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1st Editorial Decision 07 December 2015 

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now 
heard back from the three referees whom we asked to evaluate your manuscript. Although the 
referees find the study to be of potential interest, they also raise a number of concerns that need to 
be thoroughly addressed in the next final version of your article.  
 
As you will see from the set of comments pasted below, all referees find the topic of the study to be 
of interest. However, poor representation of the data, missing details, low quality images, 
inappropriate controls, unclear statistic usage as well as insufficient explanations often precluded 
appropriate understanding of the results, rendering the reviewing task difficult for the referees. 
Nevertheless, referees had overlapping concerns and should you be able to revise your work 
according to their comments, given the medical relevance of your work, we would be happy to 
consider your revised manuscript. However, I would like to insist that particularly in this case, the 
referees would need to be fully satisfied with the revision for the manuscript to go forward. For this 
reason, I would strongly advise against sending back an incomplete revision. Please note that 
EMBO Press's policy only allows a single round of major revision, and that acceptance or rejection 
of the manuscript will therefore depend on the completeness of your response and the satisfaction of 
the referees with it.  
 
Revised manuscripts should be submitted within three months of a request for revision; they will 
otherwise be treated as new submissions, except under exceptional circumstances in which a short 
extension is obtained from the editor.  
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I look forward to seeing a revised form of your manuscript as soon as possible.  

 

***** Reviewer's comments *****  
 

Referee #2 (Comments on Novelty/Model System):  
 
The study investigate a 14 wks treatment of miR-29 and show increase in collagen expression in 
plaques and in vitro experiment confirm that miR-29 could reduce protein expression of collagen I 
and III. This is what the paper really show, the other effects on plaque content of cells are mainly 
related to the increase of collagen content and are rather associative in nature.  
 
Referee #2 (Remarks):  
 
In this study, Ulrich and colleagues have investigated the effects of chronic inhibition of miR-29 on 
atherosclerotic plaque phenotype in ApoE-deficient mice. By antisense interference (LNA-miR-29), 
the authors achieved a systemic reduction of miR-29 expression which was reflected by concomitant 
reduction of atherosclerosis burden in both aortic root and brachiocephalic artery (when compared 
with control LNA). The authors have also found differences in plaque composition, showing the 
plaques of treated mice thicker fibrous cap, higher content of VSMCs and increased plaque collagen 
(both in mRNA expression and picrosirius red staining), features associated with a less vulnerable 
plaque phenotype. Gain- and loss-of-function in vitro experiments have shown the ability of mir-29 
to target several collagen subtypes and other ECM-related protein (mir-29 overexpression decreases 
also MMP2 and fibronectin I). The authors conclude that inhibition of mir-29 might represent a new 
therapeutic approach for stabilizing atherosclerotic plaques.  
 
The topic of the study is of interest, as it suggests a new potential approach to improve 
atherosclerotic plaque stability. The main strength of the study is the in vivo nature, allowing the 
authors to highlight the potential therapeutic perspective for anti-miR-29, and the in vitro 
confirmation of mir-29 effects on ECM components. Nevertheless, some limitations exist and could 
be resolved in order to improve the interpretation of the results:  
 
1) Amongst the key findings, authors show an increase of VSMCs and fibrous cap thickness. 
Despite the thickening of fibrous cap could be explained by the effects on collagen synthesis, the 
effect of miR-29 inhibition on VSMCs content cannot be fully reconciled and explained from the 
current data. Is this a relative effect due to reduction of total plaque volume (or decrease in 
cellularity) or an absolute effect? The authors have found no significant increase in VSCMCs 
proliferation. However,, Figure S4B revealed a trend towards an increase of Ki-67 staining in a-
SMA+ cells. Is it possible that lack of significance is the result of a lack of statistical power? Could 
the authors provide more details on how the sample size for the experiment was estimated. 
Furthermore, definition of the VSCMs phenotype (i.e. synthetic vs contractile) could provide further 
information regarding the impact of miR-29 on this cell population. The authors could address these 
issues or comment on that. Finally, the method for quantification of VSMCs content (presumably % 
a-SMA/total plaque volume) should be included on page 13.  
 
2) Similarly, the mechanisms behind the reduction of necrotic core is not elucidated. The authors 
have not found differences in proliferation and apoptosis of CD68+ cells and VSMCs, but the 
efferocytosis activity has not been investigated. Do the authors have data on the role of miR-29 in 
regulation of macrophage efferocytosis?  
 
3) The authors show an increase of collagen I and III expression in atherosclerotic plaques, but not 
an increase in fibrosis in heart, lung, liver and spleen. Due to the relevance of the absence of 
aberrant fibrosis after LNA-miR-29 treatment, a quantification for the images shown in Suppl. 
Figure 5 should be provided.  
 
4) Control groups: the authors have used 2 different controls for their experiments: saline and a 
negative LNA treatment. Remarkably, the significant results shown in figure 1C, 2E, 3B are 
obtained mainly after comparison with the "LNA-control". Moreover, treatment with LNA-control 
resulted in changes in lipid profile (i.e. Suppl. Fig 1A: increase in LDL and decrease in HDL 
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cholesterol). Is it possible that LNA-control is actually targeting an anti-atherosclerotic target? 
COuld the authors possibly test a different negative LNA?  
 
5) In vitro experiments: the authors performed gain- and loss-of-function experiments on VSMCs in 
order to confirm the effects on protein targets. Interestingly, Fig. 3C show that LNA-miR-29 
increase collagen 3 levels when compared with LNA-control. Again, apparently LNA-control results 
in an increase in collagen 3 levels (with a trend of increase also toward the other "negative control" 
miR-30). Would it be possible for the authors to test and include a different negative control? 
Furthermore, miR-30 used as further negative control has been involved in regulation of TGF-beta 
pathway as well, thus potentially affecting fibrosis development per se (e.g. Roy S et al. 2015, Tu X 
et al. 2015, Duisters et al 2009).  
 
6) Supplementary Figure 3: although the quantification and the title of the figure caption state that 
LNA-miR-29 does not affect macrophage content in atherosclerotic plaques, the representatives 
figures apparently suggest a rather strong effect. While this could reflect a substantial variability in 
the effect, the authors could perhaps consider revise this figure with a figure more representative of 
the general trend.  
 
7) Statistics: the methods used for verifying the assumption of the test used for rejecting null-
hypothesis (e.g. in case of ANOVA) should be explained.  
 

