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ABSTRACT

We examined the expression of glial- and neuronal-specific mRNAs
within human gliomas using in situ hybridization. We found that low
grade astrocytomas contained a high number of proteolipid protein (PLP)
mRNA-positive cells and that the number of PLP-stained cells decreased
markedly with increasing tumor grade. Interestingly, the ratio of' PLP
mRNA-stained cells:myelin basic protein (MBP) mRNA-stained cells in
normal white matter and low-grade astrocytoma was about 2:1 but ap
preached 1 :1 with increasing tumor grade.

This parameter appeared to be a good indicator of tumor infiltration in
astrocytomas, so we tested this in the analysis of other gliomas. Unlike
astrocytomas, oligodendrogliomas were found consistently to contain few
PLP mRNA- or MBP mRNA-expressing cells. In contrast, gemistocytic
astrocytomas, typically highly invasive tumors, contained high numbers of
PLP-posifive cells and a ratio of PLP mRNA:MBP mRNA-stained cells of
about 1.5:1, similar to low-grade astrocytomas.

Nonradioactive in situ hybridization also enabled the morphological

identification of specific cells. For example, gemistocytic astrocytes, which
were found to be strongly vimentin mRNA positive, contained little glial
fibrillary acidic protein mRNA and did not stain for PLP or MBP
mRNAs. Neuronal mRNAs, such as neurofflament 68, were observed in

small numbers of entrapped neurons within gliomas but were uninforma
tive with respect to predicting tumor grade. Our results suggest that
oligodendrocytes survive low-grade tumor infiltration and that glial tu
mor cells, unlike cell lines derived from them, do not express oligoden
drocyte or neuronal mRNAs. In addition, the expression of mRNAs for the

two major myelin protein genes, PLP and MBP, could be used to predict
the grade and extent of tumor infiltration in astrocytomas.

INTRODUCTION

Glial tumors are the most common primary tumors in the central
nervous system. Although the incidence of brain tumors is increasing
in the general population, the average survival for patients with

gliomas has not changed appreciably in decades (1, 2). This is due
primarily to the aggressive nature of glial neoplasms and the relative
lack of success in multimodal therapy. In addition, many molecular
and biological characteristics of glial tumors remain unexplored, and
questions regarding the cell of origin and the biology of tumor
progression remain unanswered. Clearly, a better defined understand
ing of the genesis, infiltration and progression of glial tumors would
aid in tumor prognosis and treatment.

The histopathological classification of glial tumors has been essen
tial in assessing clinical aspects of glioma behavior. However, histo
logical grading schemes have contributed little to an understanding of
the biological basis of gliomas. More recent analysis of the genetic
and molecular aspects of glial tumors has provided some clues re
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garding the specific biological events that lead to the development and
transformation of glial cells. Mutation or deletion of the tumor sup
pressor gene p13, for example, appears to be an early event in the
production of some astrocytic neoplasms (3, 4). The loss of hetero
geneity at a number of other loci suggests that the deletions of specific
tumor suppressor genes are important for the progression of astrocytic
neoplasms (5). The amplification of genes such as the epidermal
growth factor receptor gene is also a contributing factor in the pro
gression of gliomas (6â€”8).Other factors involved in the development
of glioma tumorigenicity have been elucidated recently and include
growth factors, such as platelet-derived growth factor, and angiogenic
factors, such as vascular endothelial growth factor (9â€”i1).

A number of features of gliomas distinguish them from other
neoplasms. First, gliomas are highly invasive within the central nerv
ous system but are unique in that metastasis is extremely rare (12, 13).
Unlike other solid tumors, intact basement membrane is maintained in
even the most malignant gliomas (14). Furthermore, the propensity of
many astrocytic tumors to develop in white mauer regions, which are
known to impede process extension and cell movement (15), suggests
that a clearer molecular and histopathological analysis of tumor pro
gression may lead to a better understanding of these tumors.

