(‘?!;) Oyl 018 gle &y pating

Olrl Gols pele ezl Olwd,S olKisls
N 3l o g Jd g5 calizo o Cdl ;0 GH-IGFL je2o b 45 oyl
T el il FTanlS )88 ey S Tl Ulo T bl N ieslge e
IR G 20 0P RO e O PR ORR peeRle
U‘)"‘ sd.e,.wo sd.erw.o C;wjé)_‘i olf.m.“b ‘LS))BL““S aai.ulo “snb r:sl.c 05; -\
Ll sl ca¥ol cag Vol olBails ¢ ygainly  Sladon dusgo -V
Ll e ol cag Vol olils « S psls g (ol pole 09,5 o Sladod 35 10 (g (ol (& Seids 5 S5 ol 09,5 -F
Wil u¥ol o 59 5 ceaps Wil Glibios dunsge o ols slo aslolu-d
stefan.hiendleder@adelaide.edu.au : Jstus s g Juos! *
oS

w8 S aloxl jaome cpl sla 5 0550 ;0 (e0b ;) Olalllas o ls ol by sla 435S ;0 god g Al )0 cote Jlwo i@ GH-IGFL 9o
s S 05 Ol aslllas (pl 50 0 0 929 o5 43T yo ) alisie olhe g b 23l 50 0 Gl 990 50 (el DAL jgie a5
s LS 5 (g A) Wi plEin YVY 5o, (aises V¥) lasly 51 L VO 5 (4iged £+) FA glags, o il pyaiz 4o GH-IGF1
dGFIR &Y M5 9V (OIS IGFL AGFL slo 5 yla (6,5 ojlail sl Real time-gPCR isSTy 5o (6,5 olasl (43503 YY) LSS
Jele suims Jlasl (2559, GHR-1C .GHR-1B .GHR-1A GHR Lol coiigis, GH IR-B UR-A (IR) (yelgmsl 08 Lol coiigis,
WS S B (e e ,o AIGFBP8 4 IGFBP7 IGFBP6 AGFBP5 AGFBP4 IGFBP3 AGFBP2 ((IGFBPL) \ gl aci o,
il ol ye 50 48 ols lis <m0 1y eols ol 655 GHAIGFL jgme sla o5 oyl s oolicias] aday 5 ISl azenle ey

sl cdb o b clbgig, 45T ol E.‘a..u Cudlad 0929 dalllas 0,90 sl <L ;0 GH  _azis L8 MRNA TR 09 Sglaio ju ged

Ol 40 G X cusle w38l IGFBP4 s GHR JUGF1 Lo QT 40 oS S glisul 4 oy uveTs I PR RV S SOUY PR P oy

0y Gilises Jolie s b Col aen 4o s LB sb 4 GHR 5 IGFL o o3 oLy s sonlie IGFBP6 4 IGFBP3 IGFBPL IR

S5 s o5 50 Cyeiz JolS5 5 0, ;5 GHR-IGFL (550 i L wlgs oo 45 (0.73-0.99, P<0.05) sl (6l sins (Sinrod
0S5 Ol esiz 505 98 dGFL tgunls slaojlg

dodlo

o9k jsmme (nl Wls Wi 5l 5 (i ged 9 0D 02 50 (cege A (GHAIGFL) ) (gl 4l ol 9251 — 0l (y50 50 55200
s i « (IR) el (6l 005 8 o IGFL 003 e (GHR) w, 119050 005 55 c0i 5 s dGFL g GH 350,50 50 Lol ovas
(Kim, 1997) IGFBP10  _JIIGFBP7 sl IGF 4 Jlasl gl yieS Jsles L IGFBPS iypizeon 5 (IGFBP1- 6) IGF L owisd Lot
8y Alidee olhe g b <8l 50 (5 Olo 9550 50 (elr DM joim a4z 5 a3 S plonl jeme nl sla 05 9590 53 s3k ) Slallla
5 B la S8l 5l gy b o 1) oSS g 0y g sl SHL 5 2y (0900 908 sla Slad LIS IGFL sty 5l 3529 o5 568
5 ol (Lonergan, et al 2000) lagls ;o i oS &Y 5l LS al> 0 ;0 IGFL aas 5,8 (Nakae et al. 2001) g 5l o
iyee oo lals 51 Sl T 15T 6 5l (6 y2aS Wi (5 i IGFL Ll nUll T gl fs a5 s iige ol 0dds ks oo
Jaie sla (uiig a5 s,y (0 Lk 4 (LeRoith et al. 2001) ol md oy A5 5l e Olyg0 50 o diile (0 0033 a5 Sl Jige
286 clodign 5,00 IGF (glial i b golie uads &l 51 o sge 10 IGFBP (is aiiS oo s |, IGF (sla colad IGF & oigss
\