 

 

Referee #3 (Remarks):  
 
Summary:  
In their manuscript "Chronic miR-29 antagonism promotes favorable plaque remodeling in 
atherosclerotic mice", Ulrich and colleagues study the impact of miR-29 expression modulation on 
atheroma formation and plaque composition. They report that chronic administration of LNA-miR-
29 into an atherosclerotic mouse model increases the expression levels of col1A and col3A, which 
are key elements of the plaque extracellular matrix (ECM). The author's claim that the ECM 
composition changes decrease atherosclerotic lesion size, enhance fibrous cap thickness and reduce 
plaque necrosis. They further show that LNA-miR-29 administration does not affect circulating 
lipids, blood chemistry or ECM of other solid organs. It is concluded that LNA-miR-29 treatment 
might be a novel therapeutic strategy for atherosclerotic vessel disease that is independent of lipid-
lowering activities.  
 
Novelty:  
Use of LNA-miR-29 blocking oligonucleotides as a novel therapeutic approach for the treatment of 
atherosclerosis.  
 
General comment:  
This manuscript studies how pharmacological inhibition of the miR-29 family affects atherosclerosis 
in mice. A combination of both in-vivo and in-vitro experiments is used to show convincingly that 
blocking the biological activity of miR-29 with LNA-based oligos decreases atherosclerotic lesion 
formation. Overall, this manuscript is well written, the data are solid, and the results consistent with 
the well-established role of the miR-29 family in regulating components of the ECM. The findings 
are not strikingly novel, nevertheless relevant and interesting from a medical perspective.  
 
I enclose some comments the authors may want to address to further the study.  
 
Specific comments - major:  
Figure 4 (A) - To be able to judge the relevance of ECM regulation by miR-29, it would be 
important to see a more comprehensive list of the regulated proteins from the proteome data set.  
 
Figure 4 (A) -The authors claim that fibronectin 1 (FBN1) and MMP2 are miR-29 targets. Is the 
expression of these two proteins up-regulated when the anti-miR-29 is expressed? The authors 
should include luciferase reporter assays to validate the interaction between miR-29, FBN1 and 
MMP2.  
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Material and Methods - This section lacks information how miR-29a, -29b and -29c expression 
levels were assessed by qPCR (Supplementary Figure 1). The authors should provide detailed 
information in the Material and Methods section.  
 
Supplementary Figure 1 (A) - The authors claim that administration of either LNA-control or LNA-
miR-29 had no effect on total cholesterol levels. As illustrated, it seems, however, that there is a 
significant difference in total cholesterol levels when compared to the saline control. What is the 
explanation for this observation? In a recent paper (Kurtz et al., Scientific Reports 2015), it was also 
reported that in vivo blockade of miR-29 by LNA-based oligonucleotides reduces plasma 
cholesterol levels by 40%. How do the authors explain these different results?  
 
Supplementary Figure 1 (B) - The expression levels of the miR-29 family members were quantified 
in several mouse tissues after administration of LNA-control and LNA-miR-29. However, the 
experimental set-up used ("10mg/kg twice in the first week then weekly for a month") is different 
from the one depicted in Figure 1 ("4mg/Kg biweekly for 14 weeks"). What is the rationale for the 
different treatment regimens?  
 
Supplementary Figure 1 (B) - Which housekeeping gene was used to normalize the qPCR data? 
Such information is absent in the Material and Methods section. The Y-axis labels should be 
replaced since a microRNA is not a messenger RNA (mRNA).  
 
Specific comments - minor:  
Title- Typographical error: "antgonism" should be replaced by "antagonism".  
Discussion- I do not understand the of the meaning of "The mechanistic basis for why mimicry or 
antagonism of miRNAs does not affect physiological processes is not known." Please explain or 
rephrase.  
 
Material and Methods -"Experimental Animals" - The authors provide a short description on the 
pharmacokinetic profiles of LNA-based oligonucleotides. This information is not particularly 
helpful in the material and methods section. Such information should be integrated somewhere else 
in the manuscript.  
 

 

 

Referee #4 (Remarks):  
 
The manuscript reports improved plaque morphology associated with chronic administration of 
LNA-miR-29. Overall the manuscript is well written and concise. However, the some differences 
between the control and LNA-miR-29 cohorts are hard to appreciate on the included images. I think 
the manuscript could be improved by addressing the following comments.  
1.) The first paragraph of the results section and the methods both cite a LNA dose of 4mg/kg. 
However the figure legend of Supp. Fig. 1 cites a different dosing schedule and a dose of 10mg/kg.  
2.) LNA-miR29 appears to inhibit miR-29a,b,c equally per Supp. Fig. 1. Is it a pool of isoform 
specific oligos or a single sequence that tolerates some mismatches?  
3.) Supp. Fig 1 shows no significant reduction in miR-29 levels in skin yet the methods section 
describes "...significant oligo accumulation in spleen, bone marrow and distal skin." Also if there is 
significant oligo accumulation in bone marrow and spleen is miR-29 repressed in macrophages 
and/or other leukocytes that may impact atherosclerotic lesion development and stability?  
4.) Figure 3a shows increased COL1A1 and COL3A1 expression in plaque vs non-plaque tissue. 
Was miR-29 equally repressed in both plaque and non-plaque tissues?  
5.) Why was miR-30 used as the control in Figure 4?  
6.) In Figure 1, are the lesions in LNA-miR-29 mice significantly different from saline control mice 
or only LNA-control mice? The difference in sizes is not very large at the selected time point on this 
diet. Have other time points and/or diets been tested?  
7.) Figure 2 uses two panels of pentachrome stained sections to shows fibrous cap and necrotic 
areas. Why couldn't necrosis and fibrous cap be shown on the same image? This would allow 
individual panels to be larger and therefore may more readily highlight the differences between the 
groups (particularly for BC fibrous cap area). It may also be helpful to outline the total plaque for 
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reference. Also no black bar is shown in 2A root saline.  
8.) The title line of the legend for Supp. Fig 1 was incomplete on my copy.  
9.) At first glance there appears to be significantly less CD68 (green) staining in Supp. Fig 3A LNA-
miR-29 (upper left panel). Perhaps a different magnification or better delineation of the areas 
quantified in Supp. Fig. 3B would better illustrate the relevant comparisons.  
10.) It is unclear what the magnified inset boxes are intended to show in Supp. Fig. 4A as, for 
example, the boxes for saline and LNA-control both show substantially more Ki-67 (green) staining 
than LNA-miR-29 yet the graph in Supp. Fig. 4B shows the opposite trend. 
 
