Edinburgh Research Explorer

Skeletal energy homeostasis

Citation for published version:

Oldknow, K, Roberts, F, Lovdel, A, Farquharson, C, Morton, N, MacRae, V & Cawthorn, W 2017, 'Skeletal
energy homeostasis: a paradigm of endocrine discovery', Journal of Endocrinology, vol. 234, no. 1.
https://doi.org/10.1530/JOE-17-0147

Digital Object Identifier (DOI):
10.1530/JOE-17-0147

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
Journal of Endocrinology

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

Download date: 24. Jan. 2022


https://doi.org/10.1530/JOE-17-0147
https://doi.org/10.1530/JOE-17-0147
https://www.research.ed.ac.uk/en/publications/83d8d8dc-6b35-4dca-aff4-5052c3a1c76f

Page 1 of 37 Accepted Preprint first posted on 28 April 2017 as Manuscript JOE-17-0147

e # U & '
C D ' t C . - /0
" "1 2/(
( ; « . L .3 "1 45 6
7 89
s
18 & < $ $ <
# 42/

Copyright © 2017 by the Society for Endocrinology.



$ -

A A

! (E4:5ADC -

1<

P<

" AASC' B

<<

Page 2 of 37



Page 3 of 37

$ $ $ 9
17 $
& A AC ( $$
-$ $
1S CAAE . O
e <
i < C -
- <
< 0 <
C &
AA2C (
< < 1'%
-<
&
A > ' AAAC
$ 1< <
< $ $ 3
- $1&
AGCB 9 < - <
< - < &
G - << 9%

$

1< (5AD

il << 9%

AD -

4D $

4

C oF
P<
!
& $
500C" (
$ 3
$
! &
AD & $ ¢
<
0 1
$i6
$ & <



o<

36% 0

$$

91

I o<

6 <

' 550C" ,

91

%

91

55/> %

- $

&

Page 4 of 37

A 20" +$<

" BE/C



Page 5 of 37

9 $ 9 91 ! <1 (/4
< . 91 B < $ H <
< < ! 1 o< $< $$! $ -
8 AAD> B ! AGB ! A C ! - B $
$ 'B 9 1
& 1< (#(CSH .- 1< $ - B
-9 $ P< ! .B
& $ $ ! $ 0 A2(CB
$ & - 9 <
$ < - 1 4:$ $ -B B
$ /- & $ - $ 3 C:$
$ 9! B < $ <
- -1 $! - 8 A2 A2C0(
<1 < 9 & 1< $
9 : - 20 20- $ $ 't o12 -
< - B << ; I< - '$ - - &
9 '( < & $ B
'A4 B - . - A% $ - -
$ ' ( << 1< ) . $
& $ & ! I o< < &
] <91 CA



Page 6 of 37

¥ - & - ? & !
9< - $ -
< < $ I < < < %1B %1B ©
<l < < I< < @ %% C %% !
$ ! < $ 69 C $
< -$ 9 - i J A %%
<1< < %o ] R T B %% < ]
1 91 < 1 - $ < -$ 6 -
C < - . < < % C 63 ! ' 55A J
A %% - . $ << - <
< $ 0 J A D
9 ' 5540 %% : < - $
< < . i1 A/
( < << 1 < I< - $ & < 1 $<
$ ! 1 - < -
- . A ( W < 1 B - $ <10
- $ < < $ - -
$ $ - - -
1 $ '
¢ < - < < %1B %1B $3$ -
LR < -$ 1 - LK < ! B * AAC %1B %1B
$ 9 & . % - S$ 9

$$ < < < < $ ' 9I< <



Page 7 of 37

9 LN <
- 9! B § %
B & AG 1 39 A20 & $
$ < < < $ 5
vy
( < - ww L S - o<
< < 1< (
$ '$ $ - $ - & -
AAC%% L -- ' $ <
< @
& $ - $5
- $ - - - <
$ $ - $ <
< Po< 1 < c
$ - $ " $ $ 1& %%
$ $ - < - %%
0 A4 ( $< 9 1
< - -- - $<
%% $ 0 - %% 0-1-C G2
< & < I<
$ & $ & $ (

$B B

< : %%

L

%%

"AD



Page 8 of 37

< $ < $1 < $ 1 <
@ J A AC 9 $< J 8
J C %% L - ! (F ' < $
'l & J $ - &
< k-2 < $ -
$ $ (F - & $ $ '
< I< & J i - A AT
$% & -
&! - - '$ $ -
& - I< 'B o< -
< 6 -
$ 0+ AL $ - 1
< - < S qr. e N: F6C
<
$ & < i+ (€00 A2 $ WEN: F6
< & ! $ & $! <
$ L ! $ !
$ -IEN F6 & < - $
< o) A 20 (
< - - < !



