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Extended Text related to:
Functional classification of AIP mutations into two groups: protein present or absent

(Suppl Table 1 and Suppl Table 2, and Suppl. Fig 1)

We selected nine missense AIP variants identified in familial or simplex pituitary adenoma patients
(Suppl. Table 1A) and one truncation hotspot variant. Most of these variants (R16H, V49M, C238Y,
1257V, R271W, R304Q, R304*, R325Q) were identified in patients with young-onset acromegaly or
prolactinoma, similar to patients with the truncation hotspot R304* (Beckers et al, Endocr. Rev. 2013;
34: 239; Hernandez-Ramirez LC, et al. J. Clin. Endocrinol. Metab. 2015; 100: E1242). Protein half-
life of these variants was previously measured in vitro with cycloheximide chase experiments in
HEK293 cells (Hernandez-Ramirez LC, et al. J. Clin. Endocrinol. Metab. 2016; 101: 3144; Yang JZ
et al, Endocrine Abst. 2018; 59: P127) and their functional role has been studied in various functional
assays, such as proliferation (Leontiou CA, et al. J. Clin. Endocrinol. Metab. 2008; 93: 2390), yeast
two-hybrid assay for phosphodiesterase PDE4A5 interaction (Leontiou CA, et al. J. Clin. Endocrinol.
Metab. 2008; 93: 2390; Igreja S, et al. Hum. Mutat. 2010; 31: 950; Bolger GB, et al. Endocr. Relat.
Cancer 2016; 23: 419), a luciferase assay for cAMP-driven transcription (Formosa R, Vassallo J.
Horm. Cancer. 2017; 8: 174), and rescuing the deleterious phenotype in drosophila larva AlP-
orthologue knockout (Aflorei ED, et al. J. Med. Genet. 2018; 55: 522). But the pathogenicity of some
of these variants is still questionable, since no assay has been fully validated for clinical use. On the
other hand, two of these variants (R188Q, E245K) are associated with a slightly less typical phenotype
of a macro or macroprolactinoma, lack of family history and previous experimental data not supporting
pathogenicity (Suppl. Table 1). The 1257V variant affects a key amino acid in the conserved

tetratricopeptide structure of AIP.

In Supplementary Table 2, we performed in silico analysis of the 9 missense and R304* truncating
variants using the most recent versions of i) multiple parameter assessing tools, combining clinical
phenotype and genetic predictor algorithms (ClinVar, VarSome, CADD1.6, Ensembl Variant Effect
Predictor VEP, REVEL, MetalR), ii) protein-structure based algorithms (HoTMuSic, PoPMusSic,

SNPMusSic, SIFT, FATHMM-XF, PolyPhen2, PROVEAN, MutationAssessor) and iii) assessed minor



allele frequencies (MAF) in the gnomADv3 (genomes) and v2.1 (exomes+genomes) and ExAC
databases (now available inside gnomAD). For the integrative algorithms there is no consensus for
many of the variants with conflicting interpretations for ClinVar, benignity for VarSome and
deleteriousness for CADD v1.6. Some VUS alterations that are considered as neutral or benign in
VarSome, are considered as deleterious or pathogenic in CADD1.6, PoPMusic or gnomAD. While
there is consensus between the prediction programs for R271W and C238Y as pathogenic and E245K

as benign, there are variable predictions for the other missense variants.

One of the ways AIP variants can be classified is based on their protein half-life (Fig. 1A right and
Suppl. Table 1). We classified a group of missense variants with normal half-life, similar to wtAIP in
this assay (R16H, V49M, R188Q, E245K, 1257V, R304Q, R325Q), short half-life (C238Y and R271W)
or very-short half-life (R304*) (Fig 1B), similar to our previous study in HEK293 cells (Hernandez-
Ramirez LC, et al. J. Clin. Endocrinol. Metab. 2016; 101: 3144; Yang JZ et al, Endocrine Abst. 2018;
59: P127) except for V49M and 1257V that in pituitary cells have normal half-life too. We transfected
each individual AIP variant in the absence or presence of human RET (short isoform, RETs) and this
did not affect variant half-life (Fig 1C). To represent AIP deficiency, we transfected rat Aip (rAip) siRNA
or scramble siRNA (Sc siRNA) as control. Endogenous AIP protein was successfully repressed in the

absence or presence of RET (Fig 1D).

Our chosen model was the rat pituitary GH4C1 cell line, derived originally from a pituitary tumour of
a female Wistar/Fu rat following cranial irradiation. GH4C1 cells present a clear somatotroph
phenotype characterized by high RNA levels of the transcription factor Pitl and Gh, while expression
of the two other PIT1-dependent hormones were low (Prl), or very low (Tshb) (Suppl. Fig 1B). The
other hormones such as corticotropin (Pomc) and gonadotropins (Lhb and Fshb) also had a low
expression together with non-somatotroph transcription factors Sf1 or Propl. GH4C1 cells expressed
Aip, Gdnf and Gfral but did not express Ret. We have previously been unable to generate a RET-
expressing population of GH4C1, as stable high RET expression prevented cell growth in these cells

(Canibano C, et al. EMBO J. 2007; 26: 2015).



Supplementary Table 1: AIP variants used in this stud:

N/A: Not apply / Not studied/ Not performed. References indicated as PMID.

linical data, genome data and review of the literature.

First patient described

Functional studies performed so far

Variant name

Youngest known age

Protein half-life in HEK293 cell:
comparison with our data in pituitary

Inability to rescue

References (PMID)

FU— Reforence | Morethan1 | Number of Number of Pituitary tumour ~cells | 61847 knockout| Loss of binding D CIBOIRCETIEICD
Position Variant type (Macro) Tumor type | Giant | LOH (PMID) patient affected| Homozygotes Homozygotes types of all (underlined if coincident with Fig. 1) | Fruit fly lethality to PDE4A5 e
in the family |(GnomAD v2.1.1)| (GnomAD v3) | described patients (suggesting | (% of wild-type) " iont ©
pathogenic) P
DNA level |Protein levell Onset PMID: 27253664 / # Cases Functional Other
studies
17242703; 17244780;
17609395 18484068;
: ... | 19366855;
Y:g%j'ngz-e‘;}(:gUg%? > | 20506337; | 21348957;
67483205 | c47G>A | pRIGH | Missense NIA 15 Yes GH NIA No 17242703 Yes 2 (exomes) 0 GH, PRL, NFPA Normal No Reduced (<30%) Yes Likely benign 22310035, Bonsotal, | 272673861 | 22720333;
o) bacuetal,| oro53664; 22915287
(@012 22915087; | e
Baciu et al, (2013)*%;
25614825, 20074612
—_— 20506337;
67487051 | c.145G>A | pV4OM | Missense N/A 28 NIA GH Yes No 17371465 No 0 0 GH Short N/A No, similar (>30%)|  Yes Likely pathogenic 17371465 27267386; | 21348957
(Normal in pituitary cells) ]
67490132 | c.563G>A | p.R188Q | Missense 24 2 No PRL NA | NA 22319033 No NIA 0 PRL Normal NIA NIA No Likely benign 22319033 23371967
20506337;
s ducti 9920002, 26186209; | 18381572 | py34g057,
67490383 | c.713G>A| p.C238Y | Missense 18 19 Yes GH No Yes 9920092 Yes 0 N/A GH Very short Yes evere reduction Yes Pathogenic : 0 27267386; 5
~eryshot (<20%) 29440248 ovosaeea, | 22720333
29632148
67490403 | ¢.733G>A | pE245K | Missense NIA 2 Yes PRL No NIA 24050928 No NIA 0 PRL Normal NIA NIA No Likely benign 24050928 - -
Montanana, CF e Short Montanana, CF etal. (2009y| 29506337: | 54348057,
67490439 | c.769A> G | p.257V | Missense NIA 39 Yes TSH NA | NA ™ No NIA NIA TSH ‘ NIA Reduced (<30%) No Pathogenic . : 27267386 ;
al. (2009) (Normal in pituitary cells) 20685857 raasss | 22720333
18381572;
Severs redudtion 17244780; 19684062; | 19366855; | 100000
67490811 | c. 811C>T| p.R27TTW | Missense 15 16 Yes GH Yes | NA 17244780 No 0 NIA GH, GH&PRL, PRL Very short NIA Pk Yes Pathogenic 20506337, 21753072 | 20508337; | Horoiol
(<20%) 26186299; 29440248 | 27267386;
27253664
17242703; 1760939 18381572;
18381572; 19366855, | 19366855;
20530095; 20506337; | 20506337; :
67490911 | cO11G>A | pR304Q | Missense 17 18 Yes GH Yes | Yes 17242703 Yes 2 (exomes) 0 CHl PE{'&%’:&PRL Normal No Reduced (<30%) Yes Likely benign 21753072, 22319033; | 27267386; 221237‘;805;5373
23321498, 23633200; | 272536646;
25614825, 26186299; | 29507682;
29074612 20632148
67490074 | c.974G>A | pR325Q | Missense 16 18 Yes PRL NA | Yes 22319033 Yes 0 0 PRL Normal No NIA Yes Likely benign 22319033; 24078436 22223;%; -

(*) Montanana, CF et al. TSH-secreting pituitary adenoma in a male patient with a novel missense AIP mutatiédst ENDO, P1-668 (2009)

() Yaneva, M et al. Aryl hydrocarbon receptor interacting protein gene mutations in bulgarian FIPA and young sporadic pituitary adenoma patitst ENDO, P3-520 (2008)

(**) Baciu | et al. Screening of AIP mutations in young Romanian patients with sporadic pituitary adenomas Presented at Society for Endocrinology BES, Ihdocrine Abstracts 29, P786 (2012)

(****) Baciu | et al. The p.R16H (C.47G>A) AIP gene variant in a case with invasive non-functioning pituitary macroadenoma and Screening of a Control Coh&eta Endo Buc 9 (1), 97-108 (2013)




Supplementary Table 2: In silico study of human AIP variants. Variants are listed following the order of the amino acid sequence. The last available version of each algorithm was used (column in the left under Update). We have made three groups: those
algorithms integrating multiple clinical and genetic tools, those related to protein structure and functional domains, and a third group related to allele frequency in next generation sequencing studies in normal population. Thresholds for pathogenicity are
indicated in each algorithm. Some algorithms have an alternative threshold proposed by Li et al (see reference at the bottom). This threshold is shown at the most left column; underlined values within variants indicate pathogenic values over this threshold.
Red background: when values resulted over the threshold (Pathogenic/ Likely Pathogenic/ Likely Deleterious/ Likely disease causing/ Damaging/ Destabilizing/ Deleterious/ Probably damaging/ Medium); Carnation background: when values were near the
threshold (Likely pathogenic/ Likely deleterious); Green background: when values resulted within the threshold for normality (Benign/ Likely benign/ Tolerated/ Stabilizing/ Neutral/ Low); White background (VUS/ Conflicting interpretations/ not included).

