Methods
Patients

The study protocol was carried our after receiving
insticutional review board approval and written informed con-
sent for the study from 87 index patients. PBLs were obrained
from the 87 index patients, who visited generic counseling
clinics because of suspicion of HNPCC. All of these patients
developed CRCs, and 29 of them fulfilled 1 of the 2 HNPCC
criteria, i.e., the Amsterdam’s minimum criteria or the mod-
ified Amsterdam criteria.3°-32 Twenty-eight kindred were
classified as having atypical HNPCC, because they had at lease
1 first-degree relative with CRC but did not fulfill the above-
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mentioned criteria. Of the kindred with atypical HNPCC, 13
kindred fulfilled the second (B-2) and/or fourth (B-4) criteria
of the Bethesda guidelines,? i.e., individuals with 2 HNPCC-
related cancers, including synchronous and metachronous
CRCs or associated exrracolonic cancers (5 cases) (B-2), indi-
viduals with CRC or endometrial cancer diagnosed at age
younger than 45 years (6 cases) (B-4), and 2 cases fulfilled both
of these 2 criteria (B-2 + B-4). Thirty kindred fulfilled neither
the critetia for HNPCC nor atypical HNPCC. They developed
early-onset CRCs when younger than the age of 50 years or
multiple CRCs and/or extracolonic cancers, without showing
familial predisposition to HNPCC-related tumors in their
first-degree relatives. As to the relation with che Bethesda
guidelines, the number of cases fulfilling the second ot fourth
criteria of the Bethesda guidelines was 4 (B-2), 20 (B-4), and
2 (B-2 + B-4), respectively. Regarding case H403, a case of
sporadic CRC showing constitutive methylation of the
hMLH1 promoter region, the proband’s sister visited the clinic
for genetic counseling, and her PBLs were examined for meth-
ylation. The methylation status of the hMLH1 promoter re-
gion was also examined in PBLs from 100 normal healthy
control subjects older than 50 years undergoing routine health
checkups. Before the analysis, samples were made unlinkable
as to their personal information.

Analysis of MSI

In 4 cases showing aberrant methylation of the
hMLH1 promoter region, the MSI status was examined in all
available samples, including tumor tissues and normal tissues
such as PBLs, colonic mucosa, gastric mucosa, endometrium,
and bone marrow aspirate. Genomic DNAs were subjected to
polymerase chain reaction (PCR) amplification at 9 microsat-
ellite repeat loci (D25123, D5§346, D175250, BAT26,
BAT25, MSH3, MSHG, TGFBR2, and BAX). Analysis of MSI
was performed as described previously.2¢ The definition of MSI
starus was as follows: high-frequency MSI (MSI-H), when 30%
or greater of the 9 markers showed MS), in accordance with the
recommendation of the National Cancer Institute Work-
shop.?4

Methylation Analysis of the hMLH1
Promoter Region

Na-bisulfite PCR/single-strand conformation poly-
morphism (SSCP) (BiPS) analysis was performed as described
previously2633 (Figure 1). With the adenine residue at the start
codon numbered as +1nt, the hMLH1 promoter (—755 to
+86) was divided into 5 regions (region A [from —735 to
—574, containing 23 CpG sites], B [from —597 to —393, 12
CpG sites], C [from —420 to —188, 16 CpG sites}, D [from
—286 to —53, 13 CpG sites], and E [from —73 to +86, 13
CpG sites]) and was amplified with 5 sets of PCR primers.
Each primer set was designed to anneal to both methylated and
unmethylated DNAs, of which the amplicons could be sepa-
rated by SSCP analysis. Amplified DNA fragments were visu-
alized by using SYBR Gold nucleic acid gel stain (Cosmo Bio
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Figure 1. BiPS analysis of hMLHL promoter region and methylation profiles of various tissues in case H166. (A} Map of the 5' CpG islands of the
hMLH1 gene. CpG sites are indicated by vertical lines. The arow indicates G/A polymorphism at position —93nt in the hMLH1 promoter region. The
expected PCR products for regions A, B, C, D, and E are shown. Their positions relative to the adenine residue at the start codon and the sizes of the
amplified DNA fragments are indicated. Figures in the parentheses indicate the numbers of CpG sites in each region. (B) Nabisulfite treatment and
PCR-S5CP (BiPS) analysis of the hMLH1 promoter region in each tissue of case H166 (M, control methylated DNA: U, ¢ontrol unmethylated DNA; Colon
m, colon normal mucosa; Colon ca, colon cancer; P1, PBLs obtained at 34 years of age (diagnosed with colon cancer); Em, endometrium: Eca,
endometrial cancer; P2, PBLs obtained at 44 years of age (diagnosed with endometrial cancer). We divided the hMLHL promoter into 5 regions (regions
A-E) and examined the methylation status. DNAs from all samples in case H166 showed methylated bands in all regions, indicating full methylation
of the hMLH1 promater region, which was confirmed by direct sequencing of the mutated bands (data not shown).