Page 9 of 37

B - < ! 0 ! P (1 oo< C# (
9 ! 1.1 8( 6C ! B !
H: 9 ! <
AA2> < $ A+ - <
< < K3 <
g - < ce <. $ AL -
$ < ! & $ $<
F 1 - < - < (C
< i3 $ AAD> < $ A - <
( 0 < P #H#(
' $ - ! 1 $
<! ! < 5 - - 1
( < & $ # (< $ $ !
<1 - Tt I - <
f< 1 <IC< < < 1 $ 1< !
< < 11 11 $ $<
s - $ <1 . - B J:6 A 4C
+ & < 1 & < i3 (C <
! $ 3 & < 1 &



Page 10 of 37

< < < ! & .< < - $ $$
< $ $ 9& < @ ! (
1 9! $ < $<< $: $
(% < - ! o
AA2C' 3 ( <$ ! # ( - S
& $ 6 <. $ AN3( ] !
$ B BB & $ & 3 ( $
<& < [ 3 (
$ $ < 9 $< & 9<
i1 "H5EC < ) o<
& # ( ! < & $ < 1 (
$ R .S <1 & ) 9< < << . -
3 (0 <. $ AL#H A C
H < 1< 9 - (&
$ & ! ! & $
' $ -5 - (
o< % ! (- $
$ $ 0 AT ( (
i & & - $ - $ < $ &i $ &
$ 1o << 1 &% & !
- A S $ MO & $ &< 9
! & o AA C & < 1

- $ < . 9< 9% 9 < 6 $



Page 11 of 37

0 A /C ( $ & <1 $! ! <
< ! $ L AG J
A /C
( - & < e C - e @
C - < $ ! $ & ! &
<< i A4+ ( < $ (
< 9% < $ | < ! -
< 1 < & $ & ( - $ $
<$ I< 1 $ « $ $
% AAD> < $ A /C
! $ $ - - C+ $ $
( < - B C
-0 & AL F "AAF YA 4T
$ !B & 9 & (o< B A GC
( ( # (<! ' ' $ ' $
& < ! ($! !
- < < < - $ < 9 1(6 $
A/ & - ! i+ :21 C :C@ ' AAOC
< B o< < ) & AL ' AASC
< & ( 9< &



Page 12 of 37

< & < $ & <! (6
A D $ " AA/C
C D
( - < $< 9 1 $
- & 1
$ + <
P$< 9< & ! $ $ $
$ #H < &! $ ! - s -
$ $ < < L] C
> t
+ -5 < B! F - & $!' B
§ 3FC $ 1 9< $ $ -$! B
$ &i# ALT AN ( < <1 '
3F 1 $ 1 (
< - & $ $ ! $! $
< - $ + 2
o ( < ' $ < 1
& $ &S $ -
- : . - ) $ AN ( < A /C 3!
& < R S $! $



Page 13 of 37

& 3F;, # F <-: (F C
< - i 9c¢C N < S0 W e - $
& - : (e : ¢ < < 1L & - 16 CiT "A2C
$ $ & $< $ $ <! $
! & $ +
! 9< < 1 - <
< ! $
1 & ! <
1y - -
< < $ ! - %
- B $ $ 9 9! $
91 B ! 3F < 03
55AC" $ I< $ <
1 ( - <
$ $ & 1 $ $ - &
< ! - el B 0
! < H: < - < 1
> GC'
< -- <. - 3F
< F ! r- $ <$ -
< $ - -$ '$



Page 14 of 37

1< - (
< < $! B $ & & < 1! $
-- -1 $ 0 < < C B! B
<< < B2 (U ! . - F
10 1 -F 1 - 1
& ! $! $
$ D . ©OAAEC ) LBl S
- $ $< -
$ $ & 'F < - 3F 0
$ < B! $C $ $< - &
$ $ $ ! < - $ &
$ $ & - $& - $< 9 $
$! $ - r- <I- 3F<
D t
6 12/ & < 1 A/AQ A 20 (
$< .- 1 . < < I
- 1 $ - & ( - -
- 1 1
< - $$ < $ 0 A C o+
9 - 1
$ $ - -