AIP Variants (NM_0038977.3)
c.47G>A c.145G>A c.563G>A c.713G>A c.733G>A c.769A>G c.811C>T c.911G>A c.910C>T c.974G>A
(p-R16H) (p. V49M) (p.R188Q) (p.C238Y) (p-E245K) (p-1257V) (p-R271W) (p-R304Q) (p.R304%) (p.R325Q)
Reference rs145047094 rs1063385 rs866556486 | rs267606569 | rs150645662 rs267606575 | rs267606579 | rs104894190 rs104894195 | rs754619109
Position 67483205 67487051 67490132 67490383 67490403 67490439 67490811 67490911 67490910 67490974
Variant type Missense Missense Missense Missense Missense Missense Missense Missense Nonsense Missense
N-terminal N-terminal . . . . . . . .
Protein localization (PPlase-ike | (PPlasedie | it || Ryt | (ThRa motiy | (TPR mot) | (TPRS moti) | (aiphanex) | (aipha-nei) | (aipha-nei)
Alternative domain) domain)
‘h’e(:')w'd Update Secondary Structure (B) c E H H H H H H H H
Tools integrating multiple algorithms for comparing variants
Conflicting
interpretations:
Conflicting - L .
. .2 | Conflicting Conflicting Benign
interpretations: interpretations: interpretations: (2019)
N Likely benign . . Likely ) . Likely . )
o 2020 Revis Cllr!Va‘rI dbSNP ) (2017: 2019 leelylbenlgn V.US pathogenic Likely benign pathogenic Likely benign VUS
evision date indicated in each variant (2017; 2019) (2019; 2020) (2017) (2017) (2019)
(2)) (2012) (2012)
VUS VUS VUS Pathogenic
(2012) (2012; 2019(2)) (2019) (2017;2018)
VUS (2016;
2018; 2019(2))
VarSome
L It combines rules established by the ACGM classifier . . . . Likely . . . . .
2020 with several databases, clinical evidence, allelic EQET I Hlelomn g pathogenic EQET =l e ST
frequency and conservation
CADD v1.6
Integrating conservation and functional information into 3.943 19.68
—- 2020 |one deleteriousness score. CADD score ranges from 1 Likely Likely
to 99 (Higher score>Greater deleteriousness) benign deleterious
PHRED; soft threshold >15; hard threshold >20
Ensembl Variant Effect Predictor Likely benign/ | Likely benign/ Likely Likely Likely benlgn/
o 2018 A VUsS VuUs pathogenic o pathogenic alineg e VES
Clinical significance; gnomAD VUS
REVEL
Integrates scores from MutPred, FATHMM v2.3, VEST 0.179 0.353 0.31 0.376
>0.4335 2015 3.0, PolyPhen-2, SIFT, PROVEAN, MutationAssessor, . . . L .
= MutationTaster, LRT, GERP++, SiPhy, phyloP, and Likely Likely Likely Likely
phastCons. benign benign benign benign
Threshold 20.4
MetalLR
Use logistic regression to integrate nine 0.14 0.16 0.128 0.22 0.415
> 0.2645 2011 independent variant deleteriousness scores and allele -
frequency information. Tolerated Tolerated Tolerated Tolerated Tolerated
Threshold >0.5
Algorithms based in protein structure and function
PoPMusSiC -0.38 -0.02
Effect on thermodynamic stability. " . - -—
018 Threshold AAG>0 kcal/mol Stabilizing Stabilizing
PDB 4AIF/ HoTMuSIC "
- 2LKN Effect on thermal stability. o —- —
2012/ Threshold ATm<0K Stabilizing
2013 -
- SNPMuSiC N -0.44 -0.37 -0,54 -0,64 -0.15 -0.37
Prediction of the effect on protein stability. - -
Threshold >0 Neutral Neutral Neutral Neutral Neutral Neutral
SIFT
Based on sequence homology and 0.31 0.67 0.67
£0.010 2018 physicochemical similarity with the -—- -
alternate amino acid. Tolerated Tolerated Tolerated
Threshold <0.05
FATHMM-XF
Combination of sequence homology and conserved 0.368 0.304 0.249 0.414 0.166 0.290
- 2018 | protein domains with hidden Markov models tolerance . . . . . - .
of the protein/domain to mutations. Benign Benign Benign Benign Benign Benign
Threshold=0.5
PolyPhen2-Hum Div.
Based on sequence homology, phylogenetic and
structural information. In particular, was compiled from 0.003 0.015 0.01 0.047 0.01
>0.9305 2016 all damaging alleles with known effects on the . . . . L X
= molecular function causing human Mendelian diseases, Benign Benign Benign Benign Benign
together with differences between human proteins and
their closely related homologs.
Threshold 20.453
PolyPhen2-Hum Var.
Based on the sequence homology, phylogenetic
and structural information. In particular, consisted of all 0.416 0 0.007 0.008 0.018 0.002
20.662 2016 human disease-causing mutations together with Benign Benign Benign Benign Benign - )
common human nsSNPs MAF>1% which were treated Benign
as non-damaging.
Threshold 20.447
PROVEAN
Based on the amino acid residue at the position of -2.30 -1.245 -0.973 -0.39 -1.85 -0.67
£-2.255 2015 | interest and the quality of sequence alignment derived
from the neighbourhood flanking sequences. Neutral Neutral Neutral Neutral Neutral Neutral
Threshold <-2.5
MutationAssessor
>0 9625 2014 Based on evolutionary conservation of the affected 1.78 0.155 1.27 0.48 1.725 L 0.49
0 amino acid in protein homologs. Low Neutral Low Neutral Low Neutral
Threshold >1.9
Algorithms based on genomic MAF in the normal population
gnomAD v3
- 2019 Genomes; GRCh38. 0.001932 0.001130
Threshold <0.1%-0.01% (recessive or dominant allele)
gnomAD v2.1.1
2018 Genomes&exomes; GRCh37. 0.002082 0.001568
Threshold <0.1%-0.01% (recessive or dominant allele)
Exome Aggregation Consortium
- 2016 ExAC. 0.001956 0.001458
Threshold <0.1%-0.01% (recessive or dominant allele)
c.47G> A c.145G> A c.563G>A c.713G> A c.733G>A c.769A> G c.811C>T c.911G> A c.910C>T c.974G> A
(p.R16H) (p. V49M) (p.R188Q) (p.C238Y) (p.E245K) (p.1257V) (p-R271W) (p-R304Q) (p.R304%) (p.R325Q)

(A) Modified by Li J.et al. “Performance evaluation of pathogenicity-computation methods for missense variants”. Nucleic Acids Res, 46(15), 7793-7804 (2018)
(B) Secondary structure: C (coiled), E (beta-strand) and H (alpha-helix).
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Supplementary Figure 1: Models used to explore AIP — RET molecular relationship in the pituitary.

A) Sequence of human wtAlIP protein used for introduction of the variants studied. The protein sequence
contains one amino acid change (Q228K) with respect to the accepted in databases (Ensembl, Uniprot). AIP
K228 is present with a population allele frequency of 0.8445 in normal population genomes (gnomADv3), and
more than 75% of the sequenced genomes are homozygous for this variant. We considered that wtAIP-K228
is a more realistic situation as wt allele than AIP-Q228.

B) The rat pituitary cell line GH4C1 presents a somatotroph phenotype with AIP but very low RET receptor
mMRNA and protein expression.

Quantitative mRNA expression detected by TagMan RT-PCR assays. A log2 scale shows directly the PCR
cycles used. GH4C1 (black bars) are compared with whole adenohypophysis (or adenopituitary, AP) tissue
from young adult (90 days old) male and female rats of two strains, Sprague Dawley and Wistar Han. GH4C1
were originally derived from Wistar rats. However, Sprague Dawley is the strain currently used as an animal
model for pituitary research. No major differences are seen between the two.

In general, it is considered that a whole anterior pituitary will have a major endocrine epithelial cell population
and a smaller non-secretory mesenchymal population together with blood vessels. The epithelial endocrine
secretory population is unequally distributed: somatotrophs (Gh): >45% in males, 40% in females; lactotrophs
(Prl): <30% in males; 35% in females; gonadotrophs (Fsh and Lh),11%; corticotrophs (Pomc) 9%; thyrotrophs
(Tshb) 5%. Phenotype of secretory cells is defined by hormone production and high expression of specific
transcription factors and receptors for hypothalamic regulatory hormones (Ghrhr, Sstr2, Sstr5).

GHA4C1 express high levels of Pit1 and Gh and reduced levels of Prl. Minimal amount of other
hormones and non-somatotroph transcription factors are detected. GH4C1 has Aip, Gdnf and Gfra1 but
minimal Ret expression. GH4C1 does not express Ghrhr but express Sstr2 and Sstr5 receptors.

(n=4 animals per group. Media +SEM of cycles from the 4 animals in each group).

C) The RET / GDNF / GFRA1 expression at protein level in GH4C1 confirms the RNA expression data. Three
datasets are compared: mock transfected cells, cells transfected with empty plasmid vector, and cells
transfected with the RETs receptor. All cells were seeded in the same day and maintained in parallel for 24
hours. After this, cells were washed with PBS three times, and replaced by fresh full medium (10% FBS),
deprived medium (0.1% FBS) or deprived medium + 50 ng/mL GDNF. Cells were lysed following 1 hour
incubation. Western blots are shown for the RET pathway proteins (right) in comparison with human total
pituitary extracts (left).

The RET receptor was detected with two antibodies. C-19 is exclusively for RETs detection: only a very faint
band is detected after 24 hours exposure in untransfected extracts, while strong expression is seen in RETs
transfected cells. HPAO08356 recognizes an epitope common to RETL and RETs isoforms: faint bands are
detected in untransfected cells, while strong expression is detected in RETs transfected cells.

GFRAA1 protein is well expressed in GH4C1 cells. During its sorting to the plasma membrane through the ER
and Golgi, GFRA1 is glycosylated in three residues and has 14 intrachain disulfide bonds; finally, GFRA1 must
be processed by deleting its 36 aa C-term tail when bound to phosphatidylinositol at the luminal aspect of the
ER membrane. This mature processed protein is detected in full medium (10% FBS; black arrow). After
deprivation, a doublet of precursor proteins is detected (white arrows).

GDNF protein, a secreted fator, is expressed in GH4C1. After translation and entering the ER, the 211 aa full
length GDNF protein loose the 19 aa signal peptide, and the remaining 192 aa with two glycosylation sites and
two disulfide bonds is processed to a shorter mature glycosylated form of 134 aa. As seen in the western
around the 26 kDa molecular weight marker, after deprivation GDNF is less processed; compare precursor
protein (white arrow) with processed protein (black arrow). At the 17 kDa molecular weight marker, the final
GDNF (red arrow, either to be secreted, or uptaken from outside through endocytosis) is seen. A strong band
of recombinant rGDNF (blue arrow) is seen in the corresponding lanes.

D) GH4C1 express abundant GH protein. Western blot showing 20 kD GH expression in growing conditions
(full medium, 10% FBS) or one hour after serum deprivation (0.1% FBS) alone or with 50 ng/mL GDNF. This
abundant expression is expected from the Gh mRNA expression shown in B (black bar).
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Supplementary Figure 2: Variant AIP or endogenous Aip repression blocks the physiological
RET/PIT1/CDKN2A-ARF/p53 apoptosis pathway: effects on apoptosis and cell growth.