We have previously examined glial and neuronal cell lines derived
from neural tumors and found the expression of markers not normally
found in the presumptive cell of origin (16, 17). For example, cell
lines derived from astrocytoma were found to express mRNA for the
mature oligodendrocyte protein PLP@and the neuronal marker NF-L.
We were interested in determining whether glial tumors express a
profile of markers similar to their cell line counterparts. To this end,
we used a nonradioactive in situ hybridization approach that permitted
the specific recognition of target mRNAs and that was fast and
relatively easy. Our results indicate that the expression of specific
mRNAs such as PLP and MBP change in a predictable way given the
grade of astrocytoma. In addition, the pattern of mRNA expression of
oligodendrocyte markers can be used to predict the level of tumor
infiltration and therefore, possibly, the invasive nature of the tumor.
Interestingly, the glial tumor cells did not express oligodendrocytic or
neuronal mRNAs, unlike cell lines derived from similar tumors.

MATERIALS AND METHODS

Probes. The cDNA inserts that were used to generate antisense cRNA
probes for in situ hybridization included a 3.0-kb human GFAP cDNA insert
(18) in pGEM3Z transcribed with Ti polymerase (Promega, Madison, WI), a
2.5-kb human vimentin cDNA insert (17) in pGEMI1Zf transcribed with SP6
polymerase, a 1.0-kb human MBP cDNA insert (19) in pGEM-3 transcribed
with Ti polymerase, a 1.0-kb human PLP cDNA insert (20) in pBluescript II
5K transcribed with 11 polymerase, a 1.5-kbhuman cytokeratin 18 insert (21)
in pGEM1 transcribed with T7 polymerase, and a 1.45-kb human NF-L insert

(22) in pBS (Stratagene, La Jolla, CA) transcribed with T7 polymerase.

3 The abbreviations used are: PLP, proteolipid protein; GFAP, glial fibrillary acidic

protein; MBP, myelin basic protein; NF-L, neurofilament 68; DIG, digoxigenin; GBM,
glioblastoma multiforme; P:M ratio, ratio of PLP mRNA-expressing celis:MBP mRNA
expressing cells.
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OLIGODENDROCYTEmRNAs IN GLIOMAS

Riboprobes were prepared by in vitro transcription using DIG-labeled UTP as
described previously (23).

Tissue Preparation. Immediately following surgery, human gliomas were
placed in formalin [10% formaldehyde in 75 mM sodium phosphate (pH 7.2)1

for 7 days at 4Â°Cand processed to paraffin by standard procedures. Seven-@.tm
sections were cut using standard microtome techniques, collected onto Super

frost Plus microscope slides (Fisher Scientific, Pittsburgh, PA), and dried
overnight at 42Â°C.Tissue sections were stored at room temperature until use.
In some cases, slides prepared in this fashion were sent to us.

The grading of astrocytomas was based on the scheme of the WHO (24) and
Daumas-Duport et aL (25). The separation of low-grade gliomas from the more
common mixed oligoastrocytomas was based on established diagnostic fea
tures. Similarly, we selected low-grade oligodendrogliomas that did not have
mixed features, although, as with most of these tumors, a minor, variable
GFAP-reactive component was sometimes present. All low-grade astrocyto
mas (grades 1 and 2) were cerebral or cerebellar lesions from patients between
24 and 45 years. High-grade astocytomas (including anaplastic astrocytomas

and glioblastomas) were cerebral neoplasms, with patient age ranging from 56
to 72 years.

In Situ Hybridization Histochemistry. The in situ hybridization protocol
was essentially the same as described previously (23). Briefly, sections were
dewaxed and preincubated in HCI followed by proteinase K. Following pre
hybridization, sections were hybridized overnight at 50Â°Cin 75 @.dof hybrid
ization solution (23) containing 150 ng of DIG-labeled riboprobe. Following
hybridization and RNase incubation, slides were washed at a final stringency

of 75 miss NaC1, 7.5 mM sodium citrate (pH 7.0) at 60Â°C for 1 h. Slides were

then incubated with anti-DIG antibody conjugated to alkaline phosphatase and
processed for color development exactly as described in the manufacturer's

instructions (Boehringer Mannheim, Indianapolis, IN). Slides were mounted
using Aquamount aqueous mounting medium (Lerner Laboratories, Pittsburgh,
PA). The specificity of the hybridizationreactionwas determinedby hybrid
izing the tissue sections with the corresponding sense probe in each case.