A% $ &



Page 15 of 37

tI< $ WCF ¢ $ 103 FC7
$ - $ - - : < -
0 A D AAQC'
13 F 1< F §(F ¢! (F (F <
1 - P$< $<
< g A0 ( &
<< - < <1 . $ $ < -
- ! $ $ !
$ t ! $ ' (F < - -
< - & 3 F &
- + $ < <1 < 9 - 3 F
& - & o< ! <
$ $ < 16 AA> & D AA C
1& 1 < <1 $ $ !
< - $< 91 ! < &
- - &
$ I o< i & J "AAC
$ $ - - $< & < ! $
9 1 < $ & $< S
< < - 7 $ < i < A 2C
$ & - & &
3 F $ $< & $ & !

o< . $ . B &



AL %

" A/

$

(F

(F

Page 16 of 37



Page 17 of 37

Cl

3

"AG

9<

A/C(



('TS'I

A AC

$ L &

A2

A/l F

+6 :

6

A AC

AL F

A2 1

o<

( o<

A 20+

AN

"MB ( $<

P<

" AA/C

Page 18 of 37



Page 19 of 37

< $ < - 1 < - +
1 < 0
AN J " AAC i< - <
$ - $ < & B
"% & < - - $ -9 -
-$$ I< - < ' $ !
- U H ¢ - 1 $
0 < < I<< ¢ ( $< P 1
$< B < ' 1
! @ 550C < & < - 1 < -
< 9 < < ' &
$ < $ $ < < $
< < < < $ 1< H & $!
& 0 " AAOC' F . <
< < $ < ! .& 3 F'+ < <
< - < - $
< 1& - -1 & < < &
- < 1< $ - $ 0 " A GC
$, t
( < -< & 9< - $
/AD § A /C $ ! 1'$ < &!
< ) 9< - & ; < % $,



< $ . <<
- i A/ (
< ' 9 $<
16 it - +
- $ 9 <
$ < < -
< $
< - $
$
!
$ B <
-1
1 $<
< ! $
- < $ F 1
< $
- 0 A /T
( & &

$

9%

1< $

ot 2t 2

Page 20 of 37



Page 21 of 37

%%

$

&

%1B 1%B C

"%

+ $ -
$ $ -<
P<
1 <
$ -
$
&
'$ $
! !
<< <<
$
& $ $<
AOC@
- $
- ''$
A 1 <
$< -

GC'

7

W F



Page 22 of 37

R < <1 L & &
$ $ ' $ ! & <$
- < $ << - $ $
- $
F i ( - - < <
P< | I <
4 & & << ! Q $
0 I A G/10(C 3 L 3 033 C
- $ - ¢+ . % . $F$ 6 0331 AA/G 21 >33 I"'IFI A 2400
+H $ ( + - & @ AASE 1JI GIJC'
& . 3B
(B $ X $ . Lt ¢ X 1 X
J$ X $ B V.V T X - 1

- $ - $ $ &< - E/2:E44'



Page 23 of 37

tF A2+F F

3 $ Y ARO (

3 F $ %F

$ < $! $°

20: 0

3 & %F $ %F

6 < ;< - B

A5 : ASG'

3 1

$$ 1< % :;
$ $ '
F 3 O
+ $<3Y

$ &$

6 ' AA2 $

Y % % 55/ F

< P< 1. $%:

v 6Y3 A/

% . BB
& +H% "

33 $ F(

AG:

FY

-$

$

4l

< $!

