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Original submission 

First decision letter 

MS ID#: DEVELOP/2019/187021 

MS TITLE: Downregulation of the GHRH/GH/IGF-1 axis in a mouse model of Borjeson-Forssman-
Lehman Syndrome 

AUTHORS: Helen M McRae, Warren S Alexander, Jozef Gecz, Tim Thomas, and Anne Kathrin Voss 

I have now received all the referees reports on the above manuscript, and have reached a decision. 
The referees' comments are appended below, or you can access them online: please go to 
BenchPress and click on the 'Manuscripts with Decisions' queue in the Author Area. 

The overall evaluation is positive and we would like to publish a revised manuscript in 
Development, provided that the referees' comments can be satisfactorily addressed. Please attend 
to all of the reviewers' comments in your revised manuscript and detail them in your point-by-point 
response. If you do not agree with any of their criticisms or suggestions explain clearly why this is 
so. 

Reviewer 1 

Advance summary and potential significance to field 

This paper provides novel insights in the role of PHF6 in causing BFLS. It directly links PHF6 to 
GHRH/GH/IGF-1 signalling, which, at least in part, might explain some of the phenotypes that are 
observed in human BFLS patients 

Comments for the author 

This is a very well conducted and scientifically sound study. Appropriate models have been used 
and the statistic analysis is sound. The only point is that at the mechanistic level, there is no clear 
explanation how loss of PHF6 will exactly cause aberrations in GHRH/GH/IGF-1 signalling. However, 
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I believe that this might be beyond the scope of this manuscript. Given this, I only have a few 
minor suggestions to improve the manuscript. 
 
1. Can the authors speculate in the discussion on how exactly PHF6 might regulate the 
GHRH/GH/IGF-1 axis?  
This could be as a result of an epigenetic role for PHF6. However, a recent Genes and Development 
paper (PMID: 29089422 ) showed that PHIP/BRWD2 also physically interacts with PHF6. This PHIP 
gene has previously been identified as a possible regulator of IGF signalling. Maybe this potential 
association can also be briefly mentioned in the discussion. 
 
2. Please also add the initial reference that describes PHF6 mutations in AML as well in the 
introduction. 
 
 
Reviewer 2 
 
Advance summary and potential significance to field 
 
This manuscript describes an analysis of various mouse models that are either heterozygous or 
hemizygous for the X-linked PHF6 gene, as an animal model for human Börjeson–Forssman–Lehmann 
syndrome (BFLS). This is a rare human intellectual disability syndrome with associated short 
stature, truncal obesity gynecomastia and genital hypoplasia. The data presented is compelling and 
of interest, and implicates regulation of the GHRH/GH/IGF-1 axis by PHF6. A number of mouse 
models are created for analysis but for each one there are gaps in their analysis that would 
consolidate the overall mechanism proposed. Suggested additional measurements and revisions are 
outlined below. 
 
Comments for the author 
 
1. Initial data in Figure 1 shows significantly reduced postnatal growth rates for heterozygous 
germline female mice on a 100% C57BL/6 genetic background and also for hemizygous germline 
deleted male mice on a mixed (FVB/BALB/c) genetic background but curiously only the latter mice 
are characterised from this point on in detail for the GHRH/GH/IGF-1 axis, related to growth 
regulation.  
Do you find the same endocrine deficits in growth hormone physiology with the Phf6 female 
heterozygotes? This would strengthen the overall mechanisms proposed for the role of PHF6 in the 
regulation of the GHRH/GH/IGF-1 axis. 
2. Was there a reason behind the choice of the mixed FVB/BALB/c genetic background, rather than 
a mix with C57BL/6?  
3. In Figure 1, the authors show that Phf6-/Y male mice have increased white adipose content 
which is of interest as BFLS is sometimes characterised with truncal obesity. This is not followed up 
further or even discussed later in the manuscript. What of lean mass in these mice. GH/Igf1 also 
controls skeletal muscle mass. Could DEXA be used to further assess the adiposity phenotype and 
lean mass in Phf6-/Y mice? 
4. The manuscript reports reduced GH secretion and pituitary GH levels reduced GH mRNA levels, 
and also reduction in the expression of some of the other pituitary peptides. Have the authors ruled 
out developmental hypoplasia of the pituitary itself? What were the pituitary weights/BW for the 
various mouse model lines? Is the histology of anterior pituitary normal and are all five cell types 
present in relatively normal cell numbers? This could be assessed by immunohistochemistry with 
specific antibody markers to the five anterior pituitary cell types. 
5. In Figure 3D, reduced expression of Igf1 is shown in the liver of Phf6-/Y mice. An important 
additional measurement would be to show that circulating Igf1 levels are also reduced or at least 
that Igf1 protein levels were also reduced in the liver (by western analysis). 
6. In the Nes-cre-mediated nervous system-specific deletion model, there is again a reduction in 
body weight with loss of Phf6. As with previous analysis it would be useful to have an analysis of 
GH, Igf1 levels and given the Nes-Cre used, analysis of GHRH levels or expression in the 
hypothalamus. 
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First revision 
 
Author response to reviewers' comments 
 
We would like to thank the editor and the reviewers for the time and effort spent on reviewing our 
manuscript. 
 