A) Representative microphotographs for Hoechst 33258 staining 48 hours after deprivation of GDNF. B)
CellEvent fluorescent cellular assay at 12h confirmed that RET + wtAIP caspase-dependent apoptosis was
prevented by AIP variants V49M and R304Q. C) In the presence of full medium (10% FBS) neither wtAIP nor
AIP variants affected cell growth in the absence (left) or the presence (right) of the RETs receptor. D) Left:
When deprived of GDNF (0.5% FBS), transfection of wtAIP or AIP variants do not affect cell growth, although
in low serum cells grow more slowly. The V49M AIP variant is the only one having a deleterious effect inducing
some cell death. This germline variant was found in heterozygous form (no loss-of-heterozygosity) in a
patient’s tumour sample. Right: Cells transfected with RETs and later changed to low serum die in the
presence of wtAlP. This is prevented by AIP variants that prevent apoptosis (V49M, R304Q, R16H, R271W,
C238Y, 1257V, R325Q) allowing cells to recover cell growth. R188Q and E245K, the two AIP variants that do
not alter RET-induced apoptosis, reduce cell growth. E) rAip or Scramble (Sc) siRNA do not affect cell growth
in low serum. However, when transfected with RETs cell death is induced and cells do not grow. Cell growth is
recovered in RETs-transfected cells with rAip siRNA but not with scrambled (Sc) control siRNA.

(A-E: 4 independent experiments with 4 replicates in each. Two-ways ANOVA with Sidak’s multiple
comparison test correction, B; Two-ways with repeated measures ANOVA with Sidak’s multiple comparison
test correction C-D; Three-ways with repeated measures ANOVA with Tukey’s multiple comparison test
correction, E. *, p<0.05; **, p<0.01; ***, p<0.001; ns, non-significant)



Suppl. Figure 3

or - - x
5 wn 3
o o 2.5
o o
. : -
4 g 15
£
= 3 1
0.5
Time Oh 8h Oh 8h 0Oh 8 Oh8 Oh8h Oh 8 Oh8h Oh 8h
Vector RET, Vector RET, Vector RET, Vector RET, Vector RET, Vector RET, Vector RET, Vector RET,
wt-AlIP V49M-AIP R304Q-AIP R16H-AIP wt-AlP V49M-AIP R304Q-AIP R16H-AIP
Pit1 . y p19 Arf
-378 Pit1 promoter
ko
& 3 & 3
E 2 E -378 -351 —23172|00 —1?3 -70 -38 r>+1
z z [ I 1 1
ok
s 1 s | | |CRE| !CRE |Pm | !TATAIl |
1 c/EBR -157 -150 33 26
0.5
ns *kk
rAipsiRNA Sc + Sc + rAipsiRNA Sc + Sc +
Vector RET, Vector RET,
8h 24h
-378 Pit1 promoter -378 Pit1 promoter
3
.
T @
o
g 22
E 3
<l N ﬂ%.z H% ﬂ
RET;, = + = ¥ = % = % ¢ # = & = & = & rApsiRNA° Sc + Sc + Sc + Sc + Sc + Sc +
s\v\Q \¥€ ?\Q ng {AYBQ _QYBQ \\y}Q v\Q Vector RET; Vector RET; Vector RETg
) & S A &
KU S P qiﬁ\ & & & oh 12h 24h
F
RET
2000
& 1500 &1
s 4 s
& 1000 £
: 2 :
< / g
500 /
%
Time 0h 8h 0Oh 8h Oh8h 0Oh 8h Oh 8h  0Oh 8h Time oh 8h Oh 8h Oh8h Oh8h 0Oh8h Oh 8h Oh8h Ohs8h
Vector RET; Vector RET; Vector RET; Vector RET, Vector RET, Vector RET; Vector RET, Vector RET,
wt-AlP V49M-AIP R304Q-AIP R16H-AIP wt-AlP V49M-AIP R304Q-AIP R16H-AIP
G Aip RET . Gh
15 12 15
o 2 2 10
o > &
g 1 o 8 E 1
< . @ % <
¥ e S z
= < 4 -
3 Z g
0.5 &4 < < 05
< 2
rAip siRNA Sc + Sc + rAipsiRNA  Sc + Sc + Sc+ Sc + rAipsiRNA Sc + Sc +
Vector RET, Vector RET; Vector RET Vector RET,
8h Oh 8h 8h
H R L
SR
1h P e
RETe=t == i
8 B e=170kDa
RET .
o 15
& _ _ I55kDa e
Casp. sSas =
processed -40kDa ° 1.0
IC-RE [T
\ & :
ApTee®ee, ., P
w 0.5
o ok
MYC '— - - _35kDa Q

hospho-AKT 55KD; RET - - -+ + ¢+
prospho- e SLL LR
\ &'@@'&0' $"§$’Q§>’
) ')
AKT‘..“:LE*DE Y& Y
TUbu”n-SSKDa



Supplementary Figure 3: Pathogenic AIP variants or Aip repression blocks Pit1 gene expression and
promoter activation indicating an earlier effect on the pathway: prevention of early RET processing. AIP
transfection do not directly affect RET or Gh expression. Endogenous Aip repression reduces Gh
expression.

A) AIP variants repress RET-induced increase in Pit1 mRNA expression after GDNF deprivation.
Consequently, PIT1-induced Arf mRNA increase is also reduced. B) rAip siRNA blocks RET-induced increase
in Pit1 mRNA expression. Consequently, PIT1-induced enhanced Arf expression is also reduced. C) Cartoon
showing the main sites in the Pit7 promoter conserved in rat, mouse and human genes. Both CRE sites and
the c/EBPa binding site are essential for RET-dependent induction. D) AIP variants block RET-induced
activation of the Pit71 promoter. E) rAip siRNA block RET-induced activation of the Pit7 promoter. F) AIP
variants do not affect exogenous RET or endogenous Gh mRNA. G) rAip siRNA only slightly reduces
exogenous RET but acutely decrease endogenous Gh mRNA expression as corresponding with reduced Pit1
MRNA expression. H) A short-time experiment after 1-hour deprivation shows reduced RET processing by
caspase-3 in the presence of AIP variants. Quantification of n=3 experiments is shown in the right. Variant AIP
moderately increase p-AKT levels indicating survival.

(4 independent experiments with 4 replicates in each except H, as indicated. Three-ways with repeated
measures ANOVA with Tukey’s multiple comparison test correction, A-D-E-F-G in exogenous RET; Two-ways
ANOVA with Sidak’s multiple comparison test correction, B-G in siRNA-only experiments and H). *, p<0.05; **,
p<0.01; ***, p<0.001)



Suppl Figure 4

1h +RET, +RET, .
WtAIP V49M-AIP R304Q-AIP wtAIP WtAIP V49M-AIP R304Q-AlIP wtAlP WEAIP V48M-AIP R304Q-AlP wtAIP
GDNF __- - - + GDNF __- - - + GDNF __- - E T
12312312 3132 1723123123 132 123123123 1 3 2
-170kDa .
- 170kDa
8 E= B8 .3 phospho-PKC3| - 2 = o EEAl @ o - -
-
RET] ! - ’
. - L70kD!
Casp. . ‘ i S9KDa B E-cadherin - — a
processed; " -40kDa - - e -70kDa
IC-RET PKCS . -
AP Histone H3 [ J - - -15kDa
- - - -— B
85kDa Cleaved_,| -40kDa
PKC8 BP'™ e e —— - o0
MYC - a
® -= - e -35kDa
L3 Caspase-3 - — - - -35kDa f
phospho-JNK | ™ . ol -55kDa e GM130 & \ -70kDa
Cleaved| g |
caspase-3 :
_' - » Re — ( Sucla2 | 55kDa
phospho-CREB w -40kDa ) (SR ———
- R-actin| e -— -— _40kDa
Tubulin| <= - - - -55KDa

Supplementary Figure 4: Subcellular fractioning extracts: migration of the processed p-PKC3S/AIP complex to
the nucleus. Standardization of subcellular fractioning in GH4C1 cells transfected with RET and wt or a pathogenic AIP
variant and deprived for one hour in the absence (-) or presence (+) of GDNF. Three fractions were obtained per
condition: plasma membrane/cytoplasm (1), wash out (2) and nuclear/perinuclear endoplasmic reticulum (ER) (3).

A detectable band of IC-RET, p-CREB, phospho-PKC3 / cleaved PKC3 and cleaved caspase-3 is seen in fraction 1
when wtAlP is transfected but markedly reduced or absent when V49M or R304Q A/P is transfected, or wtA/P condition
is treated with ligand GDNF inducing RET-dimerization at the membrane. Total levels of AIP, MYC, caspase-3 and PKC3
are shown indicating equal transfection and loading.

In fraction 3 a minor band of AIP, MYC, phospho-PKC3 , PKCS is observed in wtA/P but not in the A/P variants or in
wtAIP treated with GDNF.

Protein controls for subcellular fractions: membrane/cytoskeleton (B-actin, Tubulin, 1); submembrane (EEA1, early
endosome antigen 1); plasma membrane (E-cadherin, 1); nucleus (Histone H3, 3); lumen ER (BiP, Binding
immunoglobulin protein, GRP-78 or heat shock 70 kDa protein 5, HSPAS5; 1 and 3); Golgi (GM130, Golgi matrix protein,
1); Sucla 2 (Succinate--CoA ligase [ADP-forming] subunit beta, mitochondrial protein, mainly in 3, weak in 1).

Fraction 1 was enriched for the plasma membrane (E-cadherin). The submembrane fraction- cytoskeleton (B-actin and
o-tubulin) proteins, early endosome (EEA1), ER (BiP) and partial Golgi vesicles (GM130) and mitochondria (Sucla 2).
Fraction 2 was a wash step. Fraction 3 was enriched in nuclear (Histone H3), perinuclear ER (heavy form of BiP) and
mitochondria (Sucla 2) proteins.



Extended Text related to the three dimensional (3D) interaction model (Suppl. Figure 5)

AIP is proposed to present a conformation either as multimeric or homotrimer (Hollingshead BD et
al, J Biol Chem 2004; 279: 45652) and homology to FK506bp4 (model 1gz2.1), a homodimer
(Hollingshead BD et al, J Biol Chem 2004; 279: 45652) or a monomer (Morgan RM et al, 2012; 7:
€53339). We explored an exploratory in silico model based on the known X-ray diffraction structures
for the four implicated proteins (caspase-3, PKC3, IC-RET and AIP) that fit with results of the PLA
assay using the Swiss-model and Chimera softwares (Pettersen EF et al, J Comput Chem 2004,
25:1605; Goddard TD et al, Protein Sci 2018, 27:14). A simulation model with AIP being a multimer
or a dimer did not obtain any conformation explaining results of the PLA assay (data not shown). A
model based on a monomer explained our PLA assay results (Suppl. Fig 5). In this exploratory
model, AIP binds RET through R325, caspase-3 through V49 and PKC3 through R16 (N-terminal,
near caspase-3), 1257 (at the PKC5 catalytic subunit), and R304 (C-terminal, near RET); caspase-3
binds with a high affinity to the 707 consensus site of RET and binds PKC5 through the so-called
regulatory region (subunit) where the caspase-3 consensus site is located. Based on these data,
lack of AIP or presence of our pathogenic AIP variants may disrupt the RET/caspase-3/PKC&/AIP

complex resulting in reduced JNK activation and reduced apoptosis.
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Supplementary Figure 5: Exploratory in silico model for RET/ Caspase-3/ PKC5/ AIP interactions. The model was
prepared with Chimera with the available 3D X-ray diffraction protein structures for caspase-3 (full-structure,
homodimer), PKC3, AIP (as a trimer, dimer or as a monomer) and RET. Many simulations were performed until the best
fit was found matching results from Figure 5. Left: individual proteins or IC-RET fragment (705-1025 amino acids).
Right: Transparent model (up) or solid model (down, corner).