$

F;

02425:245 '

$3"1 S

# +

< < 1
$ $ 6 <
< P< ! //
Y % 5E/ $
B < <
Y 6 . # 55A% $
$ $ $
/0 04A2: 04 '
F 3 1 F - %
< 1 < <
4EA: 4E/
Ll VAR
$ < 6
" 1 5E5: 550
B < B ! F W
Y T A4+$B< -
ot $ 2 3 0:6/°
$ 3 1 .T 3



Page 24 of 37

< . """ % .3G2E:
G04'
$ 3F # 1
H A4 "< $ & -F $ ! $ < <
- $+ < & I< :
r & % $ -4 2:46/"
X . << B JF Y . A/B9 .0$ <
1< . < $ ' #" 1E42
+ & << FY A ( $ &% $
I< ¢ ' ../ /00:/EG'
"3, # T T 6 ! 3 F
3 " AAO % < < < < - <
' $ o%.1.t o0
Y J:6 Ad < 1 < ; < &
$ $< 4 /0 :/OF'
9 %1 .Yl - 1A 3 $
' # 255 :55F
F Y3 & AAFl $ - - $ P
v $#  1./60://G
FI (( $C $. %% -1 % Fu :=$
6 < " "A2F $ ! - & 3 6 %1B %1B
F & - 1< ' /E :/EE'
F F ! 6%Y( A/3 9 "D * *



Page 25 of 37

F ( $ % F % J+ 3 Y
3 9 A A .5 & < 1 & $
& .$ ” .0 AOE: AEE'
F 1 & 1J 3 1 F B J J Y
Ad 1. F o+ 3 & < ( i (€3 F
( 3 403 12 ' .-3 AG : AGO"
J 6 6 Y 3 6
A 4 . $ $; < < $ .3 0 04E /E'
J % 1 &1J F . B i - Y
AG &- D &< < ' $ ** % 15564:5/4'
# X J& (F F % ( F 1%Y 16
AA+ ) ; . $ . A% $
2. 52:GAE'
6 $ Y % A43 1 -3
«C C +- 3 $ 30
/ 072
(o0 # - Y ( $ A 4 + : J
C J # $ ! %W L F 3 :
. -3 /E :/EE'
J F6 $ F T # F 1
3 ] " AA+ < ) ) ] <

I $< ' 2. GA5:G &'



. /G0’

%

1

. 6

<!

..45A55 E'

AG+6 :

++

500

AA2 3

(

00: 52'

'&

SE

$

# Y1l

"&

%

( 3 YT A
< <

( & J Y
! &P '& W .02 :20
6 A/ $ -< B
00 AE: 2

$ 504E:02 *
- . < &!

' (  $# 31.GE4:652

r - $ J %%

TS "t 4 G/ GAN

(

- & <

2/ GG5:6/4'

AA2% < I -

.1 40G: 40FE'

< F $$

" .1 G: GG

Page 26 of 37



Page 27 of 37

< Yy $
$ $ & & < &
24: 0
Y3 $ AAC(C - $ -
1 $ $ -/ A FE
16Y A ( - &
L 25 G /.G A
16 .1 Y $ AA5 6 -
& .02 5:2/F
16YB " A23 " c, 9<
-t $$ /2 /E: 42
J 3 AA N %% < %W . BB
< $ - I< $ '& - 05G:EA '
& 11 F - 9 F
- FX ' AAO ™ . - '$ $ !
/25
O .X3 1 H H# X 0 XYO
< < $ < & <
$ ! - $ ot & $ 2/%
J 1 Y A &
- $ $ ' 0 52 :52F'
93 % $ X
1 J # & ( ' 554 $ 1 < %
< $ "1 -4-//E: /4!

$<! L

% .5
% F
-3/42:
AG &
&
%% -
6 <



Page 28 of 37

AAO , . < A $ $ - I<
3. G/G: G40
% - 9 # 6 FJ $<
X A2 B 1. + 1
-- - B P < "9 ' " %.- AQE: A5’
% H 3 . Y 16 A2 B ! --
$ $ $ $ 7" %0 A/ AO
J 6 < ( J 3 Y6 F6 AG ( $< 9
& '$ ! $ < 9 ; &'
R /. /40:/0E
Y AG 9 ! $ $
$ GG’
$ " (C . < JF Y :J 3 AN L. < .
<< . < . $ $ s $ & $1 $ ; -
%W . BB < - (6 : I3 % . .< & - G05:
GE5'
+ J 101 - X0 1 $
3 "AO / < << - << ! : < '
1
+ A/B < - ) <
< P$< ', $ -, .35/ 0:5/GE'
< % J FF $ 3 & J Y A2



Page 29 of 37

cyYy F AA2 < - < .< ;
< < D) /0 GAA:G A’
B & X : 1 3 . 3 F
16 Y AG %1B %1B ; - - !
$ J ' $"" y H# UX3 ' + "