Data for each tumor represent three sections processed in at least two

separate experiments. To obtain an approximation of the percentage of cells
expressing a particular mRNA, the number of mR.NA-containingcells was
divided by the total number of cells as determined by H&E staining. For
counting purposes, a graticule of 1 mm2 divided into 100 equal squares was
counted using 250 x magnification. Three separate graticule fields were
matched on adjacent sections hybridized with different probes. We avoided
margins of tumors where infiltration with normal brain tissue was evident.
Three or four individual tumors were examined for each tumor grade and

Fig. 1. GFAP mRNA is expressed in all grades
of astrocytoma.A, in situhybridizationusinganti
sense cRNA probe revealed stain corresponding to
GFAP mRNA within the processes (arrows) of
reactive astrocytes in low-grade astrocytoma. B,
process staining was less evident in higher-grade
tumors, although cell bodies were intensely stained
(arrowheads) and a punctate, mottled staining pat
tern was evident throughout the tissue. C. in high
grade tumors, deeply stained cells (arrows) were
oftenfoundnearunstained,nonnecroticareas.D,in
GBM, numerousGFAP mRNA-stainedcells were
oftenfoundaroundlarge,hyalinizedbloodvessels
(HI'), as depicted at low magnification. Bars: A. 30
@un;B,35prn;C,40@sm;D, 130pm.

type, except for high-grade oligodendroglioma, in which two tumors were

examined.

RESULTS

Our previous studies in human tumor cell lines (16, 17) suggested
that some conventional mRNA markers of neuronal and glial cells
might be useful in the histological analysis of human glial tumors. We
therefore examined the expression of these â€œstandardâ€•neural markers
in glial tumors of various grades. The in situ hybridization technique
that we used enabled both a rapid analysis of tumor tissue as well as
cell-specific localization of target mRNA. The tumors that were
analyzed represent a spectrum of adult astrocytomas and oligoden
drogliomas.

The Intermediate Filament Protein mRNAs of GFAP and Vi
mentin Are Expressed in All Grades of Astrocytoma. We initially
screened astrocytomas with antisense RNA probes to common immu
nological markers of glial tumors such as GFAP and vimentin and to
intermediate filament proteins in the cytokeratin and neurofilament
family. The structural similarity between intermediate filament pro
teins has raised some concerns regarding the possible cross-reactivity
between immunological reagents (26). In situ hybridization allows a
higher degree of specificity because of the ability to select nonho
mologous, specific sequences as probes and to control hybridization
stringency.

GFAP mRNA was present in all astrocytic tumors that were ana
lyzed and proved to be a consistent marker of this tumor type in
agreement with immunocytochemical studies of GFAP (27, 28). How
ever, there was no apparent correlation of GFAP mRNA expression
with tumor grade. In tissue sparcely infiltrated by tumor, cells were
found to contain GFAP mRNA throughout somas and processes (Fig.
1A, arrows). These cells resembled reactive astrocytes stained for
GFAP and highlighted the transport of GFAP mRNA into astroglial
processes. In adult low-grade astrocytoma (grades 1 and 2), stain
corresponding to GFAP mRNA was present in a punctate, mottled
pattern with cell somas staining deeply (Fig. 1B, arrowheads) but
processes remaining apparently unstained. In high-grade astrocytomas
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OLIGODENDROCYTEmRNAs IN GLIOMAS

examined sections of astrocytomas for the expression of mRNAs for
a number of intermediate filament genes, including the neuronal
markers NF-L (Mr 68,000) and NF-M (Mr 150,000). Stain correspond
ing to NF-L mRNA, for example, was evident in cells throughout
normal human gray matter (Fig. 3A). We also examined all grades of
astrocytomas and oligodendrogliomas with neuronal probes and found
either no staining or only a small number of positive cells (Fig. 3B).
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Fig. 2. Vimentin nIRNA is found primarily within the cytoplasm of cells, including
gemistocytic astrocytes, in astrocytoma. A, tumor sections from grade III astrocytoma that
were hybridized with vimentin cRNA probe revealed large stained cells with abundant
cytoplasmic volumes. B, gemistocytic astrocytes (arrows) within astrocytoma also con
tamed vimentin mRNA. Note the eccentric nucleus typical of these cells. Bar, 20 pm (A
and B).