Co., Tokyo, Japan) and scanned with a Fluorescenr Image
Analyzer Model FLA-3000G (Fuji Photo Film Co., Tokyo,
Japan). When the bands showed mobility shifts, they were cut
from the gel, reamplified, and directly sequenced wichout
subcloning by using an ABI 310 PRISM sequencer (Perkin-
Elmer Co., Branchburg, NJ) with a Big-Dye Terminator Cycle
Sequencing Ready Reaction Kit (PE Applied Biosystems, Fos-
ter City, CA). Full methylation was defined as the state in
which all CpG sites from regions A through E were methyl-
ated.?%?7 The allelic status of methylarion was examined by
direct sequencing of the G/A polymorphic site at —93at in
region D¢ Furthermore, the methylation status of the
hMLH]1 promoter region D was zlso analyzed by methylation-
specific PCR (MSP) as described previously?? (Figure 2B and
C). The PCR product was mixed with 53X loading buffer,
eleccrophoresed on a nondenaturing 8% polyacrylamide gel,
stained with ethidium bromide, and scanned wicth a Fluores-
cent Image Analyzer Model FLA-3000G. DNA fragments
amplified by MSP were subjected to direct sequencing, and

G/A polymeorphism was examined to determine whether the
methylation was a biallelic or hemiallelic event.

Mutation Analysis of the hMSH2 and
hMLH1 Genes

Total RNA was extracted from che PBLs treated with
puromycin by using the acid guanidine phenol chloroform
method.?” Long reverse-transcription (RT)-PCR was carried
out from RNAs extracted from PBLs incubated in the presence
of puromycin, according to the method we reported previ-
ously.*#3? Sionals from mutated alleles are enhanced after
putornycin treatment as a resule of the suppression of non-
sense-mmediated mRNA decay and easily distinguishable from
signals from the wild-type allele. This approach is a sensitive
method to screen deleterious mutations such as nonsense or
frameshift mutations and large genomic disorganizations re-
sulting in genomic deletion or partial duplication of the
hMLH1 gene 3? Sequencing reactions were performed by using
a Big-Dye Terminator Cycle Sequencing Reaction kit. Elec-
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Figure 2. Uniparental methylation of the hMLH1 promoter region, (A) PCR/SSCP analysis of the SNP at position —83nt was used to determine
the genctype of 4 cases, Le., A/A for H403, A/G for H450 and H166, and G/G for H628. (B} MSP analysis of the hMLH1 promoter region D.
M, control methytated DNA; U, control unmethylated normal DNA. DNA derived from H403, H450, H166, and H628 showed a methylated band
in the promoter region D. DNA derived from H430 {unaffected sister of H403) did not show a methylated band. In addition, DNA derived from
all cases showed an unmethylated band in the same region. {C) Direct sequencing of the PCR products derived from the methylated and
unmethylated fragments in MSP analysis. The arrow Indicates G/A polymarphism at position —93nt in the hMLH1 promoter region. One allele
(allele G in H450, allele A in H166) was observed to be a methylated fragment, and the other allele {allele A in H450, allele G in H166) was

observed to be an unmethylated fragment.

trophoresis was carried out by using an ABI 310 PRISM
sequencer. Primers used for direct sequencing were described
in a previous report.® All mutations detected by direct se-
quencing were confirmed by PCR-based sequencing of the
corresponding region of genomic DNA.

Analysis of Allelic Loss of hMLH1

Analysis of LOH of hMLH1 was performed as de-
scribed previously?”40 (Figure 3). Briefly, an ALFexpress DNA
sequencet (Pharmacia, Tokyo, Japan) was used for SSCP anal-
ysis. Electrophoresis was performed at 20W for 1500 minutes
with a 15% polyacrylamide gel. During electrophoresis, the
gel was kept at a constant temperature of 16°C by using 2
circulating water bath, The data were analyzed by using the
sofrware package Fragment Manager (Pharmacia, Tokyo, Ja-
pan). LOH was defined when the peak height of the signal

from either zallele was decreased more than 50% as compared
with that of the normal control.