 
Reviewer 1 
Advance Summary and Potential Significance to Field: 
This paper provides novel insights in the role of PHF6 in causing BFLS. It directly links PHF6 to 
GHRH/GH/IGF-1 signalling, which, at least in part, might explain some of the phenotypes that are 
observed in human BFLS patients 
 
Comments for the Author: 
This is a very well conducted and scientifically sound study. Appropriate models have been used 
and the statistic analysis is sound. The only point is that at the mechanistic level, there is no clear 
explanation how loss of PHF6 will exactly cause aberrations in GHRH/GH/IGF-1 signalling. 
However, I believe that this might be beyond the scope of this manuscript. Given this, I 
only have a few minor suggestions to improve the manuscript. 
 
Response 
We thank Reviewer 1 for the positive comments made and very much appreciate the comment that 
finding the exact explanation why loss of PHF6 causes aberrations in GHRH/GH/IGF-1 signalling might 
be beyond the scope of this manuscript. 
 
Reviewer 1: 
1. Can the authors speculate in the discussion on how exactly PHF6 might regulate the 
GHRH/GH/IGF-1 axis? 
This could be as a result of an epigenetic role for PHF6. However, a recent Genes and 
Development paper (PMID: 29089422 ) showed that PHIP/BRWD2 also physically interacts 
with PHF6. This PHIP gene has previously been identified as a possible regulator of IGF 
signalling. Maybe this potential association can also be briefly mentioned in the discussion. 
 
Response 
As requested by the Reviewer, we have added a discussion addressing how PHF6 might regulate the 
GHRH/GH/IGF-1 axis including the specific interaction of PHIP/BRWD2 with PHF6 citing (PMID: 
29089422) on page 13. 
 
Reviewer 1: 
2. Please also add the initial reference that describes PHF6 mutations in AML as well in the 
introduction. 
 
Response 
As requested by the Reviewer, we have added the reference that describes PHF6 mutations in AML 
as well in the introduction on page 3. 
 
 
Reviewer 2 
 
Advance Summary and Potential Significance to Field: 
This manuscript describes an analysis of various mouse models that are either heterozygous or 
hemizygous for the X-linked PHF6 gene, as an animal model for human Börjeson–Forssman–
Lehmann syndrome (BFLS). This is a rare human intellectual disability syndrome with associated 
short stature, truncal obesity, gynecomastia and genital hypoplasia. The data presented is 
compelling and of interest, and implicates regulation of the GHRH/GH/IGF-1 axis by PHF6. A 
number of mouse models are created for analysis but for each one there are gaps in their 
analysis that would consolidate the overall mechanism proposed. Suggested additional 
measurements and revisions are outlined below. 
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Reviewer 2 
Comments for the Author: 
1. Initial data in Figure 1 shows significantly reduced postnatal growth rates for heterozygous 
germline female mice on a 100% C57BL/6 genetic background and also for hemizygous germline 
deleted male mice on a mixed (FVB/BALB/c) genetic background but curiously only the latter mice 
are characterised from this point on in detail for the GHRH/GH/IGF-1 axis, related to growth 
regulation. Do you find the same endocrine deficits in growth hormone physiology with the Phf6 
female heterozygotes? This would strengthen the overall mechanisms proposed for the role of 
PHF6 in the regulation of the GHRH/GH/IGF-1 axis. 
 
Response 
All Phf6Y/– males with BFLS are all affected, whereas female carriers are not all affected. 
Based on these clinical data, we have concentrated on the male mice and would expect 
variability in the Phf6+/– female heterozygous mice compared to male Phf6Y/– mice, possibly 
in part due to differences in X-inactivation skewing between individual female animals. 
However, to address the Reviewer’s request, We have assessed Igf1 mRNA levels in the 
livers of female Phf6+/+ wild type and Phf6+/– mice on a mixed FVB/Balb/C background, RT-
qPCR. The data are displayed here: 
 
 

 
 
 
Liver Igf1 mRNA levels in Phf6+/– female mice compared to controls 
RT-qPCR data of Igf1 mRNA levels in the liver of 7 to 9 week old FVB/BALB/c Pfh6+/– 

heterozygous females vs. wild-type littermate controls are shown. 
Data are presented as mean ± SEM of arbitrary units corresponding to the Cp values and are 
normalized to the housekeeping (HK) gene, Gapdh. The slight reduction in mRNA levels in 
the heterozygous mice did not reach statistical significance. 
Please note that the body weight difference between the female Phf6+/– heterozygous mice and 
wild-type littermate controls is modest on the C57BL/6 inbred background (~13%, Figure 1A) and 
on the mixed FVB/BALB/c background (~20%, Suppl. Fig. 1C). Considering normal biological 
variance, in addition to potential variation in the degree of X-inactivation skewing, the contrast 
between Phf6+/– heterozygous mice and wild type was unlikely to provide an opportunity to detect 
differences between wild type and heterozygous female mice. 
 