 
 
1st Revision - authors' response 06 April 2016 

EMBO MM-miR-29 paper 

 

We would like to thank the reviewers for their insightful reviews.  Please find the original comments 
followed by our rebuttals in bold font. 

Rev 2. 
1) Amongst the key findings, authors show an increase of VSMCs and fibrous cap thickness. Despite 
the thickening of fibrous cap could be explained by the effects on collagen synthesis, the effect of 
miR-29 inhibition on VSMCs content cannot be fully reconciled and explained from the current 
data. Is this a relative effect due to reduction of total plaque volume (or decrease in cellularity) or 
an absolute effect?  

This is a good question which we addressed by evaluating total DAPI stained nuclei in the 
plaque area.  As seen below the total cellularity does not change, (p=0.252 by One-way 
ANOVA, n=4, 5, 5 mice/group)   thus we conclude that the effect of miR-29 on plaque size is a 
reduction in total volume. 

  

 

 

 

 

 

 

 

 

1A.  The authors have found no significant increase in VSMCs proliferation. However, Figure S4B 
revealed a trend towards an increase of Ki-67 staining in a-SMA+ cells. Is it possible that lack of 
significance is the result of a lack of statistical power? Could the authors provide more details on 
how the sample size for the experiment was estimated. 

While this is a valid question and one we have considered, we have utilized stringent statistical 
analyses and do not believe this trend would become significant with a higher n, due to the 
interrogatory quantification methods used herein, which were performed in the manner as 
previously published. [Rotllan et al. (2015) Genetic evidence supports a major role for Akt1 in 
VSMCs during atherogenesis. Circulation 116, 1744-1762.] Briefly, slide sample size for this 
quantification was such that we analyzed 3 randomly selected but distinctly separate sections 
from the aortic root plaques of each mouse, then averaged these values per mouse so that n=9, 
13, 15 per group on the graph.  To explain further, 30 consecutive cryosections were sectioned 
inferiorly from the ascending aorta down through the heart for each mouse.  Sections were 
collected from each mouse’s root beginning when the plaque was first detected, and slides 
were numbered #1-30 in order of collection, so slide #1 would be closest to the ascending aorta 
and slide #30 was closest to the apex.  For each mouse three slides were chosen at depth 
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intervals labeled #2, 14, an 28, and stained for SMA and Ki-67+.  Then co-localization of the 
two stainings was quantified using ImageJ software for each slide, and the three slides from 
each mouse were averaged independently, then as a group, such that for each group there 
were 27, 39, and 45 slides analyzed and 9, 13, and 15 averages of Ki-67+ and SMA+ cells 
counted and graphed.  We used ANOVA and the stringent Bonferroni post-hoc test to 
statistically compare these averages in each group.  Mouse sample size was chosen such that 
we started with an average of 4 saline, and 6 LNA-control and 6 LNA-miR-29 in each group 
for each of the three independent cohorts.  

 

1B.  Furthermore, definition of the VSCMs phenotype (i.e. synthetic vs contractile) could provide 
further information regarding the impact of miR-29 on this cell population. The authors could 
address comment on that. 

This is a great question which we considered initially, but due to the standard harvest 
timepoint we did not believe we could make a fair assessment of the transitioning phenotype of 
the VMSCs in plaques at this one timepoint.  

 
1C.  Finally, the method for quantification of VSMCs content (presumably % a-SMA/total plaque 
volume) should be included on page 13. 

The method of quantification was calculated as SMA staining intensity/percent of total plaque 
volume. 
 

2) Similarly, the mechanisms behind the reduction of necrotic core is not elucidated. The authors 
have not found differences in proliferation and apoptosis of CD68+ cells and VSMCs, but the 
efferocytosis activity has not been investigated. Do the authors have data on the role of miR-29 in 
regulation of macrophage efferocytosis?  

This is a great question that we have addressed below in preliminary experiments included below. 
We modified an online protocol from the Tabas laboratory (www.tabaslab.com/protocols), 
prepared by Nadolski and Thorp, 2009.  Utilizing RAW macrophages and apoptotic Jurkat cells, 
we evaluated % of efferocytosis (as published by Wan…Thorp et al., Circ Res, 2013) at several 
time points.  Briefly RAW cells were treated with 100nM LNA-control or LNA-miR-29, and after 
48 hours , exposed to apoptotic Jurkat cells.  Of note, RAW were plated and Jurkat incubated at 
equal number in both treatment groups, and RAW cell numbers did not vary significantly during 
the course of the experiment.  Furthermore, miR-29 levels in the RAW cells were decreased by 
over 98%.  We have conducted this experiment two times (see individual experiments below), and 
do not at this point see a difference between the LNA-Control and LNA-miR-29 treated groups.  
Thus, short term LNA-miR-29 treatment does not influence macrophages efferocytosis, however, 
the role of miR-29 in regulating effercytosis during lesion formation is yet to be determined.  
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3) The authors show an increase of collagen I and III expression in atherosclerotic plaques, but not 
an increase in fibrosis in heart, lung, liver and spleen. Due to the relevance of the absence of 
aberrant fibrosis after LNA-miR-29 treatment, a quantification for the images shown in Suppl. 
Figure 5 should be provided.   

This was noted and provided.  When quantified there was no significance among the groups. 
These data corroborate the results from Boon et al., Circ Res, 2011 (reference #24), in which 
five times the LNA-miR-29 dose was utilized in an aneurysm and aging model with no fibrosis 
evident in the above target tissues.  

 
4A) Control groups: the authors have used 2 different controls for their experiments: saline and a 
negative LNA treatment. Remarkably, the significant results shown in figure 1C, 2E, 3B are 
obtained mainly after comparison with the "LNA-control". Moreover, treatment with LNA-control 
resulted in changes in lipid profile (i.e. Suppl. Fig 1A: increase in LDL and decrease in HDL 
cholesterol). Is it possible that LNA-control is actually targeting an anti-atherosclerotic target?  