Immunohlistochemical Examination of
hMLH1

Immunohistochemisery was performed as described
previously?6 (Figure 4). Briefly, tissue sections were deparaf-
finized with xylene and dehydrated by using a graded series of
ethanol. Antigen retrieval was performed in citrate buffer by
using a heat-induced microwave oven. The avidin-biotin—
conjugated immunoperoxidase technique was performed by
using a DAKO LSAB2 Kir (DAKO, Carpinteria, CA). Endog-
enous peroxidase activity was blocked by methanol supple-
mented with 0.029% H,0,. Sections were immersed in 4%
commercial nonfat skim milk powder to inhibit nonspecific
antibody binding. The sections were then incubated overnighte
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Figure 3. Electropherograms
of SSCP analysis showing al
lelic loss of hMLHL in colon
and endometrial tissues of
case H166. Allelic loss was de-
tected only in the colon cancer,
and the position of the lost al-
lele is indicated by an arrow.

PBL

with mouse monoclonal antibody to the hMLH1 gene product
(clone G168-135; PharMingen, San Diego, CA) (at 2 1:50 dilution)
and rhen with biotinylated secondary antibody and peroxidase-
labeled avidin-biotin complex for 30 minutes, and staining was
visualized by incubating the sections with 0.02% H,0, and
0.02% diaminobenzidine in methanol for 10 minutes.

Results

Characteristics of Four Cases With Extensive
Methylation of hMLHI. Promoter Region
in PBLs

Analysis of PBLs from 87 index petients in whom
HNPCC was suspected revealed extensive methylation of
the hMLH1 promoter region in 4 cases (H166, H403,

Colon mucosa
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M

Endometrivm Endometrial ca
(Retain)

Colon ca

(Lost)

LOH of the hMLH]1 locus (H166)

H450, and H628), whose characteristics are shown in Table
1. They were characterized by early-onset colon cancer and
absence of family history of CRC in their firse-degree rela-
tives. Case H166 developed ascending colon cancer and
endometrial cancer at the ages of 38 and 44 years, respec-
tively, and PBL samples taken after the onset of each cancer
showed extensive methylation of the hMLH1 promoter
region. Case H628 developed descending colon cancer at 29
years of age and had a history of left colectomy as a result of
descending colon cancer at 17 years of age.

We examined MSI and methylation status of the
hMLH]1 promoter region in colon cancer (H403, H166,
and H628), endometrial cancer (H166) tissues, and in
their normal counterparts (Figure 1B, Table 1). All of the

Figure 4. Immunohistochemical staining for hMLH1 expression in colon tissues of case H166 (4, B) and H&28 (£, F) and endometrial tissues
of case H166 (C, D). Positive nuclear staining was observed in normal colonic mucosa (A, E) and endemetrium (C), whereas a lack of positive
nuclear staining was observed in carcinomas of the colon (B, F) and endometrium (D),
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Table 1. Characteristics of Patients With Extensive Methylation of hMLH1 Promoter Regjon in Lymphocyte Cells

Family history hMLHL
hMSH2
Case Age® Sex Site CRCt Other cancer Genotype®  Specimen MSi  Methylation Mutation? IHC mutation
Hi166 38 F A - — A/G PBL 3Byr MSS Fuli - -
Colon mucosa MSS Full +
Colon cancer MSI-H Full -
PBL 44 yr  MSS Full - -
Endometrium MSS Full +
Endometrial MSIH Futl -
cancer MSS Full
Colon mucosa 45yr MSS Full
{biopsy)
Gastric mucosa MSS Full
Bone marrow
H403 28 M T — Gastric cancer A/A MSS Full - -
{grandfather)
PBL MSS Full N.D.
Colon mucosa MSI-H Full N.D.
Colon cancer
H4B0 23 F A —  Pancreas cancer A/G PBL MSS Full - -
{grandmother)
H628 29 M D(17yr) -  Gastric cancer G/G MSS Full - -
(grandfather)
A(29yn PBL MSS N.D. +
Breast cancer (aunt) Colon mucosa MSI-H N.D. -
Colon cancer  (biopsy) MSS Full
Breast cancer (aunt) Colon mucosa  {biopsy} MSS Full

Gastric mucosa

[HG, immunohistochemical analysis; A, ascending colon; MSS, MSlstable: T, transverse colon; N.D., not done; D, descending colon; PBL,
petipheral blood lymphocyte; MSI-H, high-frequency MSI; +, positive staining; —, negative staining.

