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Correlation of Myo-inositol Levels and Grading of
Cerebral Astrocytomas

Mauricio Castillo, J. Keith Smith, and Lester Kwock

BACKGROUND AND PURPOSE: In a limited number of patients, the level of myo-inositol
(M1), as seen by proton magnetic resonance spectroscopy (HMRS), has been shown to differ
for gliomas of different histologic grades. We sought to determine if M1 levels correlate with
cerebral astrocytoma grade.

METHODS: Five control subjects, 14 patients with low-grade astrocytoma, 10 patients with
anaplastic astrocytoma, and 10 patients with glioblastoma multiforme (GBM) underwent single-
volume HMRS with an echo time of 20 ms. Twenty-five patients had received surgery, chemo-
therapy, and/or radiation therapy previoudy. Using the curvefitting program supplied by the
manufacturer, peak areas for n-acetyl aspartate (NAA), choline (Cho), and M| were normalized
with respect to the peak area of creatine (Cr). Ratios for MI/Cr, Cho/Cr, and NAA/Cr were
obtained for each lesion and retrospectively compared with the histologic grade of the lesion.

RESULTS: Levels of MI/Cr were higher (0.82 = 0.25) in patients with low-grade astrocy-
toma, intermediate (0.49 = 0.07) in control subjects, and lower in patients with anaplastic
astrocytoma (0.33 = 0.16) and GBM (0.15 + 0.12).

CONCLUSION: Our study shows a trend toward lower MI levels in the presence of ana-
plastic astrocytomas and GBMs compared with those of low-grade astrocytomas. M| levels

may have implicationsin the grading of cerebral astrocytomas.

Myo-inositol (MI), amolecule that is located within
astrocytes, is presumed to act as an osmolyte, and
its concentration is altered in many brain disorders
(1. Ml isaso involved in the activation of protein
C kinase. Protein C kinase leads to production of
proteolytic enzymes, which are found more often
in malignant and aggressive primary cerebral tu-
mors. Thus, the levels of MI, as seen by proton
magnetic resonance spectroscopy (HMRS), may be
helpful for predicting the histologic grade of brain
tumors (2—4). It is known that high levels of cho-
line suggest increased cellularity or cell turnover
(5). Although most highly malignant tumors have
increased levels of choline (Cho), these may aso
be seen in highly cellular but histologically benign
tumors. Malignant tumors also demonstrate the
presence of lipids and lactate, but these metabolites
are also present in tumors previously treated, re-
gardless of their histologic grade (5).

We sought to determine if MI levels correlate with
the histologic grade of cerebral astrocytic tumors.
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M ethods

Using a 1.5-T MR imaging unit, we performed HMRS in
39 individuals. All HMRS studies were obtained using a sin-
gle-voxel technique, and in patients with tumors, studies cen-
tered on the region previously noted to correspond to maxi-
mum contrast enhancement, but during a noncontrast study
obtained 24 hours after the initial study was performed. If con-
trast enhancement was subtle or not present, the area of max-
imal T2 abnormality and mass effect was sampled. The voxel
size varied from 3-27 cm3. Localization was accomplished us-
ing the stimulated-echo acquisition mode technique after water
suppression. All studies were performed with 20/1500 (TR/TE)
and 128-256 signal averages. After baseline correction, N-ace-
tyl aspartate (NAA) was assigned at 2.0 ppm, Cho at 3.2 ppm,
creatine (Cr) at 3.03 ppm, and M| at 3.56 ppm. Although many
lesions showed a peak centered at 1.4 ppm that corresponded
to lipid/lactate, we did not use it for the evaluation of tumors
in this study because the significance of lipids/lactate in pre-
viously treated tumors is questionable (5). Using the curve-
fitting software provide by the manufacturer, we obtained areas
for M1, NAA, Cho, and Cr. The peak areas of MI, NAA, and
Cho were normalized with respect to Cr. Ratios of MI/Cr, Cho/
Cr, and NAA/Cr were calculated for the three groups of pa-
tients and compared. All ratios were compared with the his-
tologic grade of the lesions.