To evaluate endpoints we utilized saline vehicle and LNA-Control negative controls to ensure 
that the LNA-control did not significantly affect measurements when compared with the 
vehicle group.  These 2 control were used because there is evidence at certain doses LNA 
modification of oligos can cause hepatoxicity [Swayze et al. (2007) Antisense oligonucleotides 
containing locked nucleic acid improve potency but cause significant hepatotoxicity in 
animals. Nucleic Acids Research 35].  Since we had three treatment groups, we chose to use one 
way ANOVA with a stringent Bonferroni post test to analyze the groups.  Only graphs marked 
with an asterisk are significant with a p value less than 0.05. 

 

4B.  Could the authors possibly test a different negative LNA?  

There were no significant differences in lipoprotein pools between the groups, and as expected 
in ApoE-/- mice, the IDL/LDL peak is elevated at the expense of the HDL fraction.  When 
comparing circulating immune cells via flow cytometry, the LNA-control group does not differ 
significantly from the saline group.    Arguably the two cell types most crucial to 
atherosclerotic progression are not affected by LNA-control treatment (compared to saline 
vehicle) in terms of proliferation or apoptosis (supplementary figure 4).  Finally, the LNA-
control is a c. elegans sequence that was designed such that it would not target mammalian 
microRNA, therefore it is doubtful that the LNA-control targets an anti-atherosclerotic target.   

 
5A) In vitro experiments: the authors performed gain- and loss-of-function experiments on VSMCs 
in order to confirm the effects on protein targets. Interestingly, Fig. 3C show that LNA-miR-29 
increase collagen 3 levels when compared with LNA-control. Again, apparently LNA-control results 
in an increase in collagen 3 levels (with a trend of increase also toward the other "negative control" 
miR-30). Would it be possible for the authors to test and include a different negative control?  

In the gain and loss of function experiments in primary VSMCs in Figure 4C, the reagents 
used are not LNAs, but are classic antimiRs and mimics of miR-29 and miR-30.  These 
treatments were chosen as these parameters were previously published by Abonnenc et al., 
Circ Res, 2013 (reference #11).  Furthermore, while miR-29 and miR-30 are both expressed in 
VSMCs, Col3A1 is not a predicted or confirmed target of miR-30 (Targetscan/miRBase).  miR 
30 was just an additional control!  

 

5B.  Furthermore, miR-30 used as further negative control has been involved in regulation of TGF-
beta pathway as well, thus potentially affecting fibrosis development per se (e.g. Roy S et al. 2015, 
Tu X et al. 2015, Duisters et al 2009).  

While we acknowledge the work done in the papers cited by the reviewer, there are several 
notable differences between our study and those in the papers provided that lend to our 
decision to use miR-30 as a control.  First, these papers evaluated the role of miR-30 in TGF- b 
induced cardiac/liver fibrosis while in our study we did not treat cells with TGF- b.  Instead 
we chose to evaluate how miR-29 manipulation changes the secretome without mimicking 
fibrosis, since we did not see fibrosis in our LNA-miR-29 mice.  Furthermore, Roy et al. 
showed that miR-30 decreased Col1A1 and Col5A3 levels, but these genes are not validated 
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targets of miR-30 and Col3A1, the most differentially induced confirmed target of miR-29 in 
our study , is not a predicted or confirmed target of miR-30.  Indeed, both miR-29 and 30 
could regulate fibrosis, however the pathways by which each miR effects these pathologies is 
difference such that miR-29 targets ECM synthesis and miR-30 targets CTGF signaling 
(Pandit et al., 2010, Am J Respir Crit Care Med, Mann et al., 2010, Gastroenterology).  
Technically speaking, the cell types used were very different in the quoted studies (TGF-
treated hepatocytes (Roy and Tu), and cardio- myoctyes/fibroblasts (Duisters)) compared to 
our study in quiescent VSMCs.  
  
6) Supplementary Figure 3: although the quantification and the title of the figure caption state that 
LNA-miR-29 does not affect macrophage content in atherosclerotic plaques, the representatives 
figures apparently suggest a rather strong effect. While this could reflect a substantial variability in 
the effect, the authors could perhaps consider revise this figure with a figure more representative of 
the general trend.   

Thank you.  This figure has been amended. 

 
7) Statistics: the methods used for verifying the assumption of the test used for rejecting null-
hypothesis (e.g. in case of ANOVA) should be explained.  

Our original null hypothesis was that decreasing miR-29 levels would not affect indices of 
plaque stability, and that each of the group means would be equal.  Using three groups of 
different animals with different treatments, our samples were appropriately independent to 
utilize a one way ANOVA and a rigorous post-hoc test.   This was confirmed by a statistician 
at Yale (Dr. Hongyu Zhao) prior to experimentation.  We appreciate that the reviewer is most 
likely asking about the normality assumption and homogeneity of variances assumption in 
ANOVA. The former assumption can be visually checked by Q-Q plot or tested by Shapiro-
Wilk test on the variables or residues. The homogeneity of variance be checked by Bartlett or 
Levene’s test.  

 

 

 

Comments to Reviewer 3.  
 

Specific comments - major: 
1.  Figure 4 (A) - To be able to judge the relevance of ECM regulation by miR-29, it would be 
important to see a more comprehensive list of the regulated proteins from the proteome data set.  

Supplementary figure 6 addresses this requirement.  Proteins in the table have an FDR<0.05. 

 
2.  Figure 4 (A) -The authors claim that fibronectin 1 (FBN1) and MMP2 are miR-29 targets. Is the 
expression of these two proteins up-regulated when the anti-miR-29 is expressed? The authors 
should include luciferase reporter assays to validate the interaction between miR-29, FBN1 and 
MMP2. 

Previous validation work for FBN1 (Segupta et al., 2008, pubmed ID#18390668 and van Rooij, 
2008, pubmed ID#18723672) and MMP2 (Liu et al., 2010, pubmed ID#20194304) have already 
been confirmed targets of miR-29 using mRNA and  luciferase assays.  In our secretome study, 
FBN1 secretion was significantly affected in the anti-miR-29 treated cells (supp.fig. 6), and 
MMP2 was secreted but not significant (Bayes Factor=0.895, Fold change=-0.124, FDR=1).  
The effect of anti-miR on the magnitude of derepression is due to the abundance of the 
endogenous miR and its loading of a specific mRNA into the RISC complex.   

  

3.  Material and Methods - This section lacks information how miR-29a, -29b and -29c expression 
levels were assessed by qPCR (Supplementary Figure 1). The authors should provide detailed 
information in the Material and Methods section.   

