
Response by Ken McCarthy and Dan Bonder to Kyle R Biesecker and Anja I 
Srienc’s Journal Club review of “Astrocytic Gq-GPCR-Linked IP3R-Dependent 
Ca2+ Does Not Mediate Neurovascular Coupling in Mouse Visual Cortex In Vivo” 
by Daniel Bonder and Ken D. McCarthy 
 
We thank Kyle Biesecker and Anja Srienc for providing a thoughtful review of our 
paper and highlighting investigation into the role of astrocytes in neurovascular 
coupling. The authors (Kyle and Anja) point out several potential caveats 
associated with our study that warrant a response.  
 
The reviewers write: “First, the authors failed to assess both the transfection 
rates of their viral vectors and expression levels of transgenes”.  
 
In response, it is correct that the level of expression cannot be readily assessed 
from the limited data provided in our paper. However, we find that a large 
majority of astrocytes (>90%) are transduced in a large region surrounding the 
site of AAV injection. This is quite readily assessed when injecting AAVs 
transducing Gq-DREADD and GCaMP6 into mice. Following an ip injection of 
CNO to activate Gq-DREADD most astrocytes within the field of view respond 
with increases in calcium; also see Figure 1C and note the uniform GCaMP6 
staining. With respect to transgene levels, it is unclear how this could be 
accomplished when using viral transduction in complex tissue. Further, functional 
tests are much more informative and generally relied upon to assess the 
efficiency of viral transduction. 
 
The reviewers write: “Second, although Bonder and McCarthy’s (2014) 
techniques allow for sensitive imaging of glial calcium signaling, it is conceivable 
that neuronally evoked calcium signals went undetected.” … “One could argue 
that the validity of these critiques is undermined by Bonder and McCarthy’s 
(2014) demonstration that IP3R2 KO animals have preserved functional 
hyperemia when calcium signaling is absent. But recent work has suggested that 
there are IP3R2-independent calcium signals that occur in fine astrocyte 
processes (Shigetomi et al., 2013; Haustein et al., 2014). Thus, calcium-
dependent mechanisms, particularly those originating in the fine processes of 
astrocytes, cannot be ruled out as mediators of neurovascular coupling.”  
 
In response, the IP3R2 independent calcium signals referred to in the above 
references are not affected by neuronal activity (Haustein et al., 2014) and hence 
these are very unlikely to be involved in neurovascular coupling. The calcium 
sensor we used is the most sensitive approach available, capable of detecting 
single action potentials and we readily detect spontaneous astrocyte calcium 
fluxes. As we are all aware, it is nearly impossible to prove a negative finding. 
Nevertheless, the most plausible interpretation of our results and is that IP3R2 
KO mice do not exhibit activity-dependent astrocyte calcium fluxes in the visual 
cortex.  
 



The reviewers write: “Third, while the genetic techniques Bonder and McCarthy 
(2014) used are powerful, altering a organism at the genetic level introduces 
confounds that can be difficult to control for. The IP3R2 KO animals used in this 
study are constitutive knock-outs, raising the possibility that, during development, 
these mice adapt to loss of IP3R2 by compensatory gene expression to retain 
functional hyperemia.  
 
In response, this is a valid point and difficult to test. However, in combination, 
our findings demonstrate that 1) visual stimulation leads to increases in blood 
flow without detectable increases in astrocyte calcium, 2) selectively increasing 
astrocyte calcium using Gq-DREADD fails to affect blood flow, and 3) the loss of 
IP3R2 dependent increases in astrocyte calcium fails to affect blood flow. The 
most plausible conclusion of our findings is that astrocyte calcium fluxes do not 
mediate neurovascular coupling in the visual cortex in vivo. 
 
In summary, a great deal of evidence supporting a role for astrocyte calcium 
fluxes mediating neurovascular coupling comes from ex vivo preparations (where 
there is no blood flow) using pharmacological tools (calcium uncaging or calcium 
chelators) that do not remotely mimic physiological conditions. While genetic 
approaches have their limitations, their careful use will be critical to testing 
hypotheses developed using ex vivo models and pharmacological perturbations. 
 
 
 