mailto:stefan.hiendleder@adelaide.edu.au

X Sleslp slso,iniin ot

>

Olrl Gols pele ezl Olws S ol8isls

A g

v

Wood et ) scisls Wl sla hge 4 Cas (555,50 oS o5lail § 1SS Jxb Lol csolas flis |y gods, ialS aiSa IGFBP2
Gy 5138 o 15l S S IGFL adgs ol S e S lgie 444 Sl udsd 008 5l Bdas 0, (50,99 o) oobe @, 2000
(Harvey, 2010) WS Jos o,ST)k a8 ol oSy olsie & Sl (5o 45 055 o 8l S0 sl <l 5l pany 13 GH s sl
Sl )3 (55 Ol 9)90 3 (sl DMl j9um 4z 5 wid 5 plowl ilide sla 4598 )3 GHAIGFL jae sla ()5 9,90 55 ook Slalllas
Buizs opl plil )l G (Ghanipoor-Samami & Javadmanesh et al, 2018) 5 las 0g>4 9l 45,0 o, calisee J>lo 5 o
DS alS B de ae le Bl o (Sl o5 g plSe (i (Slsy Al e ez 50 GHAIGFL jome slo 05 ol (o) 2

B b9y 9 9lge

Gl wgmdis a0 Ao - Lo ;o g RNAlater Jolows ;o b aigad .aiods ol o000l 5 00550 0,095 T 0ol 4Y a5l s cdl
dGF1 sla 5 oylo 6,5 o3lail 1, Real time-gPCR ziSTly 51 .ol as-lw CDNA (g3l os, 4 RNA zlseul 51 e g 2ial
GHR- GHR-1A GHR Lol cuigig, GH AR-B AR-A . (IR) ydgudl 00 o5 Lol cudgig, dGFIR (Y WS ¢\ IS IGFL
Cligigy B o Slgly8 0 eolaw! IGFBP8 4 IGFBP7 IGFBP6 IGFBP5 AGFBP4 IGFBP3 IGFBP2 .IGFBP1 .GHR-1C 1B
plxl MIQE s jlasbiw! e o 2STg adS g o awlons PCR STy oloaily (28,8 s 0 b o lasbiw! _jioxie g, 5l eoliiul b cdan
(Bustin et al, 2009) «.%

MRNA z2 09 Oylaie ju god alitee ol j0 a5 (1 JSK0) ol las il jo o |y cols lo oI GH-IGFL joe sl 5 Lo
Ol 5 (s alides Ll 0 GHR a5 aas oo lid 09250 sl ool .Zuilai 0429 anlllas 5,90 slo 8L ;o GH saseis LB
sl g0 ,00 Jlasl oLl aS Ll 5l g 8,005 0929 Ags 5l LB ged g oy 40 GH ks (25 5l (50 ol aSolou] 5l sl ool olo
.\Jj.: )‘ QLB J"j" )OGHR LS“'AB"B) 6‘)" 6)1"5 JJY\) Cnl L}X.o.c \))‘O g9 (Alwd w] 0,99 L)"?M a5 PL BPRL ale )iaé
O 30 8 WS glistl @ wg iz <l 5l 5 nl el e e Sab o e Slgig, ST ol plaw andl alils s4mg 45 4o
IGF1 sl )5 le .ouis caalive IGFBP6 4 IGFBP3 AGFBPL dR Ly 10 (6, g g Colils (]33 IGFBP4 3 GHR (GF1 L,
L wilgy 0 a5 (0.73-0.99, P<0.05) auztils g5l pmn (Swor 0y Gilize Jo>l 0 g o Cl don jo 42s5 LB job 4 GHR

S5 g ol 50wz JalSS 5 0, 53 GHRAGFL (5 om0 i

100000 IGF1 IGF1 Class 1 10000 IGF1 Class 2
10000 1000
1000
100
100
10 10
1

& & LS

& & &
& & P UG
Q\'bb *}b V<8 Q¥ v

® @

L

> & & . s S &
I & &

C,
%
7



'{'ﬂ: )R gle oy naiins

Ol ol e assl

&
A g

Olws S ol8isls

L 4

100 IR 100 IR-A 100 IR-8
10 10 10
m) m) m mMEm m) m MEm mj m) M@m
1 1 1
S S @ N O e e T S S WP S R SR \'o A O o @
& & \,@Q @8‘& T «F & \>"Q\,°<,°° *}b& s @»g «e-‘}) & & \5‘ o @b‘*\?’ = @30 &
100000 IGFBP1 IGFBP2 IGFBP3

