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Response to comment on “Antibodies to influenza
nucleoprotein cross-react with human
hypocretin receptor 2”
Lawrence Steinman1* and S. Sohail Ahmed2*
Vassalli et al.’s study does not involve or provide additional data regarding influenza virus, influenza vaccines,
human samples, animal models of narcolepsy, or experiments related to mimicry and cross-reactivity. They
present data on the distribution of hypocretin (HCRT) (also known as orexin) receptors in the brain of an engineered
mouse developed by them.
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Finally, Yamanaka et al. additionally used transgenic mice whose
orexin neurons expressed a light-activated chloride pump halorhodopsin (haloR) fused with GFP to conduct detailed immunoelectron
microscopic analyses along with three-dimensional reconstruction of
the HCRT-producing neurons to visualize the entire cell morphology.
These studies demonstrated direct contacts among HCRT-producing
neurons, suggesting that connections between HCRT-producing neurons
form a positive feedback circuit. Using commercial antibodies against
orexin, they noted that “almost all” orexin-immunoreactive neurons expressed both haloR::GFP and eGFP, but no ectopic expression of GFP
other than orexin-immunoreactive neurons was observed. Although
Vassalli et al. are correct that “not all eGFP-immunoreactive neurons
were HCRT-positive” in the Yamanaka et al. studies, the lack of ectopic
expression of GFP and additional confirmatory electrophysiologic studies conducted by Yamanaka et al. are difficult to ignore. Thus, we do
not agree with Vassalli et al. that the conclusions drawn by Yamanaka et al.
are based on experiments that “lack specificity.”
On the topic of “specificity,” Vassalli et al. also indicated that the
commercially available HCRT receptor 2 antibody used in our study lacks
specificity. Again, similar to the statement regarding Yamanaka et al.’s
work, we believe a clarification is merited. First, the HCRT receptor 2
antibodies used for our studies were purchased from Abcam and were
generated using a peptide from the first extracellular domain of the
human HCRT receptor 2 as the immunogen. Second, this antibody against
the extracellular domain of human HCRT receptor 2 demonstrated the
classic membrane “punctate” staining typical for G protein–coupled receptors (2, 3) such as HCRT receptors. Third, preincubation of the commercial antibody with a commercially available recombinant peptide
comprising the first extracellular domain of HCRT receptor 2 demonstrated significant inhibition of antibody reactivity to HCRT receptor 2
both in enzyme-linked immunosorbent assay (ELISA) and confocal immunofluorescence microscopy studies. Finally, the cell line used for the
ELISA and the microscopy studies was specifically engineered to express the human HCRT receptor 2 on its surface. Therefore, we believe
the antibody for HCRT receptor 2 used in our study was specific.
Because the data provided by Vassalli et al. contain no studies related
to influenza, animal models of narcolepsy, or cross-reactivity/molecular
mimicry, we believe it is premature to comment on the relevance of the
conclusions they have drawn between their findings in a Cre/lox mouse
model and our publication on influenza vaccine–induced narcolepsy.
Our findings of antibodies against the HCRT receptor 2 do not preclude
a direct modulation of HCRT neurons through an autoreceptor (1) or
an indirect modulation of HCRT neurons through other neurons
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They generated Cre/lox mice using a reporter strain expressing
enhanced green fluorescent protein (eGFP) to track the expression of
HCRT receptors 1 or 2. Brain sections from these mice were then labeled using antibodies to HCRT and visualized by immunofluorescence
microscopy for colocalization. The microscopy studies led them to conclude that mouse HCRT neurons do not express either HCRT receptors
1 or 2. These findings, as they indicate, contrast with the transgenic
mouse studies published in 2010 by Yamanaka et al. (1) who demonstrated
direct and indirect activation of HCRT neurons by HCRT through the
HCRT receptor 2. Vassalli et al. state that these studies conducted in
2010 may reflect the lack of specificity of transgenic mice because not
all eGFP-immunoreactive neurons were HCRT-positive. Although this
level of granularity is accurate, we believe that Yamanaka et al.’s study
merits clarification to enable the reader to fully interpret Yamanaka et al.’s
findings and compare them with those presented by Vassalli et al.
The eGFP-expressing transgenic mouse studies conducted by
Yamanaka et al. tracked the expression of HCRT-producing neurons.
These transgenic mice enabled them to conduct sophisticated electrophysiological studies at the HCRT neuron level that measured whether
these neurons could be depolarized with the application of either
HCRT-1 or HCRT-2 peptides (also known as orexin A and orexin B)
in the presence or absence of glutamate receptor antagonists to assess
both indirect and direct activation. Depolarization by one (or the
other) HCRT peptide would suggest the presence of an HCRT receptor on these HCRT-producing neurons and indeed demonstrated the
direct activation of HCRT-producing neurons by HCRT-2 peptide, implicating HCRT receptor 2. HCRT was also demonstrated to indirectly
activate HCRT-producing neurons through activation of glutaminergic
neurons, but it had little effect on GABAergic neurons directly innervating HCRT-producing neurons. To confirm the receptor specificity of
the abovementioned findings, Yamanaka et al. additionally bred
knockout mice from these eGFP-expressing transgenic mice that
systemically lacked either HCRT receptor 1 or 2. Again, electrophysiological studies conducted at the HCRT-producing neuron level
demonstrated that HCRT-2 induced depolarization in HCRT-producing
neurons of HCRT receptor 1 knockout mice was similar to wild type
but failed to induce similar depolarization in HCRT-producing neurons
from HCRT receptor 2 knockout mice, indicating that HCRT receptor 2
was the primary receptor for this response.
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important in sleep arousal that express HCRT receptor 2 and send neural projections back to regulate HCRT neurons (4–6). One additionally
needs to consider that antibodies binding to a receptor may have different effects including (i) inhibition of receptor signaling, (ii) stimulation
of receptor signaling, (iii) triggering of programmed cell death, (iv) cellular
cytotoxicity, (v) cell clearance by complement-mediated pathways, or
(vi) receptor internalization. Needless to say, narcolepsy is a complex
spectrum of a sleep disorder whose mechanism is continuously being refined by ongoing effort of experts studying HLA (human leukocyte
antigen) genetics (7, 8), cataplexy’s link to cerebrospinal fluid hypocretin
levels (9, 10), and the complex neural pathways involving HCRT and its
receptors (review papers from last 2 years only) (11–14). Their findings should remind us that just because the data are not 100% black or
white, one should not conclude that the data are inaccurate—one should
realize that clues have been revealed that we are not yet in the position
to understand.
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