1B3B ' AOAGA:400/ —

B & "Y A4 - ;
$ < < ! $ 0 5
B ! 1J # - 9 T $ % $
1 ' AGB $ $ - 1

< 9 -/ /GG
B ! $ 6 $ B 1 $ 1 $ J
F 1% AT ; -$ - 1l ' 22 052:EA5'
% P ( FF- 6 # FB - %

%J] %Y - A23 + 3 F( % + <1 & B
3 .o $ % D -4//
% ( 3 Y 3 #'" AAO - $
< . $ $ &%$ $ -$ 1
25 EEA: EEE'
% 6 $ ; % YF $ %F 5 +$< $
. $$ 9! - ; 0 . < C 1& $
" / 2
D X## X < B3 & 3 "< 3 3Y

AAE 1 $: F <-: < H . <



< 1 : < $ B !
$ < $! ' 0§ 52: A0’
$ 'F Y # A/ -1 $
<1 ' ; 4: /0
30 .O#H# $3BYX . XA # <$
' & #H# $# D) % 2'
& % Y AM/1 $ %1B %1B 9
< - < < $ < < < < -5. 45:
24'
$ 6F AA% -$! B 31 EG: 5 '
3 . J %Y % AA5 & -
$ $ <$ - < $<
1 A5 7/
"FY < $ 3 A/H & & & -t o/ A/
' 39 + 6 F F
JF ( A2+ - -
& & - F o $ 1 $ < < -
< $ & << "( "6+ B "y - '
" F $ 3 & H% 3# 3 F
X3 J % ''Ad < - < -
< 1 $ & "1 / OEAE'
R AL H# ¥ $ & o & <
$ $ v $# - /GA

Page 30 of 37



Page 31 of 37

Y $ . AA4 +

h .3 0/: E

&

1S (% Y

G /G '

Y & +H#%

DS

<!

- 1 G G: GGA'

&

6 $ % B (
$ $ < <<
F" 16 .." " Y %
AA B &P &
% .0 0/5: 04/
% 1 ! & Y6 - A
3 & < ( 1< < 3
% < (C F+ "/
% 14 GGO: G/2'
A23 $ & < LB
.5 4A:42'
"AA < $
! - ' 2/
$ & < :
.5 GE'
$C % 3 Y AAE *'-- -
1 < $ < < & $ '
$ O6F A/ . $ - $ <
2
1 % FY#H (W
$ < ! ' $ $



< - I< & $
E
1 O 1 Y1l
# -6 - GOO:GE '
% 6 % % 3
» 9! $ &
& $ "%+FB I $
+H " & 3 1 &
;< $ -
H $J % J
% R " ' A4 6 , <
B F-- 3 $ '
# 3 I$% < X 16
1 A 3 < 1 F
1% 03 G22:G02'
T 1 # .6 ( XY®6
< . ' " /5: 44
o F $ (C C F Y

Page 32 of 37

< ' 3% 20 G/:
AAA ( 1o -
6 $ Y F$ %F 550
< - $$ 1< <-
" %5.05:0/
Y ' F A/ 1 $
3 0: GE
$ FO .1 (+3 (

/  402: 45"
1 % 6
(< -(C %
A2 1 $ : %
A2+ $ !
2 20MA/



Page 33 of 37

/16

'O

*

+



#8'

95

2%

<8= I ;<8>
9
$
$ &
5

G

=

Page 34 of 37



Page 35 of 37

P

-
-
-
-
-
-
-
-
-

’_—"—-—-—-—-—-—-—-—-—-—-—-—-—-—-—

N s N R S R R R

N
~,

v e s e

g,

oY



Page 36 of 37

P ———— g

WK
\—lllllllllll \
)2

——————————y

14

N T ———
SN R R R R R S R R

. 40 4

o e e e e e e e e e #

e o e e e e e e o e e

P

, Cushing’s

-
-
AN N NN N N NN NN NN S NN NN SN SN NN NN SN SN SN NN NN S SN NN NN S S NN NN S R A

e
e ®jLet

e e N i e e e

\
1
I
I
I
I
I
1

’
\
1
I
I
/

Gaucher’s

Cushing’s

oo

——

S

==\ Yo mm——————

Y A —— //ﬂ
A
S’
4

s\
i

" S S S

]

S R R .

N\,



Page 37 of 37



