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In Reply:
We thank Dr. dos Santos for his interest in our article1 
and his scholarly perspective regarding the neurobiology 
of the psychedelic state. In response to his comments, our 
focus on the glutamatergic N-methyl-d-aspartate receptor 
was motivated by the pharmacology of anesthetic drugs 
that have been more strongly associated with psychedelic 
experiences in humans; we did not argue that these recep-
tors were the primary molecular targets for psychedelic 
drugs themselves. In terms of neuroimaging studies, we 
thank Dr. dos Santos for the additional references and 
we acknowledge that the article by Carhart-Harris et al.2 
is not the only neuroimaging study on the psychedelic 
state. It would have been more precise for us to state that 
it is the only neuroimaging study focused on connectivity 
during the psychedelic state in humans. By contrast, the 
studies referenced by Dr. dos Santos focused on neural 
activity. The findings by Carhart-Harris et  al. regarding 
connectivity allowed us to make comparisons with more 
recent studies on anesthetic-induced unconsciousness. 
Finally, we agree with Dr. dos Santos that there are many 
more exciting questions to be addressed in this area of 
investigation.
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administration in earlier positron emission tomography 
studies?14,15 Is there any pharmacokinetic or pharmacody-
namic difference between intravenous and oral psilocybin 
administration, which could modify the brain’s rate of psilo-
cin uptake, changing the neuroimaging patterns observed? 
These are the types of fundamental questions for future 
research.
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an “oncogene.” I wonder by which molecular mechanisms 
the authors think HIFs enhance the cell proliferation.

In addition, I think that the argument that isoflurane 
enhances tumorigenesis in a HIFs-dependent manner is 
under discussion. No experimental evidence was demon-
strated to indicate that the “induction” of HIFs-α protein is 
essential for the increases in RCC4 proliferation as examined 
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay in their study.

Usually, the patients are exposed to the anesthetics only 
during the surgical treatment. That means the duration is not 
so long and transient. Do the authors have any experimental 
results on the reversibility of isoflurane on HIFs-α expression?

Finally, the authors described that LY294002 is a protein 
kinase B (Akt) inhibitor. However, almost all molecular biol-
ogists think that LY294002 is a phosphoinositide 3 kinase 
inhibitor.7
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Hypoxia-inducible Factors Are Already 
“Active” in the Von Hippel-Lindau–
deficient Renal Cell Carcinoma-4 Cells

To the Editor:
I read with great interest the article by Benzonana et  al.1 
investigating the effect of isoflurane on the cellular func-
tion of renal cell carcinoma (RCC)-4 cells, which are derived 
from human RCC.

I think that there are several issues in this study that 
deserve comments.

In this study, the authors exclusively used the RCC cell line, 
namely RCC4 cells. It is well known that the tumor suppres-
sor gene Von Hippel-Lindau is deficient in these cells. Because 
Von Hippel-Lindau plays a critical role in the regulation of 
stability of hypoxia-inducible factor (HIF)-α proteins in cells, 
HIF-1α and HIF-2α proteins are “stabilized” or overexpressed 
in RCC4 cells even under 20% O2 conditions2,3 and the 
expression is not increased under 1% O2 conditions.2,3

However, as demonstrated in figure 1 of their study, 
HIF-1α and HIF-2α proteins only barely expressed in 
RCC4 cells under 20% O2 conditions, as shown by them. 
I would like to ask the authors to explain the discrepancy 
between this and the original report.2

One of the features of malignant tumors is the hypoxic 
region in them, where the activation of HIFs is observed.4 
Thus, I think that it is essential to investigate the effect of 
isoflurane under such hypoxic conditions. In this study, the 
authors exclusively performed the assays under 20% O2 con-
ditions or normoxic conditions. However, we reported that 
the volatile anesthetic halothane inhibited hypoxia-induced 
HIF-1 activation in Hep3B cells5 and that isoflurane sup-
presses HIF-2 activation under hypoxemic hypoxia in mice.6 
The ontology behind this discrepancy should be clarified.

The authors argue that isoflurane could promote the 
expression of HIF-1α and HIF-2α, which are subunits of 
the transcription factors HIF-1 and HIF-2, respectively, 
and that isoflurane might enhance the cellular activities 
that are associated with a malignant phenotype in the 
cells in HIFs-dependent manner. I totally agree that both 
HIF-1 and HIF-2 play a critical role in cancer progres-
sion by providing procancerous microenvironment. In 
figure 4 of their study, the authors indicated that 2% iso-
flurane treatment enhanced cell growth or proliferation by 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide assay. However, there is no consensus that HIFs act as 
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