Results

HMRS was obtained in five healthy control sub-
jects (four male subjects,one female subject; age
range, 21-55 years), 14 patients with surgically
proven low-grade astrocytomas (Grades 1 and 2;
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10 male patients, four female patients; age range,
2-60 years), 10 patients with surgically proven an-
aplastic astrocytoma (seven male patients, three fe-
male patients; age range, 40—65 years), and 10 pa-
tients with proven glioblastoma multiforme (GBM)
(eight mae patients, two female patients; age
range, 35-75 years). Twenty-five patients had re-
ceived some type of therapy (surgery, radiation,
chemotherapy, and/or implantable chemotherapy
wafers) 1-3 years before this study.

The levels of MI/Cr were higher (0.82 = 0.25)
in patients with low-grade astrocytoma, intermedi-
ate (0.49 =+ 0.07) in control subjects, and lower in
patients with anaplastic astrocytoma (0.33 =+ 0.16)
and GBM (0.15 = 0.12) (Figs 1-4). Among pa-
tients with GBM, HMRS showed the lowest levels
of MI/Cr and the highest levels of Cho/Cr (Table).
NAA/Cr appeared to be higher in patients with an-
aplastic astrocytomas and GBMs than in patients
with low-grade tumor and in control subjects. This
finding can be attributed to the fact that most high-
grade tumors had been treated and that the peak of
NAA, despite being shorter, became wider, result-
ing in larger peak area.

Discussion

M1 is a sugarlike molecule that is mostly located
within astrocytes (1). It functions as an osmolyte,
and is involved in some hormone-sensitive neuro-
reception activities as well as protein kinase C ac-
tivation (1). By HMRS, M| may be identified when
acquiring studies using short TEs. Ml is usualy
assigned at 3.56 ppm (6). The utility of identifying
MI is not yet well established. It is normally ele-
vated in the newborn brain, but its concentration
rapidly decreases thereafter (1). It may also be el-
evated in Alzheimer's disease, renal failure, dia-
betes mellitus, recovering hypoxia, hyperosmolar
states, progressive multifocal leukoencephal opathy,
and in some patients with Canavan disease (1, 7,
8). In most of these diseases, elevation of M| prob-
ably reflects its function as an osmolyte or astro-
cytic marker rather than as a neuronal messenger.
MI has been found to be decreased in chronic he-
patic and hypoxic encephalopathies, stroke, tumor,
toxoplasmosis, cryptococcosis, lymphoma, and
some low-grade malignancies (1). Other studies
have, however, reported a relative elevation of Ml
in low-grade astrocytomas when compared with
high-grade astrocytomas (3).

Some mitogens, such as platelet-derived growth
factor, may directly influence the metabolism of
phosphatidylinositol (Pl) (9, 10). Cleavage of Pl is
increased in the presence of some mitogens. Ml
contributes to formation of PI, and a phosphory-
lated form of Pl is broken down to diacylglycerol
and inositol 1,4,5, triphosphate, in response to hor-
mones. The diacylglycerol resulting from the
breakdown of Pl activates protein kinase C. Protein
kinase C may in turn activate proteolytic enzymes
such as matrix metalloproteases (MP) (11). Thus,
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upregulation of Pl increases the concentration of
MP It has been shown that, in cerebral gliomas,
invasion is (at least partially) mediated by a specific
type of MP (matrix metalloprotease-2 [MP-2]).
MP-2 is not present in normal astrocytes or oligo-
dendrocytes. In vitro treatment of specific glioma
cell lines with a metalloprotease inhibitor resulted
in over 90% reduction of invasion (11). Addition-
aly, treatment of these same cell lines with a spe-
cific inhibitor (calphostin C) of protein kinase C
also resulted in decreased invasiveness and a lower
concentrations of MP-2 (11). Thus, the loca ag-
gression of certain gliomas may be modulated part-
ly by the proteolytic activity of metalloproteases.
Local aggression is much higher in anaplastic as-
trocytoma and glioblastoma multiforme than in
other forms of astrocytoma.