CRC onset age.

bNo family history of CRC.

chMLH1 promoter genotype (—93 nt from translation start site).
dMutation negative.

rumors showed MSI-H, and extensive methylation of the
hMLH1 promoter region was demonstrated in both tu-
mors and normal mucosa. In cases H166 and H628, the
patients underwent further examinations postoperatively
such as digestive endoscopy (166 and H628) and bone
marrow aspiration (H166) for persistent leukopenia.

In both cases, methylation of the hMLHL promoter
region was shown to be constitutive and hemiallelic in all
samples examined. PBLs of case H403's sister (H430)
did not show the methylation (Figure 2B). The PBLs of
the other family members were not available. No germ-
line mutations were detected in the h(MLH1 or hkMSH2
genes of these 4 patients. Methylation of the hMLH1
promoter region was not detected in the PBLs of 100
healthy blood donors.

Hemiallelic Methylation of hMLH1
Promoter Region in Normal Tissues

We previously reported that methylation of the
hMLH1 promotet region was a biallelic event in MSI-
positive CRCs.2? To detetmine whether methylation of
the hMLH promoter region in PBL is a biallelic epige-

netic event, we examined the methylation status of this
region by using G/A polymorphism at position —93nt in
the hMLH1 promoter by use of MSP combined with
DNA sequencing (Figures 1 and 2A). In the 2 informative
cases, we could confirm that methylation was hemiallelic
(allele G in H450, allele A in H166) in all specimens.

Immunohistochemical Assessment of
hMLH41 Protein Expression

To determine whether hMLH1 gene inactivation
was caused by extensive methylation of the hMLHI
promoter region, we investigated hMLH1 protein ex-
pression in colon (cases H166 and H628) and endome-
trial (case H1606) tissues by immunohistochemistry (Fig-
ure 4). h(MLH1 protein expression was not detected in
colon or endometrial cancer, but it was detected in
normal colonic mucosa and endometrium.

Cause of Lack of hMLH1 Protein
Expression in Cancer Tissues

To determine how the hemiallelic methylation of
the hMLH1 promoter region induced silencing of
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hMLH1 protein expression in cancer tissues, we investi-
gated the LOH of hMLH1 in case H166 (Figure 3).
Analysis of the colon cancer showed somatic loss of the G
allele at the hMLH1 locus, and biallelic inactivation of
the hMLH]1 gene was caused by extensive methylation of
allele A, followed by loss of the opposite allele. However,
analysis of the endometrial cancer did not show LOH,
and thus we could not identify the cause of the reduced
expression of hMLH1 protein in endometrial cancer.

Discussion

In the present study we examined the methylation
status of the hMLH1 promoter region in 87 index pa-
tients in whom HNPCC was suspected. The 87 index
cases included 30 cases that were sporadic but had de-
veloped early-onset CRCs or multiple primary cancers.
We identified 4 of 30 sporadic cases with extensive
methylation of the hMLH1 promoter region in PBLs.
They all developed CRCs at a very young age (the age at
onset for a first cancer varied from 17 through 38 years
of age), and there were no HNPCC-related cancers in
their first-degree relatives. Analysis of 2 cases heterozy-
gous for a G/A polymorphism at position —93nt showed
that the methylation was hemiallelic (Figure 2C). These
findings were in accord with those of a case reported by
Gazzoli et al.?® Those authors reported hypermethylation
of the hMLH1 promoter region in 1 allele in the DNA
from PBLs of a CRC patient with young age (25 years) at
onset and without family history of CRC. We examined
the methylation status of the hMLH1 promoter region in
DNAs from various tissues, including normal mucosa of
the colon, stomach, and endometrium and bone marrow,
and the methylation was invariably detected in all tissues
examined. Methylation occurred as a constitutive, hemi-
allelic event. All of these 4 cases were eatly-onset, and
they were also sporadic without family history of
HNPCC-related tumors in their first-degree relatives.
PBLs of case H403's sister (H430) did not show the
methylation (Figure 2B). The PBLs of the other family
members were not available. Constitutive methylation of
the hMLH1 promoter region was not detected in analyses
of HNPCC or atypical HNPCC groups or healthy con-
trol subjects. Taken together, these findings suggest that
hemiallelic methylation was not heritable, and that it
was inconsistent with the mode of autosomal dominant
mendelian inheritance, although aberrant methylation
might be due to other unknown genetic mechanisms.