This concern is noted and details were added. 
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4.  Supplementary Figure 1 (A) - The authors claim that administration of either LNA-control or 
LNA-miR-29 had no effect on total cholesterol levels. As illustrated, it seems, however, that there is 
a significant difference in total cholesterol levels when compared to the saline control. What is the 
explanation for this observation?  

Statistically there was no difference, and this effect was confirmed in independent cohorts of 
animals. 

 

5.  In a recent paper (Kurtz et al., Scientific Reports 2015), it was also reported that in 
vivo blockade of miR-29 by LNA-based oligonucleotides reduces plasma cholesterol levels by 40%. 
How do the authors explain these different results?   

We have seen and appreciate the findings in this paper, but note several key differences with 
our studies.  First, Kurtz et al. studied C57BL/6J WT female mice on a chow diet, while we 
utilized C57BL/6J ApoE-/- male mice on an atherogenic diet for our analysis.  The lipogenesis 
and the resulting lipoprotein profile for these mice would be very different, with HDL being 
the largest fraction in WT mice, and VLDL being the largest fraction with almost undetectable 
HDL in an ApoE-/- mouse.  With total cholesterol being a log higher in our mice, these lipid 
differences would effect a different inflammatory response and pathology.  Furthermore, the 
Kurtz paper used five times the dose of LNA that we utilized.  Most importantly, the end 
points were different and time to harvest very different, as we were interested in long term (14 
weeks) disease pathology compared to short term (1 week) gene effects in presumably healthy 
mice.  While we have not personally used the Exicon LNAs against miR-29, Kurtz did not use 
an LNA control in their study and wonder if there is liver inflammation [Swayze et al. (2007) 
Antisense oligonucleotides containing locked nucleic acid improve potency but cause 
significant hepatotoxicity in animals. Nucleic Acids Research 35]. 

 
6.  Supplementary Figure 1 (B) - The expression levels of the miR-29 family members were 
quantified in several mouse tissues after administration of LNA-control and LNA-miR-29. However, 
the experimental set-up used ("10mg/kg twice in the first week then weekly for a month") is different 
from the one depicted in Figure 1 ("4mg/Kg biweekly for 14 weeks"). What is the rationale for the 
different treatment regimens?  

The characterization of the LNA was at 10mg/kg, however we have repeated these studies 
using the 4mg/kg dose, and thus have included to this data which is more appropriate and 
relevant to our study.  

 
7.  Supplementary Figure 1 (B) - Which housekeeping gene was used to normalize the qPCR data? 
Such information is absent in the Material and Methods section. The Y-axis labels should be 
replaced since a microRNA is not a messenger RNA (mRNA).  

These data are normalized to RNU6. Since there was concerned about the higher dose of LNA, 
we have repeated the experiment at the dose amount used throughout the paper (4mg/kg). In 
this new panel (supp. fig 1B) we have confirmed targeting of the LNA by highlighting 
significantly reduced levels of miR-29a/b/c in vessels. 

 
Specific comments - minor: 
8.  Title- Typographical error: "antgonism" should be replaced by "antagonism".  

This has been corrected. 
 

9.  Discussion- I do not understand the meaning of "The mechanistic basis for why mimicry or 
antagonism of miRNAs does not affect physiological processes is not known." Please explain or 
rephrase. 

This has been amended to “The mechanistic basis for why LNA-miR-29 only affects diseased 
tissue is not known.”  

 
10.  Material and Methods -"Experimental Animals" - The authors provide a short description on 
the pharmacokinetic profiles of LNA-based oligonucleotides. This information is not particularly 
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helpful in the material and methods section. Such information should be integrated somewhere else 
in the manuscript. 

This has been amended and moved into the results section. 

 

 

 

Comments to Referee #4 

 
1.) The first paragraph of the results section and the methods both cite a LNA dose of 4mg/kg. 
However the figure legend of Supp. Fig. 1 cites a different dosing schedule and a dose of 10mg/kg. 

This concern has been noted by another reviewer, and we have amended this panel to include 
new data from mice treated with 4mg/kg documenting targeting in tissues (supp. fig. 1). 

 
2.) LNA-miR29 appears to inhibit miR-29a,b,c equally per Supp. Fig. 1. Is it a pool of isoform 
specific oligos or a single sequence that tolerates some mismatches?  

While the specifics of the LNA are largely proprietary, our collaborator has informed us that 
the LNA is a single sequence that tolerates some mismatches and targets all three miRs. 

 
3.) Supp. Fig 1 shows no significant reduction in miR-29 levels in skin yet the methods section 
describes "...significant oligo accumulation in spleen, bone marrow and distal skin." Also if there is 
significant oligo 
accumulation in bone marrow and spleen is miR-29 repressed in macrophages and/or other 
leukocytes that may impact atherosclerotic lesion development and stability? 

This is a very good question which we are addressing in ongoing studies, as we know that miR-
29 is expressed in macrophages and T-cells.  Several publications implicate miR-29 in the 
differentiation of and influence on IFN-g production in T-cells, as well as affecting the 
infiltration of macrophages in pulmonary fibrosis (Steiner et al., Immunity, 2011, 35, Smith et 
al., J Immunol 2012, 189, Ma et al., Nature Immunology 2011, 12, Xiao et al., Molecular 
Therapy 2012, 20).  While we do not see changes in circulating levels or in plaques between our 
study groups, we cannot exclude that regulating miR-29 might influence the activity or 
differentiations of these cells in the early inflammatory stages during initiation of fatty streak 
atheromas.  Therefore bone marrow transplant studies are being conducted to evaluate the 
influence of miR-29 knockout bone marrow derived monocytes and leukocytes in 
atherosclerosis progression and plaque remodeling. 

 
4.) Figure 3a shows increased COL1A1 and COL3A1 expression in plaque vs non-plaque tissue. 
Was miR-29 equally repressed in both plaque and non-plaque tissues? 

In the LNA-miR-29 treated mice, miR-29 levels were reduced to less than 5% of endogenous 
levels in both nonplaque and plaque tissues. 

 
5.) Why was miR-30 used as the control in Figure 4? 

miR-30 and miR-29 are both expressed in VSMC, however miR-30 does not target Col3A1, 
which would make the use of miR-30 as a control a valid miR choice.  Furthermore, this assay 
was already published in which miR-30 and miR-29 were manipulated by antimiR and mimic 
interventions, so most experimental conditions were already optimized (Abonnenc et al., Circ 
Res, 2013, reference #11). 

 
6A.) In Figure 1, are the lesions in LNA-miR-29 mice significantly different from saline control mice 
or only LNA-control mice? 