Caspase-3 is a confirmed homodimer (structure 3 5i9b, X Ray Diffraction 1.8A, amino acids.29-277). PKC3 has no
individual structure but a model was generated based on the template PDB for PKC beta (3pfq, 230-672 amino acids, X
Ray Diffraction, 4A) and PKCS aa sequence. RET has only homodimeric structures (4cki, X Ray Diffraction 2.12A, amino
acids.705-1013; in Chimera we eliminated one unit of the dimer, resulting in a monomer and applied to the sequence
amino acids.705-1025, containing both caspase-3 consensus sites at 707 and 1017. Human AIP model was obtained
from template 1gz2 (PDB) in SWISS-MODEL and the AIP sequence 8-329 amino acids. The generated model is an
homotrimer based on homology proteins. We eliminated two units resulting in the AIP monomer.
In our hands the exploratory model favors AIP as a monomer. RET interacts directly with Caspase-3 through the
Caspase cleavage consensus sites at 707 and 1017 (stronger the 707 interaction). PKC3 interacts with Caspase-3
through the N-terminal regulatory portion (so-called regulatory subunit) where the consensus caspase site is located.
AIP interacts with Caspase-3 through V49, and this interaction is lost with V49M.

AIP interacts with RET through the R325; when this is changed in R325Q, both RET and Caspase-3 are lost since RET+
Caspase-3 interaction is strong.

AIP interacts with PKC3 through three residues. R16 at the N-terminal portion (regulatory subunit) where Caspase-3 is
near; this AIP-PKC5 interaction is affected in R16H; a second AIP-PKC5 interaction at the C-terminal portion of PKCd is
through R304, that is lost with R304Q. The AIP-PKC$ interaction is not significantly altered in 1257V, although its
tendency is to be increased, while the association to RET + Caspase-3 is reduced suggesting a conformational shift in
AIP that prevents RET-Caspase-3 binding.
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Suppl. Figure 6 E-F
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Supplementary Figure 6: Characterization of the new model of pituitary gigantism through alteration of
RET-AIP interaction using AIP mutants injected at birth

A-C) Retrovirus quality controls. A) Quantitative titration using gPCR of the different retrovirus bearing vector
IRES-EGFP (MIGR1) or AIP (wtAIP or variants). This was followed by a functional titration comparing plasmid
transfection with retroviral transduction in HEK293T (not shown) and GH4C1. EGFP + cells (green) were
quantitated over total cells (Hoechst 33258, blue). B) Transfection of the plasmid in specific conditions to
separate endogenous rAip from exogenous myc-tagged AIP. Long-term populations of wtA/P or vector infected
cells after 15 passages still expressed exogenous AIP. C) Acute transduction with wtAIP, V49M or R304Q
followed by RETs transfection in GH4C1 cells. Variant AIP blocked RET-induced apoptosis and the
RET/Pit1/ARF/p53 pathway.

D-F) Phenotypic characterization of male rats. Analysis of somatotroph specificity through GFP cellular
co-localization in male rat pituitaries. Analysis of protein levels through western blot of whole pituitary
extracts. D) Other measurements were also significantly increased in male rats infected with variant AIP in the
pituitary, such as body length, head length -but not width and lower incisors. Regarding other organs, pituitary
weight was only significantly different in two variants (R304Q and R16H) and there were no consistent
differences in liver weights. E) In 16 weeks old male rat pituitaries, GFP (for EGFP detection) was expressed at
the periphery of the adenopituitary lobes (somatotroph areas) in cells co-expressing nuclear PIT1. Different
sections of two wtAIP (rat n° 64 and 65) and two C238Y AIP variant (rats 57 and 89) are shown. F) Western blot
of groups (n=4) of pituitary extracts from vector (MIGR1), wtAIP or variant AIP. High throughput gels for 22
samples were used to run extracts in parallel. Quantification of the data and statistics are shown in the main
article.

(C: n=4, with at least 4 replicates measurements in each. D: n is indicated in main Figure 6. E: three pituitaries
were studied; shown images from two.

Two-ways ANOVA with Tukey’s multiple comparison test correction, C; One-way ANOVA with Dunnett’s multiple
comparison test correction D. *, p<0.05; **, p<0.01; ***, p<0.001).



Extended Text related to the phenotype in female rats injected at birt with AIP variants

(Suppl. Figure 7)

Results in female rats showed an attenuated phenotype. Although individual female animals
injected with variant AIP presented a clear growth phenotype, when grouped, 16 week-old female
rats injected at birth with any of the AIP variants did not present significant differences in serum
levels of IGF-1, nor in body composition, nor differences in % of cells positive for cleaved caspase-
3, IC-RET or p-PKCS3, although there was a tendency for reduced cleaved caspase-3 in variant AIP
(Suppl. Fig 7A-G). Females injected with three AIP variants (R304Q, R325Q and C238Y) had a
significantly longer body. Significant differences in GFP positivity were found in variant AlP-injected
groups compared to wtAIP (Suppl. Fig 7G). However, pituitary sections and adenohypoyses areas

were consistently bigger and hyperplastic in variant AIP injected rats in both sexes (Suppl. Fig 7H).

We performed correlation of all the above variables in relation to serum IGF-1 levels in male and
female rats (Suppl. Fig 71). Significant positive correlations between IGF-1 levels and phenotypic
measurements were found in males and in females when selecting those female rats with IGF-1
levels >2SD over median of MIGR1 controls. There were two exceptions: in females, heart weight
was not correlated with IGF-1, and fat /fat mass (MRI) were significantly inversely correlated with
IGF-1 when in males, it was lean mass positively correlating with IGF-1. These results are in
keeping with a sexual dimorphism in pituitary GH secretion and GH-IGF-1 effects in peripheral

tissues.

We evaluated the weight curves after birth till puberty taken as a measure, albeit not precise, of
growth. Just before puberty, in both sexes, weights of variant AlP-injected 4 week old animals were
significantly larger than wtAIP- or MIGR1-injected animals in the majority of groups (Suppl. Fig 7J).
Alive animals with AIP variant injections seemed larger than animals injected with wtAIP (Suppl. Fig

7J, left).
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Suppl. Figure 7 F-G-H-I-J
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Supplementary Figure 7: AIP variants injected in the pituitary at birth induced an attenuated phenotype
in female rats. A) Although some values in variant AlP-injected rats were clearly very high, free IGF-1 serum
levels did not reach significance between wt or variant AIP-injected 16 weeks old female rats. B) Significant
differences in total and body length were found for R304Q, R325Q and C238Y AIP variants. No significant
differences were found in tail length with the exception of C238Y. C) In soft tissues, only ears were
significantly bigger in variant AIP in the female rats, without significant differences in back and front paws with
the exception of C238Y front paws. D) Heads were significantly bigger in only some AIP variants. E) Heart
weights were not different. F) Weight and body composition was not altered in female rats. G) In
immunohistochemistry, we found a tendency for reduction of % of cleaved caspase-3 in variant AIP pituitaries
(R304Q, C238Y) respect to wtAIP pituitaries, that did not reach significance. IC-RET and p-PKC3 stained cells
did not present differences. The % of GFP cells was half of those found in males. Moreover, there were slight
but significant reduced GFP in the variant pituitaries. H) The mean adenohypophysis area per section was
significantly increased in both males and females injected at birth with R304Q and C238Y AIP variants
compared to wtA/P, indicating bigger pituitaries in both sexes with altered AIP. 1) Significant correlations
between IGF-1 levels and phenotypic measurements in all male (left) and female (center) rats show
differences. When selecting those female rats with >2SD IGF-1 levels over median MIGR1 controls (right),
similar positive correlations as in males were found with two exceptions: Heart weight was not correlated with
IGF-1; and in females Fat was inversely correlated with IGF-1 when in males Lean mass was directly
correlated with IGF-1. J) Apparent size seems bigger in male and female prepubertal 4 week old rats injected
with variant AIP compared to wtAlIP or MIGR1. Body weights at this age were also significant.

(One-way ANOVA with Dunnett’s multiple comparison test correction A-B-C-D-E-F-H-J; Kruskal-Wallis with
Dunn’s multiple comparison test correction G; Spearman r correlations I. *, p<0.05; **, p<0.01; ***, p<0.01;
numbers, when p is non-significant but approximates to significant levels).



Extended Text related to the bioinformatics performed on the data retrieved from ReGEO

GSE63357 (Suppl Figure 8)

We performed bioinformatics on the data retrieved from the ReGEO database, code GSE63357
(Hernandez-Ramirez,L.C. et al, Oncotarget, 2018). An RNA expression profiling array
comparing normal pituitary (n=5), AIP-FIPA somatotroph adenomas (n=6), non-AlP-FIPA
somatotroph adenomas (n=3), and sporadic somatotroph adenomas (n=4). We retrieved log2
and significance for RET, GDNF, GFRA1, PIT1, CDKN2A and TP53 expression data in the four
groups of samples. Volcano plots comparing AIP-FIPA (AlPpos), non-AIP-FIPA (AlPneg), or
sporadic (SP GH), somatotrophinomas to Normal Pituitary (NP) revealed that neither of the five
genes (RET, GDNF, GFRA1, PIT1A or TP53) appeared in the significant range (Suppl. Fig 8A-
D). LogFC and p-values are shown in Suppl. Fig 8E. There were no differences between the
different types of somatotrophinomas for those five genes (Suppl. Fig 8E).

The CDKNZ2A gene has two different isoforms, p74ARF and p16, translated into two different
proteins (respectively, p714ARF is Q8N726 and p16 is P42771) due to a different translational
frame since each has a specific Exon 1. In the Affymetrix array CDKN2A probe set is
represented by three probes, each having 11 oligonucleotides grouped (Suppl. Fig 8F). Only
209644 x_at probe contains oligos for the specific COKN2A-ARF Exon 1. LogFC and p-values
for the CDKNZ2A probe set are shown in Suppl. Fig 8E. Only the 209644 _x_at probe reach

shows reduced expression in AIP-FIPA compared to sporadic adenomas.
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Supplementary Figure 8: Quantitative mRNA expression of RET, GDNF and GFRA1 do not differ between normal
adenopituitary (NP), sporadic somatotroph adenomas (Sp GH), AIP-FIPA somatotroph adenomas (AlPpos) and non-
AIP-FIPA somatotroph adenomas (AlPneg).
Data from ReGEO GSE63357 were retrieved and analysed (http://www.regeo.org/details.jsp?gseld=GSE63357). The
experiment, published in Barry et al., Oncotarget 2018, compared RNA expression profiling in 5 normal pituitaries, 4

sporadic somatotroph adenomas, 6 AIP-FIPA somatotroph adenomas and 3 non-AlP FIPA somatotroph adenomas using

the Affymetrix human Gene Chip HG-U133 Plus 2.0 array.
A-C) Volcano plots showing expression results for each individual adenoma group (AlPpos, AlPneg, Sp GH) compared to
the NP. RET, GDNF, GFRA1, PIT1 and TP53 gene dots are marked in each plot (violet). D) Volcano plots comparing the
AIP-FIPA (AlPpos) and Sporadic (Sp GH) adenomas groups among themselves. RET, GDNF, GFRA1, PIT1 and TP53 gene
dots are marked in each plot (violet). E) Quantitative data showing no significant differences among the groups for the
genes in the pathway RET, GDNF, GFRA1, PIT1 and Tp53.
F) The CDKNZ2A probe sets in the array is comprised of three probes. Scheme indicating the localization of the
hybridization regions for each of the three spots/ probes, each containing 11 probes within the same region, representing
the CDKN2A gene contained in the Affimetrix human Gene Chip HG-U133 Plus 2.0 array: 209644_x_at, 21156_at and
207039_at. Only 209644 _x_at contains probes specific for the specific Exon 1 of CDKN2A-p14ARF, corresponding to the
protein Q8N726, although it. The probe 21156_at is addressed to the alternative Exon 1 specific for the CDKN2A-p16
isoform, corresponding to the protein P42771. The probe 207039_at corresponds to the common Exon 3. Proteins Q8N726
and P42771 are translated with a different frame, and have no common sequence. G) Quantitative data showing a
difference of -2.03 log2 in FC for probe 209644 _x_at with p=0.088, while none of the other two probes nor presented FC
values over 2 nor reach a p value lower than 0.1.