,

B(grades 3 and 4), cells expressing GFAP mRNA were often confined
to specific regions of the tumor. Areas containing intensely stained
cells (Fig. 1C, arrows) were often found adjacent to areas containing
cells that did not express GFAP. In GBM, there was often intense
expression of GFAP mRNA in cells directly surrounding large, hya
linized blood vessels, a low magnification micrograph of which is
shown in Fig. ID, HV.

Vimentin mRNA was also expressed in virtually all astrocytomas
examined. Like GFAP, an increase in the intensity and number of
stained cells compared to normal brain was evident in even the
lowest-grade adult astrocytomas and surrounding regions. Vimentin
mRNA-containing cells in astrocytomas were often large, with a high
cytoplasmic volume (Fig. 2A). In addition, the large cell bodies of
gemistocytic astrocytes were often found to stain deeply for vimentin
mRNA in gliomas that contained them (Fig. 2B, arrows) in contrast to
weak and variable GFAP mRNA positivity in these cells. No cone
lation between levels of vimentin mRNA expression and tumor grade
was evident.

Neurofilament and Cytokeratin mRNAs Are Not Expressed in
Astrocytoma. We have previously observed the expression of other

members of the intermediate filament family of genes in cell lines
derived from human astrocytoma. To determine whether expression of
these markers could be useful in an analysis of human glial tumors, we
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Fig. 3. NF-L is expressed within neurons of normal tissue and in trapped neurons of

low-grade astrocytoma. A, probe to NF-L mRNA-stained neurons in normal human brain.
Note the clear cellular morphology revealed by the stain. B, sections from anaplastic
astrocytoma hybridized to NF-L identified only single trapped neurons. C, sections from
glioblastoma hybridized with cytokeratin 18 did not stain above background levels. Bar,
30 pm (Aâ€”C).
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Fig. 4. PLP and MBP mRNA are expressed
within low- and medium-gradeastrocytoma.A,
section from grade 2 astrocytoma hybridized with
antisense probe to PLP. Note the high staining
intensityand perinucleardistributionof the label.
B, a section from a high-grade tumor (GBM)
probed for PLP mRNA. C, adjacent section to that
shown in A hybridized with antisense MBP cRNA
probe. Note the punctate distribution of stain
throughoutthe tissueandbetweenstainedcell so
mas. D and E. sections from normal white matter
hybridized with PLP (D) or MBP (E) probe. Bar,
30 pm (A-E).

cells accounting for 60â€”70%of total cells as determined by H&E
staining (Fig. 5). In addition, whereas PLP mRNA was confined to the
perinuclear cytoplasm of stained cells (Fig. 4D), stain corresponding
to MBP mRNA was evident in cell somas and surrounding tissue in a
punctate distribution pattern (Fig. 4E) consistent with the dispersion
of MBP mRNA within oligodendrocyte processes (23, 29, 30).

Low-grade astrocytomas were also found to have a P:M ratio of greater
than 1:1 (Fig. 5). However, the percentage of stained cells was less than
that found in normal white matter and probably reflects infiltration by
tumor cells. In more malignant astrocytic tumors, the percentage of PLP
and MBP mRNA-stained cells decreased dramatically relative to the total
cell population, and the P:M ratio approached 1:1. Two parameters,
therefore, changed with increasing grade of astrocytoma. The total num
ber of cells containing PLP mRNA and MBP mRNA decreased and the
P:M ratio decreased and approached 1:1.

Oligodendrocytic mRNAs Are Not Expressed in Oligodendro
glioma. Interestingly, low-grade oligodendrogliomas were found to
contain few PLP mRNA or MBP mRNA-expressing cells, in contrast
to low-grade astrocytomas. PLP- and MBP-expressing cells probably
corresponded to a residual oligodendrocyte population, because my
elinated axonal fibers in the process of degeneration were identified
within their vicinity. Fig. 6A shows a Klilver-Barre-stained tumor
section containing axonal fibers (arrows). In adjacent sections hybrid
ized with probe to PLP, a small subpopulation of stained cells was
identified (Fig. 6B). That these cells correspond to residual oligoden
drocytes was suggested by the presence of MBP mR.NA along the
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These cells appear to correspond to trapped neurons in tissue infil
trated by tumor. These neuronal markers, therefore, were uninforma
five in discriminating among tumor grades.