When ANOVA with Bonferroni was performed on all three groups, there is statistical 
significance (root p=0.002/BC p=0.003). 
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6B.)  The difference in sizes is not very large at the selected time point on this diet. Have other time 
points and/or diets been tested? 

Our original hypothesis was that lowering miR-29 levels would affect plaque composition, not 
lesion size, so reduced lesion size was not anticipated.  We have not tested other diets or 
timepoints. 

 

7.) Figure 2 uses two panels of pentachrome stained sections to shows fibrous cap and necrotic 
areas. Why couldn't necrosis and fibrous cap be shown on the same image? This would allow 
individual panels to be larger and therefore may more readily highlight the differences between the 
groups (particularly for BC fibrous cap area). It may also be helpful to outline the total plaque for 
reference. Also no black bar is shown in 2A root saline.  

We chose to separate the panels so the reader could appreciate the intricate differences 
highlighted by the Movat pentachrome staining in the representative images per readout.  
More importantly, in saline and LNA-control images the large necrotic cores encroach into the 
fibrous cap area, which would make it hard to visibly delineate the difference characteristics.  
We have amended Figure 2A to add a black bar. 

 
8.) The title line of the legend for Supp. Fig 1 was incomplete on my copy.  

This has been amended. 

 
9.) At first glance there appears to be significantly less CD68 (green) staining in Supp. Fig 3A LNA-
miR-29 (upper left panel). Perhaps a different magnification or better delineation of the areas 
quantified in Supp. Fig. 3B would better illustrate the relevant comparisons. 

This panel has been amended such that the representative image better represents the group. 

 
10.) It is unclear what the magnified inset boxes are intended to show in Supp. Fig. 4A as, for 
example, the boxes for saline and LNA-control both show substantially more Ki-67 (green) staining 
than LNA-miR-29 yet the graph in Supp. Fig. 4B shows the opposite trend. 

The insets show representative areas of costaining from each figure, but are not meant to be 
representative in the amount as is graphed in sup. fig. 4B.  With that being said, the 
representative picture and legend have been amended to clarify this purpose.  
 
 
 
2nd Editorial Decision 29 March 2016 

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have 
now received the enclosed reports from the referees that were asked to re-assess it. As you will see 
the reviewers are now globally supportive and I am pleased to inform you that we will be able to 
accept your manuscript pending the following final amendments:  
 
1) Please address the minor comments from referee 3. Please provide a letter INCLUDING the 
reviewer's reports and your detailed responses to their comments (as Word file).  
 
Please submit your revised manuscript within two weeks and I look forward to seeing it.  

 
***** Reviewer's comments *****  
 
Referee #2 (Remarks):  
 
The manuscript has been suitably and thoroughly revised and is now acceptable for publication.  
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Referee #3 (Remarks):  
 
The authors have addressed my concerns in the revised version of the manuscript. The paper will be 
of interest to the broad readership of EMBO Molecular Medicine.  
 
 

 

Referee #4 (Remarks):  
 
The manuscript reports improved plaque morphology associated with chronic administration of 
LNA-miR-29. Overall the manuscript is well written and concise. I think the manuscript would be 
improved by addressing the following.  
 
1.) The authors state that "LNA-miR-29 effectively neutralized all miR-29 isoforms in several 
mouse tissues (Fig. EV1B)". " but only show data for arteries. The impact on miR-29 levels in 
additional tissues should be shown, particularly as they note oligo accumulation is highest in the 
kidney and liver. While inhibition of miR-29 may not have an immediate impact on fibrosis of 
healthy tissues (as shown in Figure EV5), it would almost certainly cause an exaggerated response 
to pro-fibrotic stimuli/comorbidities. I also think showing the level of inhibition in other tissues 
would be of interest to readers who might be considering LNA based approaches for other 
conditions.  
 
2.) The y-axis label in Fig. 3A includes "(p/np ratio)" but the graphs show individual values for both 
P and NP. The figure legend states "Three assays were carried out, ..., n=4,3,4." I assume n=4,3,4 
respectively represents the number of mice for the saline, LNA-control, and LNA-miR-29 cohorts 
but it is unclear if three assays refers to three independent P and NP areas from each mouse or 
simply triplicate PCR amplification.  
 
3.) The last paragraph of the results section describes COL3A1 as the most highly regulated protein 
following both mimic and anti-miR treatment. However, the data in Supp Fig 6 seems inconsistent 
with that statement as there are several proteins with larger fold changes, equivalent FDR and, at 
least for the mimic-29 treated, larger Bayes factors. I also think generating comparisons that show a 
positive fold change for well established miR-29 targets (collagen, etc) in cells treated with anti-
miR-29 (panel A) as well as ranking by fold change (instead of FDR) would offer a more intuitive 
order for the data.  
 
 
 
2nd Revision - authors' response 01 April 2016 

Response to Reviewer #4 acceptance comments.    

We would like to thank the reviewer for his/her suggestions.  The comments are listed followed by 
our response in bold.  

 

Referee #4 (Remarks):  
 
The manuscript reports improved plaque morphology associated with chronic administration of 
LNA-miR-29. Overall the manuscript is well written and concise. I think the manuscript would be 
improved by addressing the following.  
 
1.) The authors state that "LNA-miR-29 effectively neutralized all miR-29 isoforms in several mouse 
tissues (Fig. EV1B)". " but only show data for arteries. The impact on miR-29 levels in additional 
tissues should be shown, particularly as they note oligo accumulation is highest in the kidney and 
liver. While inhibition of miR-29 may not have an immediate impact on fibrosis of healthy tissues (as 
shown in Figure EV5), it would almost certainly cause an exaggerated response to pro-fibrotic 
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stimuli/comorbidities. I also think showing the level of inhibition in other tissues would be of interest 
to readers who might be considering LNA based approaches for other conditions.  

This is a good point but we have not quantified miR-29 in tissues other than the vessels and do 
not have access to remnant tissues to complete this experiment at this stage.    In pilot studies 
in normal mice, LNA-miR-29 did suppress miR-29 isoforms in heart, lung, and aorta when 
dosed at 10mg/kg, which is higher than the 4 mg/kg chronic dosing in the atherosclerosis 
study.   We do not think we should include the 10mg/kg data since we did not use this amount 
in any of the in vivo data presented.   