Supplementary Figure 9 or Graphical Abstract.

The role of AIP in the survival and apoptotic RET pathways in normal conditions (A) and when AIP is
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In silico study of AIP variants

The different types of human AIP variants were analysed using Ensembl '. The clinical
significance of the variants was analysed using VarSome 2, ClinVar 3, doSNP 4and Ensembl variant
effect predictor (VEP) °.

To evaluate the potential pathogenicity of the AIP variants we use free software with specific
prediction algorithms related to gene sequence, protein sequence and domains, or allele frequency
at population level. The first group of programs include more than one criterion such as the CADD2
v1.6 8 that merges evolutionary conservation information with functional information; REVEL’ that
integrates thirteen scores; and MetalR & which combines deleterious variants with the frequency of
the alleles in the population. The second group of programs based on the structure and function of
the protein were: POPMuSiC °, HoTMuSiC '°, SNPMuSiC "', SIFT "2, FATHMM-XF '3, PolyPhen2-
HDIV 4, PolyPhen2-HVAR ', PROVEAN "% and MutationAssessor '¢. The third group of programs
based on minor allele frequency (MAF) to distinguish between common polymorphisms and rare
variants (MAF <1%) are: GnomAD "7 and ExAC 8.

Thresholds for normality were given by each program. Recently a second threshold has
been proposed for some of the above algorithms '°. Variants were revised by both threshold criteria
as shown in Suppl. Table 2: red or carnation colour code when pathogenic/ likely pathogenic
respect to threshold; underlined when pathogenic/ likely pathogenic respect to alternative threshold.

Cell lines and rat adenohypophysis primary culture

The rat pituitary cell line GH4C1 was cultured in DMEM (D6046, Sigma) plus 10% FBS
(10270-106, Gibco) and 1% of Penicillin-Streptomycin solution (P0781, Sigma). HEK293FT cell line
was cultured in DMEM (D5796, Sigma) plus 10% FBS, 1% of Penicillin-Streptomycin solution, 5X L-
glutamine (25030-024, Gibco), 5X MEM NEAA (11140-050, Gibco) and 5X Sodium Pyruvate
(P5280, Sigma). All the cells were maintained at 37°C and 5% of CO..

Identification of cell lines was performed following ICLAC protocols (https://iclac.org/ ). In rat
GH4C1 phenotype was used as the main tool (See Supl. Fig. 1). HEK293T were identified through
STRs (Applied Biosystem Identifier Plus Panel v1). Our profile was >95% identical to the one on the
Cellosaurus database corresponding to DSMZ from where they were obtained some years ago:

Applied Biosystem HEK293T HEK293T Cellosaurus

Identifier Plus Panel v1 | (at our institute CIMUS) | DSMZ Profile

D8S1179 12,14 12,14
D21S11 28,30.2 28,30.2
D75820 11 11
CSF1PO 7,12 11,12
D351358 17 15,16,17
THO1 79.3 7,93

D13S317 12,14 12,14




D16S539 9 9
D2S51338 19 19
D19S433 15,18 15,18
VWA 16,19 16,19
TPOX 11 11
D18S51 17,18 17,18
AMEL X X
D5S818 8,9 8,9
FGA 23 23

Adenohypophysis cells were cultured as described 20 2! 22, Two-week-old (30-50g) Sprague-
Dawley male rats were decapitated, and the pituitary gland removed. In a petri dish under a culture
hood, adenohypophysis was dissected and kept in DMEM. When all the pituitaries were dissected,
DMEM was discarded and adenopituitaries minced with a surgical blade. Minced glands were
digested with a solution of 0.4% (w/v) type-IV collagenase (C5138, Sigma), 0.2% (w/v) dispase |l
(165859, Roche), 0.1% (w/v) hyaluronidase (H3506, Sigma), 0.01% (w/v) DNAse | (DN-25, Sigma),
and 10% (v/v) FBS in DMEM, at 37°C for 20 min with mechanical dispersion at 5 min intervals. The
resulting cell suspension was centrifuged, and the pellet resuspended in 1.5 mL of trypsin-EDTA 1X
(T4174, Sigma) for 2-5 minutes. DMEM+10% FBS in was then added, and the cells were
centrifuged and washed once with DMEM. The cells were finally re-suspended in Semisynthetic
Medium (MSS) modified from Soto et al>®. MSS is composed by Ham's F12/DMEM medium
(F12:DMEM 6.5:3.5 v/v) containing 2 g/L BSA (A7906, Sigma), 2.4 g/L HEPES (H3375, Sigma), 143
Mg/L hydrocortisone (H0888, Sigma), 0.4 ug/L T3 (T6397, Sigma), 10 mg/L Apotransferrin (T1147,
Sigma), 10 ng/L glucagon-like peptide (G9416, Sigma), 0.1 ug/L epidermal growth factor (E9644,
Sigma), 0.2 ug/L fibroblast growth factor (F3133, Sigma), 10-°°M ([D-Ala2]-Growth Hormone
Releasing Factor 1-29 amide human (SCP0161, Sigma) 10% FBS, 1% Penicillin-Streptomycin, and
100 yM FURDR (F0503, Sigma) to prevent fibroblast growth. Cells were plated in Corning culture
dishes coated with Poly-L-Lysine (P4707, Sigma), then incubated for 2 days.

In vitro experimental design

Transient transfections in cell lines were performed as described 2 2! using Nucleofector™
IIb (Amaxa AAB-1001, LONZA) with A-020 protocaol, kit L, VCA-1005, (Lonza) for GH4C1, and A-
023, kit V, VCA-1003, (Lonza) for HEK293FT. Cells must be actively dividing for an efficient
transfection with this method, so the cells have to be trypsinized 2 days before starting the
procedure. wtAIP or AIP variants were cloned in pcDNA3.1(+) (Thermo) with an N-terminal Myc tag.



RETS, RETL and IC-RET have been published in 2°. All plasmids and siRNAs are listed in Suppl.
Methods Table 1. Plasmids are available upon request.

Plasmid mix was prepared in 5 pl TE (quantity was established after standardization by
western blot, respectively. 3.5 ug RET, 0.25 ug AIP, 3.5 pg pcDNA3.1, 3 ug IC-RET, 0.5 ug PKCd,
0.8 ug siRNA). After trypsinization, 1.2 108 cells were pelleted and resuspended in 100 pl of the kit
solution and mix with plasmid solution into the cuvette. After electroporation, cells were
resuspended in 6 mL complete medium and seeded in 6-well plates at 10° cells/well, 24-well plates
at 50.000 cells/well or 48-well plates at 35.000 cells/well.

For randomization, cells were seeded in multiwells by lines, and transfections or treatments
were performed by columns, or vice-versa.

Alternatively, cells were transfected using TurboFect Transfection Reagent (R0531 Thermo
Fisher) for GH4C1, HEK293FT and rat pituitary primary cell cultures. For 24-well plates 1 ug total
DNA (AIP variants or AIP siRNA) was mixed with 2 pl Turbofect, and 100 pl of the mix were added
to each well. For 48-well plates 0.5 pg total DNA (AIP variants or AIP siRNA) was mixed with 1 pl
Turbofect, and 50 pl of the mix were added to each well. For 96-well plates 0.4 ug total DNA (AIP
variants) was mixed with 0.7 pl Turbofect, and 40 pl of the mix were added to each well. For 6-well
plates, 4 ug total DNA (RET, AIP variants in IRES construct) was mixed with 6 ul Turbofect, and 400
I of the mix were added to each well.

After transfection cells were kept in full medium for 36 hours. Experiments were performed in
serum deprived conditions using DMEM + 0.1% BSA (A7906, Sigma) for GH4C1 and DMEM +
0.5% FBS for HEK293FT or MSS + 0.5% FBS for adenohypophysis primary cultures after washing
the cells one time with PBS. Under deprived conditions cells were treated with vehicle or rat GDNF
(PF039, Calbiochem) 50 ng/mL for GH4C1 or 100 ng/mL for primary cultures. This recombinant
GDNF is obtained from Sf9 fly cell line, (>97%) and with very low endotoxin contain (LPS <1.0
EnU/ug).

Plasmid preparation, Apoptosis assays and cell counting

Apoptosis detection was performed and counted 48 hours after treatments as described 20 2"
24,25 |n brief, 1 yL/mL of Hoechst H33258 (bisbenzimide, B2883 Sigma, stock 50 uM in distilled
water) prediluted 1:10 in culture medium was added to the cells. After 45 minutes of incubation, the
number of apoptotic cells versus the number of total cells is counted after photographing six fields/
well in the fluorescence microscope (Olympus IX70/1X51, Objective CPlanN 10x) with
CellSensv1,16 software. Hoechst H33258 binds to DNA staining all living nuclei in a dark blue
colour in cells. Apoptotic cells present condensed chromatin with a bright light-blue colour. For each
well at least 6 different fields totalling >400 cells were counted, with 4 replicates per condition. At
least three independent experiments for each AIP variant -/+ RET condition were performed.

As an alternative method to detect earlier apoptosis, Caspase-3/7 CellEVENT (Thermo) was
performed by adding 8 pl/ 100 ul of medium. Hoechst 33258 was also added. After 30 min in the
incubator (dark) fluorescence was registered with the above fluorescence microscope.

For cell counts, parallel experiments were performed but, following a time-course, cells were
trypsinized and counted in a cytometer. At least three independent experiments for each AIP variant
-/+ RET condition were performed with 4 replicates per condition.

Lysates, subcellular fractionation, western blot and immunoprecipitation



Experimental setup regarding plasmid combination at transfection and protocol for lysates is
summarized in Suppl. Methods Table 2.