In MSI-H CRCs, methylation of the hMLH1 pro-
morter region has been reported to be extensive, usually
occurring in both alleles of the hMLH1 promoter, and
strong association has been observed between the meth-
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ylation profile of the hMLH! promoter region and the
clinicopathologic background of the cases, i.e., preferen-
tial occurrence in the proximal colon, female predomi-
nance, and older age at onset.?628 The 4 cases studied
here showed different characteristics from ordinary
MSI-H tumors in that the methylation was a constitutive
but hemiallelic event, preferentially observed in early-
onset CRC and without gender specificity (2 male and 2
fernale patients). The frequency of constitutive methyl-
arion of the h\MLH1 promoter region was 13.3% (4 of 30
cases) in the cases of sporadic CRCs we examined, sug-
gesting that hemiallelic methylation of the hMLH1 pro-
motet region accounts for a subset of early-onset sporadic
CRCs with MSI-H. Liu et al.*! identified 1 case of
germline mutation in early-onset CRC showing MSI, but
the previously reported rates of detection of murations in
the MMR genes in early-onset CRCs were low.42-41 A
study of 31 patients younger than 35 years of age and not
fulfilling the Amsterdam minimum criteria, in which
MSI was exhibited in 18 cases (58%), was also reported. 3
Twelve of those cases were evaluated for alterations of
MMR genes, and 5 (42%) were found to harbor germline
murations of either hMSH2 or hMLH1. Germline mu-
tations of MMR genes might account for a part of
early-onset CRCs, and some of them are suspected to be
de novo mutations.

In our analysis of 30 sporadic cases, we detected 3
cases of germline murations of the MMR genes (data not
shown), wheteas no germline mutations of hMSH2 or
hMLH1 were detected in analyses of the 4 patients
described here. Genomic disorganizations such as large
deletions ot duplications of the MMR genes have been
thought to occur in a considerable proportion of HNPCC
cases. 647 Previously, we reported 2 cases of genomic
deletion and 1 case of partial duplication of the hMLH1
gene that were detected by using long RT-PCR from
puromycin-treated samples, and this method is sensitive
enough to screen large genomic disorganizations of the
MMR genes.?® Recently, several genes were reported to
be involved in familial predisposition to CRC.#8-%0 Ip
the case of hMSHG, many of the mutation carriers de-
velop carcinomas of the distal colon and endometrium,
and analysis of tumor tissues showed that half of them
were MSI-negative. %8 As for MYH, the mutation carriers
showed autosomal recessive inheritance, whereas their
phenotypes were characterized by the presence of multi-
ple colorectal adenomas.*®%° The clinical characreristics
of our cases seem to be incompatible with mutations of
these 2 genes.

In case H166, biallelic inactivation of the hMLH1
gene in colon cancer was caused by an LOH of the
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unmethylared allele (Figure 3). Gazzoli et al.?? reported
that biallelic inactivation resulted in loss of hMLH1
protein expression in the tumor and suggested a novel
mode of germline inactivation of a cancer susceptibility
gene. These results were inconsistent with out previous
study showing that allelic loss of the hMLH1 locus was
infrequent, and methylation was biallelic in the majority
of the ordinary MSI-H sporadic CRCs.?” All of the 4
cases examined here were postoperative, and it remains
unclear when the methylation of the hMLH gene oc-
cusred.

In case H166, the patient developed ascending colon
cancer at the age of 38 years and endometrial cancer at
the age of 44 years. In case H628, the patient developed
descending colon cancer at the age of 17 years and
ascending colon cancer at the age of 29 years (Table 1).
In retrospective analysis, MSI-positive sporadic CRC
patients have been reported to be at risk for devel-
oping extracolonic cancers and metachronous multiple
CRCs.51-54 Full methylation of the hMLH1 promoter
region in PBLs might have a significant influence on the
carcinogenesis of these multiple primary cancers and
might be a potent diagnostic marker for identifying
individuals at high risk of developing cancer.