10000 1000
10000 1000
1000
100
10
m| m m m m mi |m m m@m
1 1

3
9? . &
Nl Q\‘b“ '{-\ \’ wk«*’ N

-
o o L O
Q\

mg (M (M (mgm

\\Q
&V

IGFBP4 IGFBP5 IGFBP6

1000 1000

2 S 2 S @ .
Q‘éb ‘P \*_\ 6‘\*\0‘;} '\Q"’\ Q\’b Q\Q‘b \.‘{.\?- \*.\ G\ Q%\\{"(} ‘\6‘-"0
IGFBP7 IGFBP8
Hl Embryo
Bl Fetus
0 =] C-Section
3= Juvenile
m m m mam
1

RS B P A T I
0y & o & N & N
¥ ¥ \>Q\,d° & W ,@s &

95 50 Wgi 3l 9 Gy Jo 0 9 hlie gl <l yo GH-IGFL jame sl ()5 oyl Jalig ) S5



'j‘?!D Ol lsr gle )i (ol @

Olrl Gols pele ezl Olws S ol8isls

A g

v

&lw

Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, Kubista M, et al. 2009. The MIQE guidelines: minimum
information for publication of quantitative real-time PCR experiments. Clinical Chemistry. 55(4):611-22.

Ghanipoor Samami M., Javadmanesh, A., Burns BM, Thomsen DA, Natrass GS, Estrella CAS, Kind KL,
Hiendleder SG. 2018. Atlas of tissue- and developmental stage specific gene expression for the bovine insulin-
like growth factor (IGF) system. PlosOne. 13(7): e0200466.

Harvey S. 2010. Extrapituitary growth hormone. Endocrinology, 38: 335-359.

Kim H-S. 1997. Identification of a family of low-affinity insulin-like growth factor binding proteins (IGFBPs):
Characterization of connective tissue growth factor as a member of the IGFBP superfamily. Proceedings of the
National Academy of Sciences, 95(10): 5841.

LeRoith D, Bondy C, Yakar S, Liu J L and Butler A. 2001. The somatomedin hypothesis: 2001. Endocrinology
Reviews, 22: 53-74.

Lonergan P, Gutiérrez-Adan A, Pintado B, Fair T, Ward F, Fuente J D and Boland M. 2000. Relationship between
time of first cleavage and the expression of IGF-I growth factor, its receptor, and two housekeeping genes in
bovine two-cell embryos and blastocysts produced in vitro. Molecular Reproductive Dev, 57(2): 146-152.

Nakae J, Kido Y and Accili D. 2001. Distinct and Overlapping Functions of Insulin and IGF-I Receptors.
Endocrinology Reviews, 22(6): 818-835.

Wood T L, Rogler L E, Czick M E, Schuller A G and Pintar J E. 2000. Selective alterations in organ sizes in mice
with a targeted disruption of the insulin-like growth factor binding protein-2 gene. Molecular Endocrinology, 14:
1472-1482.


http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200466
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0200466

'j‘?!D Ol lsr gle )i (ol @

Olrl Gols pele ezl Olws S ol8isls

A g

v

A comprehensive expression analysis of GH-IGF1 axis transcripts in bovine pre- and postnatal
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Abstract

GH-IGF1 axis has a crucial role in growth and development in mammalian species. Genes involved in this axis
have been studied extensively, although there is not a comprehensive and detailed expression data set on tissue-
and developmental-stage specific expression in cattle. The present study demonstrated transcript abundance of
GH-IGF1 axis genes in several bovine tissues in days 48 (60 samples) and 153 prenatal (73 samples), day 277 at
birth (6 samples), and 1-year old juveniles (23 samples). Quantitative real time-PCR was used to quantify transcript
abundance of IGF1 overall transcript, IGF1 class 1 and class 2, IGF1R, insulin receptor (IR) overall transcript, IR-
A, IR-B, GH, GHR overall transcript, GHR-1A, GHR-1B, GHR-1C, insulin-like growth factor binding protein 1
(IGFBP1), IGFBP2, IGFBP3, IGFBP4, IGFBP5, IGFBP6, IGFBP7 and IGFBPS, in brain, cotyledon, heart,
kidney, liver, lung, skeletal muscle and testis. GH-IGF1 axis transcripts showed specific pattern of expression in
each tissue that differed across developmental stages. There was no detectable GH mRNA in studied tissues. The
present data showed that GHR transcript was expressed in a variety of bovine fetal and embryonic tissues. Since
there is no published evidence of a direct role of GH in prenatal growth and development and since the ability of
binding other ligands such as PRL and PL, which are specific to gestational age, there could be other mechanisms
contributing to differential GHR transcription during bovine fetal development. The abundance of most transcripts
in postnatal tissues was lower than in fetal tissue, except in liver, which showed increased IGF1, GHR and IGFBP4
expression and no change for IR, IGFBP1, IGFBP3 and IGFBP6 transcript. IGF1 and GHR transcripts were
significantly correlated (0.73-0.99, P<0.05) across all tissues and developmental stages which could be explained
by a role of GHR-IGF1 axis in prenatal growth and development in bovine.
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