For our study, we obtained HMRS in control
subjects and patients with low-grade astrocytomas,
anaplastic astrocytomas, and GBM. We measured
MI/Cr, as creatine remains stable under most con-
ditions. We found that MI/Cr was higher in patients
with low-grade tumors, followed by control sub-
jects, and that it was lower in patients with ana-
plastic tumors and GBMs (Figs 1-4). The fact that
MI/Cr was lowest in the most aggressive and ma-
lignant tumors is not surprising and probably re-
flects a decrease in the concentration of pooled M.
The portion of this Ml that is visible by HMRS is
being converted into the Pls, which are not visible
on MR images. The presence of the highest MI/Cr
being found in low-grade tumors probably implies
that the metabolism of MI is not being upregulated
(thus, production of proteolytic enzymes and ag-
gression are decreased in low-grade tumors). We
believe that the lack of activation of the Pl pathway
leads to an increased MI pool, which is visible by
use of HMRS. The fact that control subjects
showed an intermediate level of M1 implies that the
pool of this metabolite, which is visible by use of
HMRS, is being maintained in a balanced form. We
also studied the Cho/Cr ratio with respect to the
tumor grade and found that the highest ratios were
present in GBMs, followed by anaplastic astrocy-
tomas and low-grade tumors. This fact is well
known and has been reported elsewhere (5). There
was an inverse relationship between Cho/Cr and
MI/Cr; that is, with progressive elevation of Cho/
Cr, the MI/Cr decreased. NAA/Cr had an inverse
relation to MI/Cr; that is, tumors with higher M1/
Cr had lowest NAA/Cr, and tumors with lower M1/
Cr had higher NAA/Cr. This is opposite to what is
more commonly reported; that is, higher-grade tu-
mors have the lowest NAA/Cr. Because most of the
high-grade tumors studied herein were previously
treated, the NAA peak becomes broad, owing to
the presence of other metabolites such amino acid
residues and N-acetyl groups in glycoproteins/gly-
colipids. This broadening of the peak results in an
increased peak area despite the fact that, upon vi-
sual inspection, the NAA peak height may be low-
er. Because of this, we believe that the level of
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HMRS image (20 [TE], 2 X 2 X 2-cm voxel) obtained from healthy control subject shows the following normal metabolites: Ml

(Myo on image), Cho, Cr, and NAA. The small peak at 1.3-1.5 is probably due to lipid contamination (from subcutaneous tissues),
which is expected when using this technique.

Fic 2. HMRS image (20 [TE], 3 X 3 X 3-cm voxel) obtained from patient with histologically confirmed, recurrent, low-grade astrocytoma

at posterior margin of prior resection shows high level of MI, mild elevation of Cho, mild decreased NAA, and elevation of lipids and
lactate (Lip/Lac) as a sequela of therapy.

Fic 3. HMRS image (20 [TE], 1.5 X 1.5 X 1.5-cm voxel) obtained from a patient with histologically confirmed, recurrent anaplastic

astrocytoma at medial aspect of prior resection shows moderate levels of MI, elevated Cho, depressed NAA, and Lip/Lac, probably as
a sequela of therapy.

Fic 4. HMRS image (20 [TE], 2 X 2 X 2-cm voxel) obtained from a patient with GBM (histologically confirmed but not treated at time
of this study) shows no MlI, elevated Cho, depressed NAA, and very high levels of Lip/Lac, probably related to tumor necrosis.

NAA in previously treated tumorsis of limited util- strating differences in the level of MI/Cr between
ity. A way to avoid this situation is to narrow the low- and higher-grade astrocytomas. A potentia
line width of NAA and the search range of NAA weakness of our investigation is the fact that we
in the curve-fitting peak program. did not attempt to evaluate prospectively the ability

We believe that the fact that we studied only five of Ml level to predict the histologic grade of a tu-
control subjects does not alter our results, demon- mor. Most of our patients had been treated and the
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Levels of metabolites in controls and patients with low-grade astrocytoma, anaplastic astrocytoma, and glioblastoma multiforme.