In conclusion, we have tentatively identified a rare
group of patients who have the MSI-H phenotype, show
early-onset colon cancers without a family history of
CRC, and exhibit extensive but hemiallelic methylation
of the hMLH1 promoter region in PBLs and other nor-
mal tissues.
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complication, despite the repeat MRI showing a small residual
tumour.
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Gross total surgical removal
of malignant glioma from the
medulla oblongata: report of
two adult cases with
reference to surgical
anatomy
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Summary Surgery was performed on the medulla oblongata of two
adult patients with mafignant glioma. Gross total resection of the
tumors, located Jaterally or medially in the upper half of the medulla
respectively, was achieved. The patient with the medially located
lumer experienced significant postoperative neurological deteriora-
tion including sleep apnea. The other patient with the laterally lo-
cated tumor showad symptomatic impravement without respiratory
complications. The patient with an anaplastic astrocytoma survived
approximately 4 years and the patient with a glioblastorna multiforme
approximately 2 years. Although the upper half of the medulla is
more critical than the lower half, a lateral approach to the upper half
of the medulla appears to be relatively safer than a medial approach.
Some cases of focal malignant gliomas in the medulla may be
amenable 1o gross total resection in order to achieva improved
outcorne. Surgery can be undertaken when a tumor is unilateral
and its margin appears relatively clear on magnetic resonance
images.
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INTRODUCTION

Intra-axial brainstem lesions can mow usually be treated more
safely than before due to recent improvements in neuroradiclog-
ical and intracperative technologies.!® However, direct surgery
on the medulla oblongata is still potentially hazardous due to the
fact that the medulla oblongata contains the autonomic centers of
most important vital functions. Damage to these structures is
likely to result in significant morbidity and mortality. Certain
subgroups of brainstem gliomas, mainly in paediatric patients,
have recently been treated successfully by aggressive surgical
intervention.!***26 However, malignant brainstem gliomas are

Joumal of Clinical Neuroscience (2004) 11(1)
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generally considered to be inoperable, because their prognosis is
so poor and not improved by surgical intervention, even radical
removal 31112192028 Very few paediatic cases of malignant
gliomas of the medulla oblongata that were subjected to radi-
cal resection with poor outcome, have been reported.'** This
report concerns 2 adult patients that underwent gross total
removal.

MATERIALS AND METHODS
Case 1

A 42-year-old man presented with a 2-year history of hoarseness
of voice was admitted. He had a 3 month history of nansea and
dizziness followed by swallowing difficulty. On admission, he
complained of hiccups. Neurological examination revealed a mild
left facial and left lower cranial nerve paresis. This was mani-
fested by sternocleidomastoid muscle weakness, Joss of gag re-
flex, uvula deviation, curtain sign, hoarseness of voice, difficulty
in swallowing and tongue deviation with muscle atrophy. In ad-
dition he had left cerebellar signs with gait disturbance and nys-
tagraus, Preoperative magnetic resonance (MR) imaging revealed
a heterogencously enhancing tumnor with a cystic component in
the left side of the medulla oblongata (Fig. 1, upper).

Via a suboccipital craniectomy with Cl laminectomy, the
medulla oblongata was exposed with minimal splitting of the
vermis. The medulla oblongata was seen to bulge on the left side
due to a tumor located just beneath the medullary surface (Fig. 2,
left). A medublary incision was made approximately § mm lat-
eral to the median sulcus of the fourth ventricular floor and the
critical medial side was first dissected by retracting the tumor
laterally with a two-pronged hook after aspiration of the cyst
fluid, The tumor was then removed together with overlying
brainstem tissue (Fig. 2, right). The resection margin obtained
was relatively clear and the emerging zones of the lower cranial

striae medullares

Fig. 2 Intraoperative schematic drawing via a suboccipital approach with the
patient in the prone posttion (case 1). Left: the tumour is located intra-axially n
the lateral part of the upper half of the madutla oblongata. Right: A
macroscoplc total resection of the tumnuor including the overlying meduliary
tissue was achieved. PICA = posterior inferior cerebellar artery.

nerves were not affected by the tumor-the vital signs and so-
matosensory evoked potentials did not show marked change
intraoperatively.

