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Cortisol is produced by adrenal gland cortices under ACTH control;
it plays an important role in numerous physiological processes
(metabolisms, immune system, central nervous system).

In porcine production, fonctional variability of HPA axis influences
important traits such as growth rate, feed efficiency, carcass
composition, meat quality, newborn survival.

Genetic selection for leaner carcasses has also reduced cortisol
production, the consequences of which have still to be analysed.
Our research objective is the study of genetic mechanisms
responsible for individual variation in HPA axis activity and its
functional consequences.
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Sensitivity of the adrenal cortex to ACTH

Is the main source of genetic variation in cortisol production
Is an individual trait
Pigs - Hennessy et al. 1988
Humans ‘Adrenal phenotype’
Bertagna et al. 1994 ; Coste et al. 1994
Is heritable
h2=0.26 half-sib analysis in 357 litters from 24 boars (D.P. Hennessy)
Divergent selection
® In chicken, response to ACTH (Edens et Siegel, 1975)
* In trout, confinement stress (Pottinger et Carrick, 1999)
The objective of the present work is to search for molecular
mechanisms responsible for genetic variation in adrenal cortex
responses to ACTH
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Experimental design

Large White / Meishan (males, 7 weeks)

Control / ACTH (Synacthen, 250 pg/animal) - 1 hr before
slaughter
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Harvest of adrenal glands (1h), extraction of total RNA,

retrotranscription and 33P labelling
Hybridization on nylon membranes (CRB GADIE, INRA) spotted with 8959 multi-
tissue cDNA clones (Bonnet et al. BMC Genomics 2008, 9:17)

Two successive hybridizations :

1- Oligonucleotidic probe

- Plasmid vector (cDNA libraries):
pT7T3D (2.9 kb)
- Oligo T7 (kinase) 33P labeling

2- Complex probe

- Retrotranscription of total tissue RNA
- 33p labelling (reverse transcriptase)

=> Measure of the amount of
cDNA at each spot

= Measure of individual
adrenal gene expression
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Quantification of hybridization signal

Exposition of membranes to radiosensitive screens

Detection with phosphoimager (resolution < 25 um)

Quantification by AGScan software (SIGENAE, INRA)
(Cathelin R. et al. Bioinformatics 2007 23:247)

Data analysis

Data transformation into logarithmic scores and normalization
Filtering to keep only transcripts with a signal more intense than background
level (3686 out of 8959 clones ~40%)
Analysls wnh a linear model (R software)
ldgo + genotype + treatment + genotype X treatment

(xollgo hybm ization signal with a vector probe to normalize for the amount of cDNA)
Correction for multiple comparisons by Benjamini-Hochberg procedure

FDR 5% : 241 transcripts (211 genes)

FDR 2.5% : 161 transcripts

FDR 1% : 102 transcripts
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Ascending unsupervised hierarchical classification

211 differentially expressed
genes, FDR<5%

Genes Exgresswon +

Meishan > Large White

ACTH > Control

Large White > Meishan
Control > ACTH
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Individuals
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ACTH adrenocorticotropic hormone

R ACTH receptor (MC2R)

G G protein

AC adenylyl cyclase

PKA protein kinase A

StAR steroidogenic acute
regulatory protein

Lot low density lipoprotein

LDLR LDL receptor

CYPllal  cholesterol side chain cleavage
(P450scc)

cyp17 170-hydroxylase

3p-HSD 3 beta-hydroxysteroid
dehydrogenase

cyp21 21 hydroxylase

CYPLP  11p- hydroxylase

1- ACTH receptor signalisation pathway
2- Synthesis and mobilisation of steroid precursor, cholesterol
3- Steroidogenesis
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ACTH receptor sig isation pathway

arrays real-time PCR
Gene | Present ‘ Expressed ‘Differenllal 15 ANOVA
Genotype NS
: Treatment NS
ATP NO Interaction NS
CcAMP s
/ \ o N w
MS
PKA ERKL, ERK2 [ Adoyr ® control___zeth u
MAPK (AC) ACTH  adrenocorticotropic hormone
( ) Prk MC2R  melanocortin receptor 2 (ACTH-R)
kaca | yeg YES NO GNAS  guanine nucleotide binding protein
(PKA) (G-protein) alpha subunit
ADCY7 adenylyl cyclase
Mapkl | YES YES NO PKA  protein kinase A
Phosphorylation MAPK  mitogen-activated protein kinase
ERK1/2