Gliomas also did not stain with cRNA probes to cytokeratin 18 (Fig.
30 ortocytokeratin7or8(datanotshown),incontrasttoourprevious
experiments with glial cell lines derived from human gliomas (16).

Expression of Oligodendrocyte mRNAs In Astrocytic Tumors.
To determine whether oligodendrocyte markers are expressed in hu
man glial tumors, we examined astrocytomas for the expression of
these genes. The most striking finding from this analysis was the
relatively high proportion of cells in low- and medium-grade astro
cytoma that expressed mRNA for the mature oligodendrocyte marker
PLP (Fig. 4A). The number of PLP mRNA-positive cells decreased
markedly with progressing tumor grade, and few stained cells were
identified in high-grade lesions such as glioblastoma (Fig. 4B).

To determine whether the cell population that contained PLP
mRNA represented a neoplastic cell or a residual oligodendroglial
population, we hybridized adjacent sections of tumor with probe to
MBP mRNA. We found that all tumors that contained PLP mRNA
positive cells also contained cells that stained for MBP mRNA (Fig.
4C). The ratio of PLP mRNA to MBP mRNA stained cells, however,
differed depending on grade and tumor morphology. We therefore
examined normal white matter regions to determine the standard cell
density and staining pattern of both PLP and MBP mRNA. We also
determined the P:M ratio. In all normal white matter tissue samples,
the P:M ratio was close to 2:1, with the number of PLP mRNA-stained
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OLIGODENDROCYTEmRNAs IN GLIOMAS

addition, a relatively high number of PLP mRNA-positive cells were
evident within these tumors and unstained gemistocytic astrocytes
(Fig. 8B, arrow) were identified adjacent to PLP-stained cells (Fig.
8B, arrowheads). In addition, in any given field, the number of
MBP-stained cells was always less than the number of PLP-stained
cells, in a proportion similar to those of normal tissue and low-grade
gliomas (compare Figs. 5 and 7). These results suggested that the
infiltrative component of this tumor was less disruptive to oligoden
drocytes than the general cellular histology might imply.

To determine the influence of tumor infiltration on oligodendro
cytes and their associated processes within gemistocytic astrocytoma,
we stained sections of tumor with KlUver-Barre stain (which stains
myelinated axons) to determine the extent of axonal degeneration. As
shown in Fig. 8C, KlÃ¼ver-stained fibers (Fig. 8C, arrows) were
evident throughout tumor tissue, although their appearance suggested
fiber tract degeneration. When sections of gemistocytic astrocytoma
were hybridized with probe to MBP, axonal fibers were also found to
stain for MBP mRNA (Fig. 8D, arrowheads). Because MBP mRNA
is present within the myelin sheath, these axons appear still to be
myelinated and again suggest incomplete disruption of the infiltrated
parenchyma.

DISCUSSION

The expression of nonastrocytic genes in cell lines derived from
human astrocytoma suggest that the transformation of astrocytes may
induce the ectopic expression of neuronal and/or â€œnonastrocyticâ€•glial
genes (16, 3 1). Similarly, some cell lines derived from oligodendro
glioma express genes generally associated with nonoligodendrocytic
cell types (17). Because of these in vitro findings, we wondered
whether these genes were expressed in human glial tumors and if so,
whether their expression patterns were influenced by tumor progres
sion. For these studies, we used nonradioactive in situ hybridization
with human cRNA probes and found this technique to be a good
method of marker identification because of the high specificity of
hybridization and the clear intracellular localization of mRNA for
proteins that are difficult to identify with immunological reagents
(e.g., PLP).