Reviewer 2 
2. Was there a reason behind the choice of the mixed FVB/BALB/c genetic background, 
rather than a mix with C57BL/6? 
 
Response 
We routinely use FVB/BALB/c when we need an outbred background, because the mice 
produce exceptionally large litters (up to 18 pups), which makes it easy to obtain mutant 
and control animals of the same sex within one litter. 
 
Had we used mice on a mixed genetic background with 50% C57BL/6 contribution on 
average, the C57BL/6 contribution and the other genetic background chosen would 
segregate unevenly (e.g. in the offspring of an F1 x F1 cross), creating mice with low or high 
C57BL/6 contribution. Our breeding data indicate that we encounter the Phf6+/– mice 
female fertility problem that is associated with the C57BL/6 background at the higher end 
of the possible C57BL/6 contribution. 
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C57BL/6 Phf6+/– females or females with high C57BL/6 contribution do not give birth 
naturally and so only one litter per female can be recovered by Caesarean section, giving 
rise to only 5 pups on average (2.5 male and 2.5 female pups on average). Only one half of 
the females are Phf6+/– heterozygotes (1.25 pups of the single litter on average) and so a 
replacement rate of only 1.25 Phf6+/– females per Phf6+/– females, that is if all pups survive 
the fostering. Therefore, the colony expands at less than 0.2 per mouse generation, 
producing 1 or 2 surplus females that can be used for experiments per every 10 breeding 
females. 
 
Back-crossing the Phf6+/– mice on a mixed genetic background to C57BL/6 resulted in 
breeding problems in less than 3 generations. Furthermore, Phf6Y/– mice were severely 
runted in this C57BL/6 enriched background (only 25% of wild type body weight), which was 
too severe to model BFLS well. 
 
Like the BFLS patients, Phf6Y/– mice on a mixed FVB/BALB/c genetic background are viable 
and live to adulthood. Furthermore, like the PHF6+/– female carriers of the BFLS mutation, 
female Phf6+/– mice on a mixed FVB/BALB/c genetic background are fertile and raise their 
offspring. 
 
Overall, the mixed FVB/BALB/c genetic background seemed to model BFLS better. 
 
 
Reviewer 2 
3. In Figure 1, the authors show that Phf6-/Y male mice have increased white adipose 
content, which is of interest as BFLS is sometimes characterised with truncal obesity. This 
is not followed up further or even discussed later in the manuscript. What of lean mass in 
these mice. GH/Igf1 also controls skeletal muscle mass. Could DEXA be used to further 
assess the adiposity phenotype and lean mass in Phf6-/Y mice? 
 
Response 
To address the Reviewer's comment we have used micro-CT to assess the adipose tissue and 
body volume. The results have been added as a new figure panel to the pre-existing Figure 
1. 
 
Reviewer 2 
4. The manuscript reports reduced GH secretion and pituitary GH levels, reduced GH 
mRNA levels, and also reduction in the expression of some of the other pituitary peptides. 
Have the authors ruled out developmental hypoplasia of the pituitary itself? What were the 
pituitary weights/BW for the various mouse model lines? Is the histology of anterior 
pituitary normal and are all five cell types present in relatively normal cell numbers? This 
could be assessed by immunohistochemistry with specific antibody markers to the five 
anterior pituitary cell types. 
 
Response 
As the Reviewer requested, we have added an assessment of the pituitary gland by histology 
and of the hormone-producing cells within the pituitary by immunofluorescence and image 
analysis. The new data have been added as a new Figure 5 and a new Supplemental Figure 
5. 
 
Reviewer 2 
5. In Figure 3D, reduced expression of Igf1 is shown in the liver of Phf6-/Y mice. An 
important additional measurement would be to show that circulating Igf1 levels are also 
reduced or at least that Igf1 protein levels were also reduced in the liver (by western 
analysis). 
 
Response 
As the reviewer requested, we measured circulating IGF-1 levels. The new data have been 
added as a new panel to the pre-existing Figure 3. 
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Reviewer 2 
6. In the Nes-cre-mediated nervous system-specific deletion model, there is again a 
reduction in body weight with loss of Phf6. As with previous analysis it would be useful to 
have an analysis of GH, Igf1 levels and given the Nes-Cre used, analysis of GHRH levels or 
expression in the hypothalamus. 
 
Response 
To address the Reviewer's request, we have determined Igf1 mRNA levels in the livers of 
Nes-cre Phf6 deleted mice. The new data have been added as a new panel to the pre-
existing Figure 4. 
 
 

 
 
Second decision letter 
 
MS ID#: DEVELOP/2019/187021 
 
MS TITLE: Downregulation of the GHRH/GH/IGF-1 axis in a mouse model of Borjeson-Forssman-
Lehman Syndrome 
 
AUTHORS: Helen M McRae, Samantha Eccles, Lachlan Whitehead, Warren S Alexander, Jozef Gecz, 
Tim Thomas, and Anne Kathrin Voss 
ARTICLE TYPE: Research Article 
 
I am happy to tell you that your manuscript has been accepted for publication in Development, 
pending our standard ethics checks.  
 

 