Lesion/Metabolite (means

and standard deviation) Controls Low-grade Astrocytoma Anaplastic Astrocytoma GBM
MI/Cr 0.49 +/- 0.07 0.82 +/— 0.25 0.33 +/— 0.16 0.15 +/—- 0.12
Cho/Cr 0.62 +/— 0.10 1.02 +/- 0.25 148 +/— 0.91 2.08 +/— 231
NAA/Cr 1.26 +/— 0.40 1.23 +/— 0.57 1.48 +/— 1.09 324 +/- 275

histologic grading of their lesions was known to all
of the investigators. We believe, however, that our
results offer baseline data that may be used to as-
sess the significance of MI in a prospective study.
Lactate or lipids may suggest a high-grade malig-
nancy, but in our study, the presence of these me-
tabolites was not taken into account because 25 of
34 patients had received some type of prior treat-
ment. It is well known that, in previously treated
tumors, the presence of lactate and lipids may rep-
resent a sequela of therapy and may not reflect the
histologic grade of the tumor. Additionally, we did
not seek to establish the effect of therapy on the
levels of M1, because in our patients, most of those
who had been previously treated harbored high-
grade tumors. Lastly, because only a single-voxel
technique was used, the possibility of sampling er-
ror in tumors of heterogeneous appearance cannot
be excluded.

In a series of 10 pediatric patients with brain
tumors, the MI/Cr was also found to be higher
when compared with control subjects (4). Eight pa-
tients harbored low-grade astrocytomas, whereas
two had higher-grade malignancies (pineoblastoma
and diffuse pontine glioma). They interpreted the
elevation of Ml to be due to destruction of cells or
rapid cellular proliferation. Processes in which cel-
lular destruction is known to occur in large
amounts, such as infarctions and radiation-induced
damage, are characterized by low MI. In order for
M1 to be released from the cell, destruction of the
membrane needs to occur. Their conclusion that
““high levels of MI are found brain tumors” reflects
the fact that they studied mostly low-grade tumors
and is in accordance with our findings. Cheng et al
(3) reported that two low-grade astrocytomas and
one anaplastic astrocytoma showed lower inositol
levels compared with that found in eight GBMs.
The fact that they combined the low-grade and an-
aplastic tumors into one category (probably be-
cause of the small number of tumors studied)
makes comparison with our data not possible. From
a clinical standpoint, it is not helpful to combine
these types of tumors owing to their differencesin
treatment and prognosis. In addition, their data
were obtained from tissue extracts, allowing for
MR spectroscopic identification of total pools of
metabolites, including MI. The high level of MI
that these authors found in extracts of high-grade
gliomas reflects total pools, contrary to our study
in which in vivo tumor sampling provided infor-
mation regarding only the MR-visible pools of MI.
In a different study, factor analysis and neural net-

works based on HMRS findings were used to in-
vestigate and classify brain tumors obtained from
chemically extracted biopsy tissue (2). Only ino-
sitol showed a significant correlation with the grade
of gliomas. A trend toward lower concentrations of
inositol for higher tumor grades was found, and this
observation concurs with ours.

Although glycine also resonates at 3.6 ppm, it is
unlikely to contribute in a significant manner to the
overadl level of MI seen in our cases. It has been
established that in the normal brain, the peak cen-
tered at 3.56 ppm corresponds mostly to MI, and
the underlying glycine probably contributes less
than 10% to the area of that peak. Glycine is a
specific amino acid and is elevated in hyperglyci-
nemia (which none of our patients had) (1). Gly-
cine has along TR and thus remains visible at long
TESs, whereas the signal from MI decays and is not
seen in that type of study. Although in the present
study we have not analyzed the results of MRS
obtained with long TEs, this type of study is ob-
tained as part of a routine imaging protocol. We
did not observe glycine in any of our patients.
Thus, we believe that glycine did not contribute
significantly to the M1 peak found in our patients.

Conclusion

We found that a trend toward lower MI/Cr in
higher-grade astrocytomas (anaplastic and GBM)
and higher MI1/Cr in low-grade astrocytomas com-
pared with healthy control subjects. A higher-level
MI/Cr was related to a lower-level Cho/Cr; that is,
the highest Cho/Cr was seen in anaplastic tumors
and GBMs, whereas the lowest was seen in low-
grade astrocytomas. We believe that the level of M1
may have important implications in the presurgical
grading of brain tumors derived by HMRS.
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