Of the glial and neuronal mRNAs that we analyzed, mature oligo
dendrocytic mRNAs were found to be the most consistent markers of
the progression of astrocytic neoplasms. The relative number of cells
that expressed oligodendrocyte mRNAs was high in low-grade astro
cytoma and decreased with increasing tumor grade. In contrast, few
PLP mRNA or MBP mRNA-positive cells were evident in even the
lowest-grade oligodendrogliomas, highlighting basic differences in
the cytological features of these two glial tumor types. Because most
astrocytic neoplasms originate in white matter, the presence of oligo
dendrocyte mRNA expression within astrocytoma probably reflects
the presence of a residual oligodendrocyte population. The lower
number of PLP- and MBP-stained cells in increasing grades of glial
tumor would therefore reflect infiltration and disruption of the normal
parenchyma by tumor. In the higher-grade, destructive tumors such as
GBM, few oligodendrocytes would be expected to survive within the
tumor mass and, in fact, few PLP mRNA or MBP mRNA-labeled
cells were found within high-grade tumors. We cannot rule out the
possibility, however, that the PLP- and MBP-stained cells represent a
neoplastic component of glial tumors. We think this possibility un
likely given the percentage of stained cells within tumor tissue and the
complete overlap between tumor tissue that contained PLP mRNA
and MBP mRNA. It is difficult, however, to definitively determine the
identity of these cells in infiltrated tumor, but further study will likely
confirm that these cells are residual oligodendrocytes.

The ratio of cells expressing PLP and MBP mRNA also changed
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Fig. 5. Proportion of cells expressing oligodendrocytic and astrocytic mRNA within
specific grades of astrocytoma. The percentage of cells expressing a specific mRNA was
determined for increasing grades of astrocytoma as well as for normal brain white matter.
A, comparison between the percentage of cells expressing PLP and MBP mRNA. Inset,
P:M ratio for normalwhite matterand the four gradesof astrocytoma.B. percentageof
cells expressing GFAP and vimentin (Vim) mRNA. The data were gathered and analyzed
as discussed in â€œMaterialsand Methods.â€• Data are means; bars, SD. *, statistically
significant differences between the number of PLP and MBP mRNA-stained cells;
P < 0.001.

length of some fibers (Fig. 6C, arrowheads) in sections hybridized
with MBP probe. Because MBP mRNA is present within the myelin
sheaths of oligodendrocyte processes, these fibers, although in the
process of degeneration, appear still to be myelinated. It is likely,
therefore, that PLP and MBP mRNA-stained cells within oligoden
drogliomas represent a residual oligodendrocyte population and not a
neoplastic component. Furthermore, few PLP or MBP mRNA-stained
cells were observed in high-grade oligodendrogliomas (Fig. 7).

Although few cells within oligodendrogliomas were found to ex
press either vimentin or GFAP mRNA, vimentin mRNA was strongly
expressed within epithelial cells of vascular regions in both low- and
high-grade oligodendroglioma (Fig. 6D).

Expression of Oligodendrocytic mRNAs in Gemistocytic Astro
cytoma Is Similar to Low-Grade Astrocytoma. We extended our
analysis to include gemistocytic astrocytomas, which are character
ized by numerous large eosinophilic cells containing single or multi
plc eccentric nuclei (Fig. 8A, arrows). These large gemistocytic as
trocytes were found to contain moderate to high amounts of vimentin
mRNA but not to stain, or to stain only weakly, for GFAP mRNA. In
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interestingly, the selective loss of cells that express high levels of PLP
mRNA but little or no MBP mRNA.

In previous studies, we examined astrocytoma-derived tumor cell lines
and found the expression of markers not normally found in the presump
tive cell of origin (16, 17). For example, PLP, NF-L, and cytokeratin 18
mRNA and proteins were identified in astrocytoma cell lines. In this
study, we did not find expression of NF-L or any other neuronal marker
within glial tumors except within a small number of trapped neurons
within low- and medium-grade gliomas. We also could not find expres
sion of cytokeratin 18 mRNA in any of the gliomas examined, although
cytokeratin 18 and 8 mRNA were expressed in a craniophaiyngioma
(data not shown). The expression of PLP, NF-L, and cytokeratin 18 in
cultured astrocytoma cell lines, therefore, is not a prominent feature of
astrocytomas in vivo and probably represents an artifact of survival under
in vitro conditions. However, because glial tumor cell lines are generated
by the clonal expansion of either a single or a few neoplastic cells, we
cannot rule out the presence of a small number of neoplastic cells
expressing these genes within astrocytomas.

