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Important contribution of GH, GHRHR and GHSR mutations

in isolated growth hormone deficiency with a normal location of
the posterior pituitary —Functional characterization of new variants
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The somatotropic axis

IntrOdUCtion — Hypothalamus ObjECtive
Growth is a complex phenomenon that depends on several factors including Sol- @l adl- With the aim to assess the contribution of the GH,
growth hormone (GH) secretion, the GH releasing hormone (GHRH) and its GHRHR and GHSR genes in the pathogenesis of
receptor (GHRHR), and ghrelin (GHRL) and its receptor (GHSR). Although GH, SSTR con GHSR o0 IGHD, we screened for mutations all coding exons
GHRHR and GHSR have been recognized as key etiologic factors in non- - Pituitary GH: growth hormone and flanking intronic sequences of these three
syndromic forms of isolated growth hormone deficiency (IGHD), a small number - 2:§;ﬁg:re'lf” t genes by Sanger sequencing or Next Generation
of mutations have been identified in this rare condition. Depending on the * | QD GHRH.;ggrowth horr:me Sequencing in a large cohort of patients with a
studies, GH and GHRHR defects would account for 6-12.5% and 0-6.7% of IGHD . [Z';Tfi':fji‘:_?kc;”gerowth non-syndromic form of IGHD characterized by a
cases. So far, as for GHRHR and GHSR, very few functional studies have been Target tissues factor 1 small or normal anterior pituitary and an eutopic
’ ! y u SST: somatostatin p y p
performed in order to assess the consequences of the identified variants. | | | posterior pituitary.
GH variations ~ aGHRHR variations ™~
p.Leu18Cysfs*82 (AR) in red: new mutations F;)-AArrgg?;(%&;; in red: new mutations The GHRHR gene was subsequently
p.Trp20* (AR) in bold: truncating mutations 0. Ala8Aspfs*22 in bold: truncating mutations fanalyzed in the r?malhlng 320
p.GInZZLQUfS*87 (AR) L . i p.Pr016l_eu dashed line: intronic mutations Independent patlents N WhOm NO GH
dashed line: intronic mutations , . ,
p.GIn22Pro (AD) | C-27+2T>6 - TM: transmermbrane domain defect was identified. This led to the
p.Glu59Gly (AD) AD: autosomal dominant i P :.Arg94GIn identification of variations in 25
p.Glu6bGly (AD) AR: autosomal recessive i o.Leu144His patients (8%), 8 of them (8/25, 32%)
p-Pro89leu (AD) | p-Arg156Alafs*15 representing familial cases. The
'c.279_291+40del53 (AD) | p.Argl6lTrp , ,
| 291+1G>A (AD) : oVal164Ala GHRHR mutation spectrum, which
i ic.291+286>A (AD) i p.Alal76Val comprises 12 novel variations, consists
| €.291+4A>T (AD) i p'va';(;i—rg:l‘;ﬁg‘lde' of 6 truncating mutations, 1 splicing
| |pleul2aArg (AD) | 5 Thr259Lys defect and 10 missense variations.
a i°'45TiG;g‘1(PAD)(AD) I ‘P-LEU354'TthS*2hl Apart from the 3 peptide signal
B - |p.Thr ro : | . C. :
a [P Total GH 6.7kb deletion (AR) | N 1 N I p-lle387Thr variations, all mutations were
X | p.llel79Met (AD)  Total GH 7kb deletion (AR) GHRHR . . ted with ve GH deficit
i i i |p.Arg183His (AD) Total GH 45kb deletion (AR) \ Peptide signal ™I TMII TMIII TM VI TMV TMVITM VI assoclated wi recessive ericl S/
GH —
Peptide signal
The GH gene was first analyzed in a total of 360 independent patients. : : :
Variations were identified in 40 patients (11%), 17 of them (17/40, 43%) Slgnal tra nSdUCt|0n Of G H RH R and G HSR Vanants \
representing familial forms of IGHD. These include 9 novel mutations, , , , , RLU/pg protein
. . . . . In vitro functional studies of the missense 1800 000
among which 2 frameshifts, 2 splicing defects and 5 missense mutations. . 1600000 --
. . . . . GHRHR mutations were performed to * [ Basal
Whole gene deletions and truncating mutations were associated with a 1400 000
. . . : . . assess the GHRH response through a CRE- 1200000 L [1 GHRH(1-44) 107 M
recessive GH deficit; missense mutations and mutations affecting exon 3 . 1000000 -
. . . . . dependent luciferase assay. All the *: p<0.05 / WT
&plmmg were associated with a dominant deficit. / , o , 800000 - :
missense variations located in the mature 600 000 - , ,
protein show an impaired function oo Eﬂ Eﬂ rﬂ Eﬂ o
(p<0.05). The signal peptide variants OJ?? '2 E!, E; o o o w '{] » ':{]
. . p.Arg3Cys and p.Arg4Trp are probably @°° $ Q,;,c\ Q§ o’@ v&z‘\ <o'$ (oo?\ o,c? 03\’3‘\
p.Leu42Val in red: new mutations RLU/ug protein
p.Phel11Cys in bold: truncating mutations 5 000 000
p.Glu124Argfs*14 o ] s ] 4500000 - O Basal In addition to the previously assessed GHSR
p.A|aZO4G|u : transmembrane domain 4000000 4 [3 Ghrelin 107 M . . .
S Val216Als e J' 2 reveree aconist 106 missense variations p.AIa204.GIu a.nd p.Arg2.37T.rp,
p.Arg237Trp 3000000 - r - 5<0.01 W the p.Phel111Cys showed an impaired constitutive
p-SerZSZteuBllph 2500000 1 11 Jf and ghrelin-induced activity (SRE-dependent
p.Leu e 2 000000 - . . .
o Val334Met 00000 | [ } o luciferase assay, p<0.01). Missense variants
p.Trp2* p.Ala358thr Total GHSR deletion 1000000 * I p.Leud2Val, p.Val216Ala and p.Leu311Phe are
GHSR S . e e e e . 500002 | ’—ITT'I ﬂ +rlj—‘ ﬂ ﬂ * ko ||ke|y to be rare p0|ymorphism5.
™I TMII  TMIII  TMVI TMV  TM VI TM VII oé._ | Q&‘ IQﬁ\ (,*6 | ?\’b Q‘& '*\?‘
Finally, the GHSR gene was analyzed in the last 295 independent patients < Ve&"\’ e«,"/\’ @q,“zb \;,,»"' v‘&
in whom no GH nor GHRHR defect was found. This allowed us to identitfy ¢ v \&u /
variations in 12 patients (4%), 5 of them (5/12, 42%) representing familial ©
cases. In our cohort, the 10 novel variations of GHSR consist in 1 whole

@ne deletion, 2 truncating mutations and 7 missense mutations. /

GH, GHRHR and GHSR mutations account for ~

. 20% of IGHD

Conclusion . . . L .

Deleterious or potentially deleterious mutations in 360 independent
Overall, this study performed in a large cohort of patients, which probands with IGHD GH
identified deleterious or potentially deleterious molecular defects in 11%
the GH, GHRHR or GHSR gene in 72 out of 360 independent patients (n=40) GH}:HR
(20%), reveals the importance of those three genes in the pathogenesis 6% GH: growth hormone
of non-syndromic IGHD with a normal location of the posterior \ (n=23) GHRHR: growth hormone
pituitary. Noteworthy, up to 61% (43/72) of the patients with a GH, /\ releasing hormone receptor

. . . GHSR
GHRHR or GHSR germline mutation represent sporadic cases. .
| 3% GHSR: growth hormone
Negative 80% (n=9) secretagogue receptor
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