Transcription factor

= No difference in expression of the |
main actors of ACTH signalisation
lalyses Wo| pathway

Activation of proteins

(StAR, Cholesteryl ester 2 Expression of genes
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3- Steroidogenesis

Cholesterol side chain { |D

real-time PCR
Cholesterol arrays M vs
cleavage P450scc

J o ANOVA
Genotype NS

Cypllal ; Treatment NS
pregnenolone YES| VEs NO A Interaction NS
{7a-hydroxylase control acth

p17
ogestore 17-Obkpregneclons . anovA
enotype
Treatment NS
Interaction NS
17-OH-progesterone control acth
Hsd3ba 7
21-hydroxylase YES| YES NO ANOVA
Genotype  0.02
. s Treatment NS
11 desoxycortisol P Interaction NS

l 11p-hydroxylase CYP21 YES YES NO control acth

3pHSD

YES| YES NO

3p-hydroxysteroid
dehydrogenase

ANOVA

Genotype NS
Treatment NS
Interaction NS

cortisol
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2 No difference in expression ’/ES YES | NO

Synthesis and mobilisation of steroid precursor, cholesterol (1)

Selective

arrays real-time PCR
de novo
e ‘ ‘ W
Gene | Present | Expressed | Diftrental
synthesis ene | Present presset ferential 2 o e
15
e Hmger | YES | YES | NO | ANOVA
Genotype NS
5 Treatment NS

Sqle | YES| YES N

Interaction NS

o
15
Scrbl | YES| YES No_| control acth
1
ANOVA
M| NO 5 Genotype NS
Treatment NS
udr | YES| YES | YES 0 Interaction NS
control acth

star [YES| YES | YES ‘ HMGCR hydroxymethylglutaryl coenzymeA

= No difference in expression of genes involved a1

- in cholesterol synthesis " eceptor
- in selective transport of cholesterol via SCRBL gmmp,y protein

hydrolase...) __ _4 involved in cortisol production ), Wageningen UR, Lelystad | ” | \E \_“ ¥ of steroidogenic enzymes ‘  Lel acth AR .\,z
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Synthesis an

obilisation of steroid precursor, cholesterol (2)

Ldir ANOVA ANOVA
Ekdocytosis 251 Gerotype 37E-03  arrays Genotype  0.069

20 Treatment 26 E-06 Treatment  <0.0001
% Interaction NS Interaction NS
\ LoL-

@ cholesterol

free
cholesterol

PCR

control acth control acth

2 Ldir - overexpressed in Meishan (x 1.3 to 1.6)
- induced by ACTH (x 1.9 t0 2.3)
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Treatment
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20E-04
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control acth

EAD 3> Star - overexpressed in Meishan (x 1.4 to 1.6)
12-14th Nov 2 - no response to ACTH
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Conclusion

Comparison of gene expression in the adrenal glands of Meishan All members of the team « Genetic variability in HPA
(high cortisol production) and Large White (low production) pigs in axis activity: molecular mechanisms and functional
response to ACTH shows that the expression of numerous genes consequences » (INRA, UMR PsyNuGen, Bordeaux)
differ according to breed and/or treatment. o
Several of these genes are involved in cortisol synthesis - "
No difference in the ACTH signalling pathway and in steroidogenic enzymes
Cholesterol transport (Star, LdIr) and several kinases involved in phosphorylation of StAR
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