  
2.) The y-axis label in Fig. 3A includes "(p/np ratio)" but the graphs show individual values for both 
P and NP.   

This normalization has been clarified in the legend in the revised MS. 

The figure legend states "Three assays were carried out, ..., n=4,3,4." I assume n=4,3,4 respectively 
represents the number of mice for the saline, LNA-control, and LNA-miR-29 cohorts but it is unclear 
if three assays refers to three independent P and NP areas from each mouse or simply triplicate 
PCR amplification.  

 This is corrected in the revised MS.  

 
3.) The last paragraph of the results section describes COL3A1 as the most highly regulated protein 
following both mimic and anti-miR treatment. However, the data in Supp Fig 6 seems inconsistent 
with that statement as there are several proteins with larger fold changes, equivalent FDR and, at 
least for the mimic-29 treated, larger Bayes factors. I also think generating comparisons that show a 
positive fold change for well established miR-29 targets (collagen, etc) in cells treated with anti-
miR-29 (panel A) as well as ranking by fold change (instead of FDR) would offer a more intuitive 
order for the data.  

This is a good point.  However, while there are other proteins that were detected with larger 
fold changes in either the pre-miR or anti-miR treated supernatants, COL3A1 is the protein 
that appears higher on both sides relative to other proteins.  
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  1DegreeBio	
  (see	
  link	
  list	
  at	
  top	
  right).

7.	
  Identify	
  the	
  source	
  of	
  cell	
  lines	
  and	
  report	
  if	
  they	
  were	
  recently	
  authenticated	
  (e.g.,	
  by	
  STR	
  profiling)	
  and	
  tested	
  for	
  
mycoplasma	
  contamination.

*	
  for	
  all	
  hyperlinks,	
  please	
  see	
  the	
  table	
  at	
  the	
  top	
  right	
  of	
  the	
  document

8.	
  Report	
  species,	
  strain,	
  gender,	
  age	
  of	
  animals	
  and	
  genetic	
  modification	
  status	
  where	
  applicable.	
  Please	
  detail	
  housing	
  
and	
  husbandry	
  conditions	
  and	
  the	
  source	
  of	
  animals.

9.	
  For	
  experiments	
  involving	
  live	
  vertebrates,	
  include	
  a	
  statement	
  of	
  compliance	
  with	
  ethical	
  regulations	
  and	
  identify	
  the	
  
committee(s)	
  approving	
  the	
  experiments.

10.	
  We	
  recommend	
  consulting	
  the	
  ARRIVE	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  (PLoS	
  Biol.	
  8(6),	
  e1000412,	
  2010)	
  to	
  ensure	
  
that	
  other	
  relevant	
  aspects	
  of	
  animal	
  studies	
  are	
  adequately	
  reported.	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  
Guidelines’.	
  See	
  also:	
  NIH	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  MRC	
  (see	
  link	
  list	
  at	
  top	
  right)	
  recommendations.	
  	
  Please	
  confirm	
  
compliance.

11.	
  Identify	
  the	
  committee(s)	
  approving	
  the	
  study	
  protocol.

12.	
  Include	
  a	
  statement	
  confirming	
  that	
  informed	
  consent	
  was	
  obtained	
  from	
  all	
  subjects	
  and	
  that	
  the	
  experiments	
  
conformed	
  to	
  the	
  principles	
  set	
  out	
  in	
  the	
  WMA	
  Declaration	
  of	
  Helsinki	
  and	
  the	
  Department	
  of	
  Health	
  and	
  Human	
  
Services	
  Belmont	
  Report.

13.	
  For	
  publication	
  of	
  patient	
  photos,	
  include	
  a	
  statement	
  confirming	
  that	
  consent	
  to	
  publish	
  was	
  obtained.

14.	
  Report	
  any	
  restrictions	
  on	
  the	
  availability	
  (and/or	
  on	
  the	
  use)	
  of	
  human	
  data	
  or	
  samples.

15.	
  Report	
  the	
  clinical	
  trial	
  registration	
  number	
  (at	
  ClinicalTrials.gov	
  or	
  equivalent),	
  where	
  applicable.

16.	
  For	
  phase	
  II	
  and	
  III	
  randomized	
  controlled	
  trials,	
  please	
  refer	
  to	
  the	
  CONSORT	
  flow	
  diagram	
  (see	
  link	
  list	
  at	
  top	
  right)	
  
and	
  submit	
  the	
  CONSORT	
  checklist	
  (see	
  link	
  list	
  at	
  top	
  right)	
  with	
  your	
  submission.	
  See	
  author	
  guidelines,	
  under	
  
‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  submitted	
  this	
  list.

17.	
  For	
  tumor	
  marker	
  prognostic	
  studies,	
  we	
  recommend	
  that	
  you	
  follow	
  the	
  REMARK	
  reporting	
  guidelines	
  (see	
  link	
  list	
  at	
  
top	
  right).	
  See	
  author	
  guidelines,	
  under	
  ‘Reporting	
  Guidelines’.	
  Please	
  confirm	
  you	
  have	
  followed	
  these	
  guidelines.

18.	
  Provide	
  accession	
  codes	
  for	
  deposited	
  data.	
  See	
  author	
  guidelines,	
  under	
  ‘Data	
  Deposition’.

Data	
  deposition	
  in	
  a	
  public	
  repository	
  is	
  mandatory	
  for:
a.	
  Protein,	
  DNA	
  and	
  RNA	
  sequences
b.	
  Macromolecular	
  structures
c.	
  Crystallographic	
  data	
  for	
  small	
  molecules
d.	
  Functional	
  genomics	
  data	
  
e.	
  Proteomics	
  and	
  molecular	
  interactions
19.	
  Deposition	
  is	
  strongly	
  recommended	
  for	
  any	
  datasets	
  that	
  are	
  central	
  and	
  integral	
  to	
  the	
  study;	
  please	
  consider	
  the	
  
journal’s	
  data	
  policy.	
  If	
  no	
  structured	
  public	
  repository	
  exists	
  for	
  a	
  given	
  data	
  type,	
  we	
  encourage	
  the	
  provision	
  of	
  
datasets	
  in	
  the	
  manuscript	
  as	
  a	
  Supplementary	
  Document	
  (see	
  author	
  guidelines	
  under	
  ‘Expanded	
  View’	
  or	
  in	
  