Total cell extracts, including nuclear proteins, at long term (48 hours) were obtained with
SDS-Lysis Buffer, by adding 15 uL of boiling 1% SDS per 6-well plate as described 2% 26 27.28_ After
scraping, lysates were incubated at 95°C for 5 min in a thermoblocker, and diluted 1:4 with Lysis
Buffer (50 mM Hepes pH 7.4 (H3375, Sigma), 1% Triton X-100 (T8787, Sigma), 10% Glycerol
(G9012, Sigma), 150 mM NaCl (S9888,Sigma), 5 mM EGTA (E5134, Sigma), 1.5 mM MgCl,
(M8266, Sigma), 20 mM Na-pyrophosphate (S9515, Sigma), 2 ug/mL Aprotinin (A6279, Sigma), 4
mM PMSF (P7626, Sigma) and 92 pg/mL NasVO, (S6408, Sigma). For cytosolic short-term extracts
(30 minutes, 1 hour) we used 60 pL Lysis Buffer directly (without SDS) per 6-well-plate 202,

Subcellular fractionation was performed in 6-well plate, following the protocol described by
P.Holden and W.A. Horton 3 with some modifications. After intensive washing with cold PBS, we
add 100 uL buffer 1 (Digitonin buffer) directly to the well. This volume was maintained for buffer 2, 3
and 4.

For immunoprecipitation 100-150 ug of protein (cytosol extracts and subcellular fractionation
extracts 1 and 3) were mixed with 0.4 ug of Myc or PKC$ antibodies. For the negative controls, the
same amount of protein extract was used without antibody. 30 yL of G-Sepharose Gamma Bind
(17-0885-01, GE Healthcare) was added to each sample and incubated for 1 hour and 30 minutes
at 4°C in an end-to-end mixer. Samples were washed 6 times with cold HNTG buffer (20 mM Hepes
pH7.5, 15 mM NaCl, 10% Glycerol, 1% Triton X-100) and centrifuged at 12000 rpm for 2 minutes at
4°C.

Lysates from rat adenohypophysis were prepared in 0.5 mL/ 10 mg tissue of Tissue Lysis
Buffer (50 mM Hepes pH 7.4, 10 mM NaCl, 1% Triton™ X-100, 10 mM EDTA pH 8 (E9884, Sigma),
10 mM NaF (S7920, Sigma), Cocktail complete-EDTA-free (11873580001, Roche), 2 uyg/mL
Aprotinine, 4 mM PMSF, 92 ug/mL NaszVO4and 10 mM Na-Pyrophosphate). Tissue was
homogenized by mechanical action in a TissueLyser Il (85300, Qiagen) at 30 rpm for 3 minutes
followed by incubation on wet ice for 15 minutes and centrifuged at 12000 rpm for 30 minutes at
4°C.

To quantify total proteins in each lysate we used Pierce Protein Assay™ 660nm (22660,
Thermo Fisher Scientific) and ICDR (lonic Detergent Compatibility Reagent, 22663, Thermo Fisher
Scientific) following manufacture protocols. This last method allows measuring in lysates containing
ionic detergents and reducing agents, which can interfere in the quantification for the Pierce
method.

50 ug cell lysates were loaded per lane in 6, 10,12 or 13% SDS-PAGE in GE Healthcare
miniVE Vertical Electrophoresis System (80-6418-77, Fisher Scientific) with Page Ruler Prestained
Protein Ladder (26616, Thermo Fisher Scientific). Transfer to the membrane (Immun-Blot PVDF 0,2
pum, 162-0177, Biorad) was performed using semi-dry blotter system (234 050-2, Sigma).

20 ug adenohypophysis extracts were run in parallel using Precast Criterion™ TGX™ (Tris-
Glycine eXtended, 56710-25/35/45, Biorad) in Criterion™ Vertical Electrophoresis Cell (1656001,
Biorad).

Antibodies and dilutions are showed in Suppl. Methods Table 3. Enhanced
chemiluminescence (ECL) assay (Pierce) was used for detection (32106, Thermo Scientific).
Membranes were exposed to photographic films (Super RX-N 47410 19289, Fujifilm) and exposed
for 2.5, 10, 30 minutes or for hours. For densitometry in western blots we use Quantity One 1-D
Analysis Software (Biorad).



Caspase-3 enzyme activity assay in cell lysates

Transfected cells were seeded at 20.000 cells per well in a 96 well-plate, grown for 36 hours,
deprived and treated with 50 L vehicle or 20 uM of Caspase-3 inhibitor Ac DEV-CHO (A0835,
Sigma) for 2 hours. After this, cells were lysed with 50 uL Caspase-Glo® 3/7 Assay kit (G8090,
Promega) for 45 minutes in an orbital shaker at low mode. Lysates were centrifuged for 5 min at
1000 rpm. Luminescence was measured in the supernatants in a white plate using the Multimode
Mithras LB 940 (Berthold Technologies). At least three independent experiments for each AIP
variant -/+ RET condition were performed with 4 replicates per condition.

Promoter activity

Pit1 promoter activity was measured using -378 sequence of the rat Pit1 promoter (Suppl.
Methods Table 1) together with pSV-B-galactosidase in GH4C1 cell as described in 20-2'. 22 by the
Amaxa method.

0.5 ug of p-378Pit1-luc and 0.25 ug of pSV-f3-galactosidase were co-transfected with 3.5 ug
of RETs (pcDNA3- RETSs) or the empty vector; and with 0.25 ug of wt-AIP or AIP variants; or 0.8 ug
of rat Aip siRNA or non-target Scramble siRNA (Sc); Suppl. Methods Table 1) by Amaxa. 50.000
cells/well were seeded after transfection in a 24-well plate.

After 36 hours, cells were deprived during the appropriate time. Wells were washed with cold
PBS and lysates obtained in 80 uL 5X Passive Lysis Buffer (E194A, Promega). Luciferase and j-
galactosidase activities were assayed in 40 L of lysate as described in 202" 26 ysing Multimode
Mithras LB 940 (Berthold Technologies). Results are expressed as relative increment over control.
At least three independent experiments for each AIP variant -/+ RET condition were performed with
4 replicates per condition.

RNA extraction and qRT-PCR

RNA was extracted from cells and tissues using TRIzol™ reagent (Invitrogen, 15596026)
and following the indications described by the supplier. To characterize the GH4C1 line, the
adenohypophysis of 10 Sprague Dawley rats (5 males and 5 females, USC Animal Center) and 10
Wistar Han rats (5 males and 5 females, Janvier Labs) as well as five different passages of GH4C1
cells were extracted. RNA was QC and quantified using Nanodrop 2000 spectrophotometer
(ThermoFisher).

1 ug of total RNA was treated with 11U RNAse free DNAse (EN0521, Thermo Fisher), 5 uL
of 10X Buffer and water to a final volume of 50 pL at 37°C for 30 minutes 3'. To stop the reaction, 5
ML of 50 mM EDTA were added and incubated for 10 min 65° C. cDNA was then obtained by RT-
PCR using 1.5 pL de 300 Ul MMLYV (28025-013, Invitrogen, USA), 6 ul 5X First-Strand, 3 pL 0.1M
DTT, 1 yL RNaseOUT™ Recombinant Ribonuclease Inhibitor (40 U/uL). 1.5 yL 10mM dNTPs, 0.1
uL random primers and distilled water to a final volume of 30 uL *'. RT-PCR protocol: 25°C for 10
minutes, 37°C for 50 minutes, 42°C for 30 minutes and 95°C for 5 minutes.

gPCR was performed using 1 uL of cDNA with 6 pL of 2X TagMan Gene Expression
MasterMix (4369016 Applied Biosystems) and 4 L of diluted primers (Suppl. Methods Table 4) in a
7500 Real-Time PCR System (4351105, Applied Biosystems).



Each 96-well-plate was used for a single reaction that includes samples (2 replicates)
together with positive and gPCR negative controls (all reagents except for MMLV) and blanks (all
reagents except cDNA)3'. As control of expression for quantitative assays, TBP is used, since it
shows stable expression pattern in different tissues and cell lines 32 including endocrine tissues 25 31.
For expression we used ACt (comparative GH4C1 cells to adenohypophysis tissue) or AACt 25 31,

Proximity Ligation Assay (PLA)

The in situ technology Duolink® Proximity ligation Assay (PLA) from Sigma was used for the
evaluation of the interaction between two proteins in their native state and for the quantification of
this interaction by the number of dots (positive interaction) per cell. RETs was equally co-transfected
in all required experiments while Caspase-3 was endogenous. To avoid misinterpretation of the
data due to differences in the expression efficiency of AIP variants, bicistronic MIGR1-myc-AIP
plasmids that co-express EGFP were transfected (see below). This allows us to quantify the positive
interaction of different AlPs with other proteins in relation to the intensity of EGFP expressed by
each transfected cell.

20.000 cells per well were seeded in a black glass bottom 96 well-plate (655892, Greiner
bio-one). After 24 hours the cells were transfected using 0.7 yL/well Turbofect (Thermo) and 0.2 ug
MIGR1-myc-AlP construct, 0.2 ug pcDNA3- RETs or pcDNA3.1, in a final volume of 40 pL of
DMEM. 36 hours later, wells were serum-deprived for 1 hour in 0,1% BSA+DMEM and were fixed
with 100 pL of 10% Neutral Buffered Formalin (05-K-01-009 Bio-Optica) for 10 minutes at room
temperature. The wells were aspirated carefully and 100 pyL of MetOH at -20°C was added for 7
minutes. Each well was washed twice with cold PBS and 100 uL of 0.1% Triton-X100 was added for
1 hour on wet ice. The wells were washed 1 time with cold PBS and the residual volume was
completely discarded. To each well 50 yL of Blocking solution (DUO82007, Sigma) was added for
30 minutes at 37°C. During this time, pairs of primary antibodies (combination of rabbit- and mouse-
primary antibodies, Suppl. Methods Table 5) were added in 50 uL per well of Antibody Diluent
(DUO82008, Sigma) and incubated overnight at 4°C.

The procedures of washing, hybridization with the anti-Rabbit PLUS (DU0O92002, Sigma)
and the anti-mouse MINUS (DUO92004, Sigma) and the ligation and signal amplification with the
Duolink® In Situ Detection Reagents Red (DUO92008, Sigma) were carried out according to the
procedure described by the supplier. In the final step, 50 uL of Fluoro-Gel, (17985-10, Electron
microscopy Sciences) with 2 mg/mL of DAPI (D9542, Sigma) were added to each well and
incubated for 10 minutes at room temperature in darkness. Carefully 200 pL of 80% glycerol was
added to each well and the multiwell plate was stored at -20°C until analysis.

Wells were photographed with Leica TC SP5-AOBS broadband confocal microscope
equipped with a white laser (470-670 nm) using 63X oil objective (NA=1.5) and the LAS AF software
(Leica Application Suite Advanced Fluorescence). Maximum projections were generated from serial
plans of 0.7 um including 3 different channels: red (dots, 594 nm excitation, 624 nm emission),
green (EGFP, excitation 489 nm, emission 509 nm), and blue (DAPI, excitation 358 nm, emission
461 nm). At least 6 to 10 fields of each replicate were made and 3 independent replicates for
condition with a median number of >100 cells/replicate analysed.

Once the images were obtained, Fiji-lmage J 1.51 32 software was used to group the
different channels of the images in a suitable format for analysis. CellProfiler 3.1.8 34 software was
used to quantify the images using our own designed pipeline
(Pipeline_Garcia Redueles et al 2020) Results on total number PLA dots, the integrated intensity
of EGFP per cell, total number of cells, number of PLA dots in each cell were obtained and
represented as the number of PLA dots in relation to integrated intensity of EGFP in each cell.