Postoperatively, the patient showed temporary worsening of
his swallowing disturbance requiring a tracheostomy for 3 months.
All sensory modalities remained intact and the symptoms and
signs gradnally improved. Histopathology revealed an anaplastic
astrocyloma {astrocytoma grade 3) (Fig. 3, left). Postoperative
MR irmaging showed no residual tumor. After subsequent adjuvant
iradiation and chemotherapy the patient was discharged with
residual hoarseness of voice but without any compromise in his
activities of daily living allowing him to return to work. Follow-up
MR imaging 2 years and 3 months postoperatively revealed no
tumnor recurrence (Fig. 1, middle). However, MR imaging 3 years
and 5 months postoperatively revealed tumor recurrence at a site
distant from the resection cavity (Fig. 1, lower) although the pa-
tient's neurclogical status had not altered. The patient died 3 years

Fig. 1 Pre- and postoperative enhanced MR imaging {case 1). Upper: preoperative MR images revealing a heterogeneously ephanced cystic tumor
with a relatively clear margin in the madulla cblongata on the left side. Middle: MR images 2 years and 3 months postoperatively showing no tumor
recurrence. Lower: MR images 3 years and 5 months postoperatively showing tumor recumence alt a site distant from ths tumor-removed cavity.
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Fig. 3 Pathological findings (H&E}. Original magnification 66x. Left (case 1): showing relative high cellularity of small spindle-shaped cells with
vascular proliferation referred to as anaplastic astrocytoma (astrocytoma grade 3). Right (case 2): showing perivascular proliferation of round celis and
their areas of high cellulasity defined as glioblastomas; uther specimens showing necrotic or hemorrhagic areas.

and & months postoperatively with reasonable quality of life until
the final 4 months.

Case 2

A 55-year-old man with a 10-month history of voice hoarseness
had been complaining of a progressive 2 month history of hic-
cups, vomiting, unsteady gait, difficulty in swallowing and
clumsiness of the left hand. An MR image taken at another
hospital one month before admission revealed a mass in the
medulla oblongata.

On examination the patient had hypoalgesia of the right side of
the face and slight bilateral hearing disturbance predominantly on
the left hand side. The left lower cranial nerves palsy was mani-

fested by uvular deviation, curtain sign, vocal cord palsy with a
normal gag reflex, hoarseness and difficulty swallowing. He also
had left cerebellar signs. Preoperative MR imaging revealed an
enhancing mass with a relatively unclear margin in the left side of
the medulla oblongata (Fig. 4, upper). Nine days prior to surgery
he underwent a tracheostomy due to progressive difficulty with
swallowing and frequent aspiration pneumonia,

Via a suboccipital craniectomy with Cl laminectomy the
medulla oblongata was exposed without splitting the vermis. The
tumor protruded from the floor of the fourth ventricle at the level
of the medulla oblongata on the left (Fig. 5, left). The medial side
of the tumor was first dissected from the floor. The tumor was
then dissected from the surrounding brain tissue circumferentially.
A dissection plane was then identified based on the colour and

Flg. 4 Pre- and postoperative enhanced MR Imaging (case 2), Upper. preoperalive MR images revealing a well-enhanced mass with an irregular
and relatively unclear margin in the madulla oblongata on the left side. Tha image shown on the /elt is not enhanced, Middle: MR images 1 year and
2 months posteperatively showing no tumor recumence. Lower: MR images 1 year and B months postaperatively showing a disseminated turmor in the

third ventricle without tumor recurrance In tha original area.

© 2003 Elsevier Ltd. All rights reserved.

Journal of Clinical Neuroscience (2004) 11(1}



78 Kyoshima et al.

Fig. 5 Intracparative schematic drawing (case 2). Left: The tumor protrudes
from the fioor of the fourth ventricke, and its intra-axial pant is situated in the
medial part of the upper half of the medulla oblongata. Right: Macroscopically,
a total resection of the tumor was achieved. PICA = posterior inferior
cerebellar artery.

hardness of the tumor and extended deeper. Care was taken not to
retract the surrounding brain tissue. The main mass, located under
medullary tissue, was undermined with a retraction-dissection
method using a small spoon retractor. The intra-axial part of the
tumor, where the mor margin was relatively clear, was finally
removed resulting in resection of the vagal and greater part of the
hypoglossal triangles (Fig. 5, right}. Intraoperatively, the patient
experienced an episode of hypertension and reduced response of
somatosensory evoked potentials. Transient disappearance of po-
tentials was observed several times but they recovered by pausing
the surgical procedure,