unstructured	
  repositories	
  such	
  as	
  Dryad	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  Figshare	
  (see	
  link	
  list	
  at	
  top	
  right).
20.	
  Access	
  to	
  human	
  clinical	
  and	
  genomic	
  datasets	
  should	
  be	
  provided	
  with	
  as	
  few	
  restrictions	
  as	
  possible	
  while	
  
respecting	
  ethical	
  obligations	
  to	
  the	
  patients	
  and	
  relevant	
  medical	
  and	
  legal	
  issues.	
  If	
  practically	
  possible	
  and	
  compatible	
  
with	
  the	
  individual	
  consent	
  agreement	
  used	
  in	
  the	
  study,	
  such	
  data	
  should	
  be	
  deposited	
  in	
  one	
  of	
  the	
  major	
  public	
  access-­‐
controlled	
  repositories	
  such	
  as	
  dbGAP	
  (see	
  link	
  list	
  at	
  top	
  right)	
  or	
  EGA	
  (see	
  link	
  list	
  at	
  top	
  right).
21.	
  As	
  far	
  as	
  possible,	
  primary	
  and	
  referenced	
  data	
  should	
  be	
  formally	
  cited	
  in	
  a	
  Data	
  Availability	
  section.	
  Please	
  state	
  
whether	
  you	
  have	
  included	
  this	
  section.

Examples:
Primary	
  Data
Wetmore	
  KM,	
  Deutschbauer	
  AM,	
  Price	
  MN,	
  Arkin	
  AP	
  (2012).	
  Comparison	
  of	
  gene	
  expression	
  and	
  mutant	
  fitness	
  in	
  
Shewanella	
  oneidensis	
  MR-­‐1.	
  Gene	
  Expression	
  Omnibus	
  GSE39462
Referenced	
  Data
Huang	
  J,	
  Brown	
  AF,	
  Lei	
  M	
  (2012).	
  Crystal	
  structure	
  of	
  the	
  TRBD	
  domain	
  of	
  TERT	
  and	
  the	
  CR4/5	
  of	
  TR.	
  Protein	
  Data	
  Bank	
  
4O26
AP-­‐MS	
  analysis	
  of	
  human	
  histone	
  deacetylase	
  interactions	
  in	
  CEM-­‐T	
  cells	
  (2013).	
  PRIDE	
  PXD000208
22.	
  Computational	
  models	
  that	
  are	
  central	
  and	
  integral	
  to	
  a	
  study	
  should	
  be	
  shared	
  without	
  restrictions	
  and	
  provided	
  in	
  a	
  
machine-­‐readable	
  form.	
  	
  The	
  relevant	
  accession	
  numbers	
  or	
  links	
  should	
  be	
  provided.	
  When	
  possible,	
  standardized	
  
format	
  (SBML,	
  CellML)	
  should	
  be	
  used	
  instead	
  of	
  scripts	
  (e.g.	
  MATLAB).	
  Authors	
  are	
  strongly	
  encouraged	
  to	
  follow	
  the	
  
MIRIAM	
  guidelines	
  (see	
  link	
  list	
  at	
  top	
  right)	
  and	
  deposit	
  their	
  model	
  in	
  a	
  public	
  database	
  such	
  as	
  Biomodels	
  (see	
  link	
  list	
  
at	
  top	
  right)	
  or	
  JWS	
  Online	
  (see	
  link	
  list	
  at	
  top	
  right).	
  If	
  computer	
  source	
  code	
  is	
  provided	
  with	
  the	
  paper,	
  it	
  should	
  be	
  
deposited	
  in	
  a	
  public	
  repository	
  or	
  included	
  in	
  supplementary	
  information.

23.	
  Could	
  your	
  study	
  fall	
  under	
  dual	
  use	
  research	
  restrictions?	
  Please	
  check	
  biosecurity	
  documents	
  (see	
  link	
  list	
  at	
  top	
  
right)	
  and	
  list	
  of	
  select	
  agents	
  and	
  toxins	
  (APHIS/CDC)	
  (see	
  link	
  list	
  at	
  top	
  right).	
  According	
  to	
  our	
  biosecurity	
  guidelines,	
  
provide	
  a	
  statement	
  only	
  if	
  it	
  could.

F-­‐	
  Data	
  Accessibility

G-­‐	
  Dual	
  use	
  research	
  of	
  concern

C-­‐	
  Reagents

D-­‐	
  Animal	
  Models

E-­‐	
  Human	
  Subjects

n/a

The	
  following	
  antibodies	
  were	
  used	
  (all	
  from	
  BioLegend):	
  FITC-­‐Ly6-­‐C	
  (AL-­‐21),	
  PE-­‐CD115	
  (AFS98),	
  
APC-­‐Ly6-­‐G	
  (1A8),	
  BV412-­‐CD8	
  (53-­‐6.7),	
  APC-­‐cy7-­‐CD4	
  (RM4-­‐5),	
  PE-­‐cy7-­‐B220	
  (RA3-­‐6B2),	
  APC-­‐CD19	
  
(6D5),	
  PE-­‐IgM	
  (RMM-­‐1).	
  	
  CD68(Serotec,	
  MCA1957),	
  monoclonal	
  Anti-­‐Actin	
  α−smooth	
  muscle-­‐Cys	
  
antibody	
  (SIGMA),	
  Ki67	
  (Abcam	
  66155)	
  were	
  also	
  utilized.

No	
  cell	
  lines	
  were	
  used.

Eight	
  week	
  old	
  male	
  ApoE-­‐/-­‐	
  mice	
  obtained	
  from	
  Jackson	
  Laboratories	
  (B6.129P2-­‐Apoe	
  tm1/Unc/J,	
  
#002052,	
  Bar	
  Harbor,	
  ME),	
  were	
  fed	
  a	
  WD	
  (D12108C,	
  Research	
  Diets,	
  New	
  Brunswick,	
  NJ)	
  
containing	
  40%	
  kcal	
  from	
  fat	
  and	
  1.25%	
  cholesterol,	
  and	
  kept	
  under	
  constant	
  temperature	
  and	
  
humidity	
  in	
  a	
  12	
  hour	
  controlled	
  dark/light	
  cycle.	
  	
  

Animals	
  were	
  housed	
  and	
  cared	
  for	
  in	
  the	
  Yale	
  Animal	
  Resources	
  Center	
  under	
  IACUC	
  rules	
  and	
  
standards.

We	
  are	
  compliant	
  with	
  these	
  guidelines.

We	
  do	
  not	
  use	
  human	
  subjects.

n/a
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