In silico exploratory model for protein interaction

An exploratory model of the interaction between AIP, RETs, PKCd and Caspase-3 based on
the results of the PLA assay was carried out with two software’s SWISS-MODEL 3% and UCSF
Chimera 3.

SWISS-MODEL obtains different 3D structure models of a protein using as template the
protein sequence and data collected from known crystallographic structures, either from this protein
or from homologous proteins, of the Protein information repository Data Bank (PDB). These
generated models represent the complete protein or partial regions, as well as their most likely
oligomeric state. Afterwards, UCSF Chimera software was used to modify the sequence (AIP
variants), the oligomeric state or to mark concrete residues within the 3D structure of a protein.

o For Caspase-3: we used the model based on the PDB 5i9b (obtained by X-ray diffraction,
1.8A) of the human Caspase-3 (Uniprot # P42574) that corresponds to a homodimer (residues 29 to
277) in SWISS-MODEL. In this case, UCSF Chimera was used to modify the surface texture and for
identification of residues corresponding to the active site.

o For RET: we used a model whose sequence covers residues 705-1025 generated from the
PDB 4cki (residues 705-1013, crystallographic structure obtained by X-ray diffraction, 2.12A) and the
human RET sequence (Uniprot # P07949) in SWISS-MODEL. As this RET model was a homodimer,
using UCSF Chimera a unit was removed from the complex, giving rise to the 3D model of the
monomeric RET human protein of 705-1025 aminoacids.

o For AIP: we used a model sequence covering residues 8-329 generated from the PDB 1gz2
(obtained by X-ray diffraction, 3A) and the AIP sequence (Uniprot # 000170). This model generated
in SWISS-MODEL was a homotrimer. Using UCSF Chimera one or two units were eliminated from
the trimer, giving rise to the 3D model of the dimeric or monomeric human AIP protein of 8-329 amino
acids.

e For PKC3: we used human PKCS sequence (Uniprot # Q05655) and since there were no
available PDBs of PKC8, by homology as recommended we used the PDB of PKCp 3pfq (residues
230-672, obtained by X-ray diffraction, 4A, homology 58.10%). To this, the complete human PKC§
sequence was incorporated in SWISS-MODEL; the model generated was a monomer. The UCSF
Chimera program was used to modify the surface texture and to identify specific residues of the

sequence.



Retrovirus production and functional validation

Human myc-wtAIP or variant constructs cloned in pCDNAS3.1 were recloned in in the
bicistronic retroviral vector MIGR1, contained a multicloning site followed by an IRES and a second
coding sequence corresponding to EGFP (Addgene) (Suppl. Methods Table 1) using pre-designed
primers for the pCDNAS3.1 multicloning site forward
5GCATGACTCGAGTTCACCATGGAACAAAAGTTGATTTCTGAAGAA 3’ and reverse 5’
TAAGCAGTTAACTGAATGGGAGAAGATCCCCCGGAA 3’ (Eurofins Genomics, Thermo Fisher
Scientific). These primers contain the restriction enzymes Xhol (5’ end) and Hpal (3’ end) for myc-
AIP direct cloning into the multicloning site of MIGR1.

100 ng of a pcDNA3.1-myc-AlP construct were mixed with 0.1 pL Platinum™ Tag DNA
Polymerase High Fidelity (11304011, Thermo Scientific), 2.5 yL 10X TagmanPCR Buffer, 1 yL of 50
mM MgCI2, 0.5 yL dNTPs 10 mM, 0.5 uL of 10 uM Forward primer and 0.5 uL of 10 uM Reverse
primer and distilled water to a final volume of 24 pL. The PCR was performed in T100™ Thermal
Cycler (1861096, Biorad): 1cycle 94°C for 2 minutes and 40 cycles of 94°C for 15 seconds, 59°C for
30 seconds, 68°C for 1 minute and a final step of 68°C for 5 minutes.

Amplicons and MIGR1 vector were cut with Xhol and Hpal (R0146S, R0105S, New England
Biolabs) followed by vector dephosphorylation (0.5 IU CIP, M0290S, New England Biolabs).
Purification steps for amplicons directly after PCR and MIGR1 restricted vector from agarose gel
were performed with GeneJET (K0832, Thermo Fisher Scientific). Ligations were performed using
Quick Ligation (M2200S, New England Biolabs).

After transformation and replication on Subcloning Efficiency™ DH5a™ competent cells
(18265-017, Invitrogen), plasmids were purified using NucleoSpin® Plasmid (740588.50, Macherey-
Nagel) for minipreps, and “EndoFree TM” (12362, Qiagen) for maxipreps.

Retroviral final constructs (myc-AlP-IRES-EGFP-MIGR1, so called myc-AlP-MIGR1) were
submitted to diagnostic restriction with enzymes, Sanger sequenced, and transfected in GH4C1
cells for in vitro EGFP expression and cell lysates to perform western blot for GFP and myc-AIP
expression.

The myc-AlIP-MIGR1 constructs were used to obtain retroviruses. Production of the retroviral
particles was carried out by transfection in HEK293FT (2x10° cells) using 20 ug of MIGR1 or
MIGR1-myc-AIP, 15 ug of pHelper virus and 6 ug of pVSV-G using the 2X Hanks saline solution
(HBSS)-CaCl, method. Between 48 -72 hours post transfection medium was collected every day.
Retroviral particles were concentrated from the medium by ultracentrifugation.

A quantitative viral titer was calculated by qPCR. For the calibration curve we used the wt-
AIP-MIGR1 retroviral plasmid with serial dilution. For the extraction of retroviral DNA, we used the
PureLink™ Viral RNA/DNA Mini Kit (12280-050, Invitrogen). 1 yL of DNA samples were mix with 9
uL of 10 yM Forward primer 5’ATAGACTGCGTCGCCCGG3J’ (0.4 uL/sample), 10 yM Reverse
primer TCCCAAGGATCAGCGAGTC3' (0.4 uL/sample) for the LTR region were used, together
with Brilliant 11l Ultra-Fast SYBR MasterMix (Agilent Technologies) 2X (5 uL/sample), and distilled
water (3.2 yL/sample). The qPCR protocol was step 1 (95°C 10 minutes); step 2 (95°C for 15
seconds and 60°C for 30 seconds) x40 times and a final step (72°C for 30 seconds). Data were
analysed and copy number of the samples extrapolated from the standard curve.

On the other hand, a functional viral titer (TU/mL) was obtained by transduction of serial
dilutions of viral particles (25 uL) in cells (HEK293FT and GH4C1) seeded in 24-well plates and



counting the number of positive colonies (expressing EGFP) x dilution factor x40 (to achieve 1 mL).
This gave us the MOls of each retrovirus.

Finally, viral particles were evaluated by transduction of wtAIP-MIGR1, V49M-AIP-MIGR1
and R304Q-AIP-MIGR1 in GH4C1 and rat pituitary primary cell cultures (without serum and
antibiotics) using 5 MOI of retroviral particles and 8.9 pg/mL Polybrene for 6 hours after which
complete medium with serum and antibiotics were added and incubated for 48 hours. For this,
50.000 GH4C1 cells/well or one dispersed pituitary/well were seeded in a 24-well plate for 48 hours
before transduction. This was followed by RET transfection with Turbofect. After deprivation,
apoptosis was evaluated at 48 hours and lysates were tested for expression of RET, Pit-1, p53,
GFP, AIP and myc-tag by western blot.

In vivo rat model to functionally evaluate missense AIP variants in pituitary

Procedures were carried out under the Procedures Act n°® 15003/14/005 PI_Prof. Clara
Alvarez Villamarin granted by Galicia Regional Government. Experiments were approved by the
Bioethical Committee of the University of Santiago de Compostela following the current regulations:
2007/526/CE, De296/2008, Directive 2010/53/EU, RD 53/2013 and ECC/566/2015.

The experiment compared injection of seven retrovirus: MIGR1 (control), wtAlP, and five of
our pathogenic AIP variants (R16H, V49M, C238Y, R304Q and R325Q). Each animal was
considered an experimental unit being followed from injection after birth till week 16. Sample size
was based on total length (cm) since it was a known physiological parameter for adult rats with a
median of 47cm and a SD of 5 cm for males. Expecting an increase in length >7%, with an alpha p
value of <0.05 and 90% power the minimal sample size of animals per condition was n=15 (Prof.
Weyne Lamorte Calculator, Harvard).

Retrovirus infect actively proliferating cells 3”. We had experience with stereotaxic injection of
retrovirus in a model of induced hyperplasia in adult rat pituitary 2°. However, this model had
problems on its own derived from the absence of mouse/rat stereotaxic maps including the pituitary,
the need to wait until adulthood not being able to inject during the infancy and pubertal growth, and
the possibility to damage key hypothalamic nuclei regulating the adenohypophysis, such as the
arcuate or periventricular nuclei containing hypothalamic regulatory factors GHRH and
Somatostatin. A physiological model for proliferation in the adenohypophysis is just after birth,
where either stem cells, progenitors or differentiated cells are actively proliferating 38 39,

The usual surgical pathway for rodent hypophysectomy is through the ear, with a needle
inserted at 45° following the ear canal #°. In a newborn rodent at P1, the pituitary is located in very
close proximity to the external ear separated only by a thin tissue layer. We tested our system in P1
rat pups injecting a small volume of saline with ink. These animals were alive and healthy at long
term, with the ink localized at the pituitary after the injection.

Female Sprague Dawley rats at terminus were stabulated under normal conditions (12h light
/ 12h dark) at 22 £ 2 ° C with food and water ad libitum. We used the minimal number of female rats
to achieve a minimal sample size of 10 individuals per gender per construct retrovirus. 100 yL of 108
TU of a retrovirus (7 different retroviruses: empty vector (MIGR1) and 6 AIP retroviruses: myc-
wtAIP-MIGR1, myc-R16HAIP-MIGR1, myc-V49MAIP-MIGR1, myc-C238YAIP-MIGR1, myc-
R304QAIP-MIGR1, myc-R325QAIP-MIGR1) were mixed with 108 M of Ghrelin (stock 106 M,
G8903), 25 ng/mL of GDNF (stock 10 yg/mL. PF039, Calbiochem) and 107 M of GHRH (stock 108
M, G6771). The P1 pup was anesthetized by hypothermia for 5 minutes. Using a Hamilton syringe
of 10 uL with parrot-beak tip (701N 1011869, Hamilton) at 90° and 6 mm of depth, 6 uL of the
mixture were injected into the pituitary gland through the right ear canal. After 30 seconds, the



needle was gently removed. It is important that no blood was observed after removing the needle.
Quickly, the pup was placed on a warm blanket to recover body temperature and returned with their
progenitor until after weaning. Litters were adjusted to a similar number per mother rat
(approximately 10 pupsl/litter). At day 20, rats were identified with a code and divided according to
their sex. Animals from different litters injected with different retrovirus were randomized and
stabulated under 12-hour light and dark cycles, 22 + 2°C and with water and food ad libitum. Rat
number was adjusted to 6-8 per cage.