The relatively high number of PLP mRNA/MBP mRNA-positive cells
in gemistocytic astrocytoma is consistent, on the one hand, with the
deceptively benign histological features of this tumor. Gemistocytic as
trocytes, which comprise 30â€”50%of the total cell population in these
tumors, appear to have little, if any, proliferative potential and are not
thought to contribute to the malignancy of the gemistocytic tumor (32,
33). The malignant nature of gemistocytic astrocytoma, which is equiv
alent to high-grade gliomas, is thought to lie within a complement of
small, poorly differentiated cells within the tumor known to be associated
with a high proliferative index (32, 33). It is not known whether these
cells correspond to the PLP mRNA/MBP mRNA-positive cells that we
have identified, but we think this possibility is unlikely, given our
observation that myelinated fibers are present in areas that contain a high
number of PLP- and MBP-stained cells as well as numerous gemistocytic
astrocytes. More likely, the PLP/MBP mRNA-containing cells corre
spond to residual oligodendrocytes and therefore suggest that the mfil
trated tissue may not be as adversely affected in this tumor, as would be
predicted by both the histological features of the tumor as well as its
highly malignant characteristics.
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Fig. 6. Few cells containing PLP or MBP
mRNA were identified in oligodendroglioma. A,
sectionsfromlow-gradeoligodendrogliomastained
with Khiver-Barre revealed axonal fibers (arrows)
in the process of degeneration. B, few cells con
taming PLP mRNA were evident within adjacent
sections hybridized with probe to PLP. C, in adja
cent sections stained for MBP mRNA, stain was
evident within the myelin sheath of axons (arrow
heads) in the vicinity of MBP mRNA-stained cell
bodies (arrows). D, sections of oligodendroglioma
hybridizedwith probe to vimentinrevealedin
tensely stained cells surrounding large, distended
bloodvessels.Bar, 30 pm (Aâ€”C)and70 pm (D).

with increasing grade of astrocytoma, from a ratio of close to 2: 1 (PLP
mRNA:MBP mRNA) in normal white matter to slightly higher than
1:1 in grade 2 astrocytoma. It is unclear whether the difference in the
number of PLP and MBP mRNA-staining cells in normal white matter
simply reflects differences in mRNA abundance or distribution or
whether there exits within adult nervous tissue an oligodendroglial
population that synthesizes PLP mRNA but not MBP mRNA, as has
been suggested (30). The change in the ratio of PLP mRNA- versus
MBP mRNA-stained cells as the grade of astrocytoma increases may
simply reflect better recognition of MBP mRNA or perhaps more
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Fig. 7. Proportion of cells expressing oligodendrocytic and astrocytic mRNA within
gemistocytic astrocytoma and different grades of oligodendroglioma. The percentage of
cells expressing a specific mRNA was determined as described in Fig. 5 and â€œMaterials
andMethods.â€•Dataare means;bars, SD.*, statisticallysignificantdifferencesbetween
the numberof PLPandMBPmRNA-stainedcells;P < 0.001.
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Fig. 8. Gemistocytic astrocytomas contain numer
ous cells that express PLP mRNA. A, section of gemis
tocytic astrocytoma stained with H&E. The numerous
largecells(arrows)witheccentricnucleiaregemisto
cytic astrocytes. B. an adjacent section hybridized with
PLP probe revealed a high number of cells that express
PLP mRNA (arrowheads). Note the unstained gemis
tocyte (arrow). C, in sections stained with lOuver
stain, numerous axonal fibers were evident (arrows).
D, an adjacent section hybridized with probe to MBP
revealed MBP mRNA within the myelin sheath sur
rounding these fibers (arrowheads). Bar. 25 p.m
(A-D).
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The influence of tumor infiltration on normal brain tissue is often
difficult to define clearly. We have determined two criteria that can be
used in assessing the influence of the neoplasm on the resident
oligodendroglial population: (a) the number of cells expressing PLP
mRNA and MBP mRNA decreases as the grade of astrocytoma

increases and (b) the P:M ratio (which is close to 2:1 in normal tissue)
decreases with increasing tumor grade and appears to be a good
molecular index of the grade of astrocytoma.
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