Postoperatively, the patient’s swallowing difficulty deterio-
rated with ataxic gait, loss of gag reflex bilaterally, deterioration
of hypoglossal function and sleep apnea for the first two days.
However, sensation was well preserved, and even though, the
hypoglossal nucleus had been almost completely removed, hy-
poglossal function was not totally compromised. Histopathology
confirmed glioblastoma multiforme (Fig. 3, right). Postoperative
MR imaging showed no tumor. Radiation therapy and chemo-
therapy were subsequently performed and a laryngectomy was
performed 4 months later to treat severe swallowing disturbance.
The patient was discharged with a tracheostomy and a gait dis-
turbance persisted but he was able to walk with the aid of a stick.
Oral intake was also possible and slecp apnea occurred occa-
sionally. Follow-up MR imaging 1 year and 2 months postoper-
atively showed no tumor recurrence (Fig. 4, middle). However, 1
year and 8§ months postoperatively, MR imaging revealed tumor
recurrence in the third ventricle (Fig. 4, lower). This was irradi-
ated with an X-knife. The patient died 2 years and 3 months

postoperatively. His neurological condition remained stable until
1 year and 10 months postoperatively.

RESULTS

We achieved gross total removal of malignant gliomas in the
medulla oblongata in two adults using an operating microscope.
We did not use a laser or a Cavitron ultrasonic surgical aspirator.
Patient 1 had an intrinsic (intra-axial) anaplastic astrocytoma lo-
cated laterally in the upper half of the medulla oblongata and
patient 2 had an exophytic glioblastoma, the main component of
which was located medially within the upper medulla oblongata
(Figs. 2, 5 and 6, right). Postoperatively, patient 1 showed
symptomatic improvement but temporary worsening of dysphagia,
while patient 2 showed neurological worsening and remained
severely dysphagic with gait difficulties and sleep apnea. The
postoperative survival of the patient with the anaplastic astrocy-
toma was 3 years and 9 months and the patient with the glio-
blastorna multiforme 2 years and 3 months. The recurrence-free
period, based on MR imaging was at least 27 months for patient 1
and 14 months for patient 2. The recurrent masses were first noted
at sites distant from the initial tumour location. The tumours
progressed rapidly after recurrence and patients 1 and 2 both died
4 and 7 months later respectively. Patient 2 showed intraoperative
disruption of somatosensory evoked potentials but no marked
postoperative sensory impajrment. The tumor tissue was distin-
guishable from adjacent brain tissue by its gray appearance and a
distinct dissection plane defining the tumor borders was noted.

DISCUSSION

Brainstem gliomas are less common in adults than in children and
their prognosis is generally poor. The majority of brainstem gli-
omas in both adults and children, arise predominantly in the pons
and less often in the medulla oblongata '*132%32 Although some
patients have a better prognosis and survive for more than several
years, 11316303538 for the majority of patients the prognosis is
generally poor.?162429343639-43 guch patients rarely survive more
than 2 years after diagnosis,39-1h1316.1821.8436842.4435 Previgusly,
brainstem gliomas were considered inoperable because of their
infiltrative behavior and critical location. Recently, however,
many authors have emphasized that some subgroups, such as
dorsally exophytic or surface brainstem gliomas, ®115.16.18-10:2223
and focal intrinsic gliomas,™'? especially of the cervicomedullary
junction®™ and the midbrain'®#%* are amenable to surgical re-

MLF  Medial lemniscuns

Fig. 6 Surgical anatomy and tumar location. Left: showing schematic 3-dimensional topography of intemal structures of the medufla oblongata from

a dorsal view. Note that important neursd structures are densely located in the upper half of the medulla oblongata. The strias medullares run acress the floor
of the fourth ventricle roughly bordering the pons and medulla eblongata, The dorsal vagal and hypoglossal nuclel are situated under the posterior surface
near the midling, tha nucleus of the solitary tract is located anterclaterally to the dorsal vagal nucleus, the ambiguous nucleus Is located further anterolaterally
to the nucleus of tha solitary tract, and the inferior olivary nucieus is located poasterolaterally to the pyramidal tract and laterally to the medial lemniscus as wall as
anteromadially to the ambiguous nucleus, Ambiguus = nuclews ambiguus {ambiguous nucleus), cuneatus =nucleus cunaatus, graciiis =nucleus gracilis,
hypoglossal =nucleus of the hypoglossal nerve (hypoglossal nucleus), inf. oliv, =inferior olivary nucleus, MLF = medial longitudinal fascicle, solitary = nucteus

of solitary tract, vagus = dorsal nucieus of the vagus nerva (dorsal vagal nucleus). Right: showing tumor location in the upper half of the medulla oblongata

incases 1and 2.
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