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Players of ‘hypoxia orchestra’ – what is the role of FMISO?
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Hypoxia is one of the most important factors for exacerbating
malignancy, including brain tumors [1–3]. Hypoxia induces
radioresistance [4], chemoresistance [5], HRE-related gene
transcription [6], and hypermethylation of tumor suppressor
genes [7], making tumor cells more aggressive. These phenom-
ena interact with one another such that the entire set of mech-
anisms could be described as ‘Hypoxia Orchestra playing
SymphonyMalignancy’. Of the above cascades, the correlation
between hypoxia and HRE-related gene transcription has been
well studied. The key player is HIF as the ‘principal conductor
of the Orchestra’. HIF leads and controls HRE-related gene
translation in hypoxia. In normoxia, HIFα is very unstable,
easily degraded by HIF hydroxylases. When the oxygen partial
pressure is significantly low owing to rapid tumor growth or a
large amount of oxygen consumption, HIF hydroxylases are
inactivated, making HIFα more stable. Stable HIFα makes a
conjugate with HIF1β, and that conjugates bind to HRE on the
DNA and drives transcription of proteins from downstream
genes that impact tumor malignancy, such as cell migration,
energy metabolism, angiogenic signaling, transcriptional regu-
lation, growth and apoptosis [6]. Over many years, L Bekaert,
J.S. Guillamo and coauthors have contributed a significant
body of research concerning glioma. Maintaining their focus
on malignancy and the prognosis of glioma, they approached

these subjects from the standpoints of treatment strategy [8, 9],
gene mutation [10], the methylation of DNA [11], and molec-
ular mechanisms [12]. They also performed imaging studies of
glioma [13, 14].

In the current study, we use FMISO to image tumor hypoxia
and focus on the correlation between hypoxia and the expres-
sion of HIF1α, CAIX VEGF, and Ang2. HIF1α and CAIX are
known as hypoxia markers, but the expression mechanisms are
totally different; it is even said that those two are Bcause and
effect^ of hypoxic-related gene transcription, with HIF being
the Bcause^ andCAIX the Beffect^. Returning to our metaphor,
if HIF is the ‘conductor’, CAIX is like the ‘concert master’ of
the orchestra. A previous report showed that the expression of
CAIX is strongly related to oxygen partial pressure, and the
CAIX promoter may be tightly regulated by HRE [15]. That
allows CAIX to translate the signal of HIF very dependably.
CAIX is and performs reversible hydration of carbon dioxide
to carbonic acid as an isoenzyme as a transmembrane protein.
The function is to control metabolism and regulate pH.

Both VEGF and Ang2 are signal proteins that induce an-
giogenesis in tumors. The authors previously studied angio-
genesis in relation to glioma [12, 16, 17]. In their expert opin-
ions, angiogenesis is considered one of the important players in
tumor malignancy, and hypoxia is one of the significant factors
producing angiogenesis signaling proteins. In this context, the
authors may include those two proteins in the current study.

What is the role of FMISO then? It may be the ‘TV com-
pany’ that broadcasts the music of the Hypoxia Orchestra.
When FMISO is infused, it spreads throughout the body,
and can identify hypoxic regions within 2–4 h. The authors
used FMISO to identify hypoxic areas and compared the ex-
pressions of HIF1α, VEGF, Ang2 and CAIX in hypoxic and
normoxic regions.

In the results, all those proteins were higher in hypoxic
(FMISO high) glioma than non-hypoxic (FMISO low) gliomas.

This Editorial Commentary refers to the article https://dx.doi.org/10.
1007/s00259-017-3677-5.
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Again, HIF1α and CAIX are the Bcause and effect^ of hypoxia-
related gene transcription. Therefore, the association between
CAIX expression and FMISO uptake suggested that FMISO-
PET might allow us to noninvasively detect lesions where hyp-
oxia is driving malignancy gene transcription. HIF1α, VEGF,
and Ang2 are also significantly higher in the FMISO-positive
group than in the FMISO-negative group. We can consider that
expressions of those proteins are stimulated by hypoxic condi-
tions. Their results strengthen the evidence that FMISO can
detect tumor malignancy regions.

In addition to the relationship between FMISO uptake and
protein expression, the authors also assessed tumor perfusion
using dynamic contrast-enhancement MRI. The results showed
that FMISO uptake and tumor perfusion are positively corre-
lated. Some readers might feel that these results showing hy-
perperfusion in hypoxic lesions are contradictory. The concept
of acute hypoxia can address this question. Hypoxia is now
considered to consist of both acute and chronic hypoxia.
Chronic hypoxia is caused by inadequate perfusion or a lower
oxygen supply than tumor oxygen consumption; acute hypox-
ia, which represents exposure to rapid cycling of hypoxia and
reperfusion, is suggested to contribute to abnormal tumor ves-
sels and an increased tendency toward thrombosis. The cycling
duration of acute hypoxia is possibly as short as several mi-
nutes, as shown by a previous in vivo imaging study [18]. In
contrast to the time frame of acute hypoxia, an FMISO scan
provides summation images of several hours. We can consider
that FMISO-positive lesions include not only chronic but also
acute hypoxia.

We should keep in mind there are several limitations to this
study, and hence, its conclusions. First, the number of patients
was small. The correlation between FMISO SUVand CAIX is
a very significant and an important result, but only five pa-
tients could undergo this analysis.

Second, as the authors mentioned, the threshold separating
FMISO-positive and negative cases can clearly separate glio-
blastoma (grade IV) and lower-grade glioma (grade II and III)
[19]. The genetic mutations in glioblastoma and lower grade
glioma are completely different [20]; thus, different genetic
backgrounds can be a major confounding factor for the corre-
lation of FMISO and hypoxia-related gene transcription. To
overcome this limitation, some additional investigations must
be performed; for example, restricting subjects to those with
glioblastoma, sampling several specimens from different re-
gions with different FMISO uptake in the same patient
[21], or increasing the number of proteins to evaluate
whether protein expression is stimulated by hypoxia. By
the same token, although the authors showed that FMISO-
positive patients had a worse prognosis than FMISO-
negative patients, the analysis was conducted almost exclu-
sively for glioblastoma vs. lower grade glioma patients; thus,
the difference of prognosis referred to difference of tumor
grade rather than FMISO status.

Once further researches with many more patients reveal
that the FMISO uptake and protein expression is strongly
correlated on an inter- and intra-patient basis, FMISO PET
will certainly play an important role not only in diagnosing
gliomas, but also in helping to determine the management of
gliomas before treatment intervention. Hypoxia regions,
where many proliferative proteins are expressed, are more
malignant than non-hypoxia regions in the tumor. In addition,
the hypoxic environment induces radiation- and chemo-resis-
tance. Thus, additional treatment is typically needed for
FMISO-high lesions. The possible strategies are to expand
the resection area as much as possible, to give those lesions
a higher radiation dose, or to add radiation sensitizer. Let us
carefully listen to the music of Hypoxia Orchestra that is
broadcast by FMISO PET.
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