Body weight was measured once per week in a balance (Dune DCT2000, Adam
Equipment). The experiment end at week 16 (112 days), where different measurements, such as
the determination of body composition (Whole body Composition Analyzer; Echo MRI™) or
phenotypic measurements, and blood extraction were carried out before sacrificing the rats. Serum
was obtained from blood and {GF1 measured with ELISA Free Rat/Mouse IGF-1 (AL-136,
Anshlabs).

Phenotypic measurements were selected from the literature as bona fide parameters altered
by GH/ IGF-1 excess in rodents such as increase in body weight 4!, in craniofacial size 4 or in
femur, tibia or tail length 4344, In addition, human patients with excess GH present growth of soft
tissues including cartilage and thus have bigger nose, ears, as well as the acral extremities (hands
and feet).

Physical measurements made in anaesthetized (ketamine/xylazine) rats were:

¢ length of the body, tail and total length: rats were held vertically by the upper incisors and
lengths measured on graph paper;

e abdominal perimeter: measured with tape;

¢ length of the tibia and femur: the sole of the foot is supported on a flat surface, allowing the
joint to bend and facilitating its measurement with a calliper;

¢ length of the hand, foot, ear and jaw, head length and width and upper and lower incisors
length: measured with a calliper.

Deeply anaesthetized rats were perfused only with 100-200 uL of 5% glucosaline solution to
remove blood from the tissues, and fresh organs dissected and weighed (pituitary, heart, liver,
muscle and all white body fat). Half of the pituitary glands were frozen to be lysated for protein
extracts and western blot (stored at -80°C), and the other half were fixed by immersion in 10%
neutral buffered formalin for 24 hours.

Some younger 1 to 4 weeks old rats were fully perfused with glucosaline and 10% of
formalin to perform colocalization by immunofluorescence (see below).

Adenohypophysis immunocytochemistry and Immunofluorescence. Area calculation.

Deeply anesthetized animals were perfused with 5% glucosaline and pituitaries immersed in
10% neutral buffered formalin. After 24 hours fixed rat pituitaries were incubated in 70% ethanol for
another 24 hours. Samples were further processed in alcohol gradients and xylol using the Leica
TP1020 Semi-Enclosed Benchtop Tissue Processor system and finally included in paraffin blocks.
To prevent technical biases, 3 um paraffin sections from three pituitaries of wtAIP injected rats were



mounted together with another three from R304Q and three from C238Y (in total 9 sections per
slide) (and sometimes another MIGR1 section for negative control). In this way, all sections received
the same antibody and rinses during the immunohistochemistry. Reticulin staining was performed
with commercial solution (Dako) followed by Fast Red counterstaining.

For immunohistochemistry (IHC) antigen retrieval was performed in a PT Link (Dako) with
High/Low pH buffer (Dako). Reactives and secondary antibody from EnVision (Dako) system were
used. Quantification was performed using Fiji-lmage J 1.51.

For immunofluorescence retrieval was performed in the PT Link with High pH buffer. Triple
immunofluorescences were performed using primary and secondary antibodies in PBS and
mounted with Fluoro-Gel (17985-10, Electron microscopy Sciences) including 2mg/mL of DAPI
(D9542, Sigma). Colocalization was studied with a Leica TC SP5-AOBS confocal microscope
equipped with a white laser (470-670nm) using a 63X oil objective (NA=1.5) and the LAS AF
software (Leica Application Suite Advanced Fluorescence).

Antibodies’ conditions and dilutions are in Supplementary Information.

To calculate the adenohypophysis area, 10 sections of each pituitary were photographed
with a 2x objective (Olympus) calibrated for a linear scale. To prevent bias due to orientation of the
paraffin block, 5 contiguous sections were added to other 5 sections discarding the 5 sections in the
middle. Adenohypophysis areas were calculated with Image J based on the scale given by the
microphotograph.

Whole pituitary clarification with X-Clarity. Light-sheet microscopy

7 days after injection in P1 rats were anesthetized with ketamine-xylazine and perfused with
glucosaline followed by 10% neutral formalin. The pituitary gland was dissected and post-fixed for
24 hours in 10% formalin.

Pituitary clearing was performed with X-CLARITY (Logos Biosystems) following
manufacturer instructions and its reagents (Hydrogel C13103, Polymerization Initiator C13104,
Electrophoretic Tissue Clearing Solution C13001, Mounting Solution C13101). Images were taken
using Light-Sheet Ultramicroscope Il (LaVision Bio Tech) in a configuration of an 2X objective
(Olympus MVPLAPOQ) with single-zoom optical path (Olympus MVX-10 Zoom) and with a CMOS
camera (Andor Neo NEOCM). Pituitary samples were recorded at 40% of laser power, 0.035
numerical aperture, 60 blade width and a maximum intensity of 50.000. Subsequent analysis of the
images was carried out with Imaris 9.2 software (Bitplane). Videos were made with and without
pituitary marked volume.

Pituitary-specific AIP knockout mouse model

Animal studies were performed following the NC3Rs’ ARRIVE guidelines. Procedures were
carried out under the Animal Licence Permission No PPL 70/7665, supported by QMUL’s Ethics
Committee. The two lines are derived from C57BL/6J (www.jax.org). Pituitaries (n=3 per group)
from 15-week-old pituitary-specific Aip-knockout mice AipFo/Flox:Hesx1¢¢* who develop GH-
secreting pituitary tumours or AipFlo/Flox; Hesx1+* littermates 45 46 were frozen after dissection or fixed
in formalin as above.

Immunohistochemistry of patients somatotrophinomas



Ethical approval of the study was obtained from Cambridgeshire 1 Research Ethics Committee,
Cambridge, UK (06/Q0104/133). Patients gave written informed consent. 3 um sections were
obtained from paraffin blocks. Antigen retrieval was performed in PTlink with High pH buffer (Dako),
followed by all steps and commercial solutions of the EnVision protocol (Dako). Primary antibody
incubations were overnight at 4°. Dilutions are indicated in Supp Information. Quantification was
performed by independent double observers in the whole set.

Data collection and statistical analysis

Sample size calculation was obtained the calculator of Prof. Weyne W LaMorte (Boston University,
https://sphweb.bumc.bu.edu/otlt/MPH-Modules/Excel/Excel6.html) using previous known data. For
in vitro experiments median and SD apoptosis data for RET transfection, GDNF survival and the
hypothesis of an apoptosis reduction of at least 35% with 95% power at p value 0.01 the minimal
number was 3 independent experiments. For in vivo experiments we based our calculations in our
previous weight curves or data from literature because initially the standard deviation of variables of
measured variables of rats during growth was unknown; again for a change of at least 35% with
90% power and p value 0.05 minimal sample size was 12 animals. We tried to adhere to this
number except for unforeseen events like unequal gender-distribution within injected litters.

In vitro experiments (microscopy counting, western blots, caspase and luciferase activity)
were performed at least in 3 independent experiments with 4 replicates for each condition in every
experiment. Data are represented as mediatSEM.

In vivo injections were performed in three independent groups of animals being the 6 AIP
variants and MIGR1 control represented in every group. The minimum sample size/gender for any
AIP variant was n=10. Data are represented in boxplots, where each box spans the interquartile
range Q1-Q3 (25%-75%), the line in each box represents the median and the whiskers represent
the maximum and the minimum value of each group data.

Statistical analysis was performed using GraphPad Prism 8.0.1 (San Diego, USA), SPSS
Statistics 20 (IBM, USA) and Corel Draw Graphic Suite 2017.

To compare between three or more groups, we performed One-way, Two-ways or Three-
ways ANOVA for samples with normal distribution (parametric test) or Kruskal-Wallis test for non-
normal distribution (non-parametric test). Dunnett’s (compare all the groups with one specific
group), Tukey’s or Holm-Sidak’s (compare all the groups between them) corrections test were
applied for One-way ANOVA, and Dunn’s or Holm-Sidak’s correction test (compare all the groups
between them) were applied for Kruskal-Wallis test. Sidak’s or Tukey’s correction test were applied
for Two-ways or Three-ways ANOVA.

Correlations between groups were assessed with Spearman’s Rho (rs) coefficient and with
Chi? test.

In all the analysis performed, the difference between groups had statistical significance when
the probability achieved p<0.05 (*p<0.05. **p<0.01 and ***p=<0.001).



Suppl. Methods Table1. Vectors, plasmids and siRNA

Vectors, plasmids and siRNA

Description

pcDNAS.1

pcDNAS3.1-myc-wtAIP

pcDNA3.1-myc-R16HAIP

pcDNA3.1-myc-V49MAIP

pcDNA3.1-myc-1257VAIP

pcDNAS.1-myc-C238YAIP

pcDNA3.1-myc-R271WAIP

pcDNA3.1-myc-R304QAIP

pcDNA3.1-myc-R304XAIP

pcDNA3.1-myc-R325QAIP

pcDNA3-RETSs

pcDNA3-RETL

pcDNAS-ICRETD707-1017

PKC delta WT

PKC delta DN

Empty vector. Size: 5248bp

Full length sequence of human AIP.
Tag: N-terminal Myc-tag.

Size: 6436 bp.

Short isoform of human RET

Long isoform of human RET

Intracellular fragment (707-1017) of
RET

Mouse PKC delta cloned in a
pHACE vector. Tag: HA.
Size: 7500 bp.
Mouse PKC delta with a kinase
inactive mutation (K376R) cloned in

a pHACE vector. Tag: HA.

Size: 7500 bp.

V790-20, Invitrogen

M. Korbonits

M.G.Borrello 47

M.G.Borrello 47

P. Mehlen 48

B. Weinstein (Addgene
plasmid # 16386) *°

B. Weinstein (Addgene
plasmid # 16389)*°



-378 sequence of the Pit1 promoter
cloned in a pGL3basic vector that
p-378 Pit1-luc expressed luciferase. A.Garcia %2

Size: 5196 bp.
B-Galactosidase expression
pSV-B-Galactosidase Ele E1081, Promega

Size: 6820 bp.

GFP expression plasmid.

pmaxGFP® Vector Kit VCA-1005, Lonza
Size: 3486 bp
pHelper virus Contains Gag and Pol genes. Canibano 2
. : Contains viral envelope genes. B. Weinberg (Addgene
PCMV-VSV-G Size: 6383 bp. plasmid # 8454)

IRES-EGFP retroviral vector.
MIGR1 W. Pear (Addgene

Size: 6441pb plasmid # 27490) '

myc-wtAIP-MIGR1
myc-R16HAIP-MIGR1

myc-V49MAIP MIGR1

Human wt-AlIP and AIP mutants

g g (obtained from pCDNA3.1-myc-AlP)
myc-1257VAIP-MIGRT cloned in MIGR1 (IRES-EGFP)
retroviral vector. Tag: N-terminal In house
myc-C238YAIP-MIGR1- Myc-tag.
Size: 7477 bp.

myc-R271WAIP-MIGR1

myc-R304QAIP-MIGR1

myc-R325QAIP-MIGR1

MISSIONBSIRIA Universal Negative Add 100 L of miliQ water. SIC001, Sigma



Rat AIP-MISSION®

Pre-designed siRNA-2 OD
(PDSIRNA2D)

+ siRNA1: SASI_Rn01_00111569

* siRNA2: SASI_Rn01_00111571

0.8 ug per transfection

Add 100 pL of miliQ water.
Concentration of use: combination
of 0.4 ug of each siRNA (Total=0.8

HMg).

PDSIRNA2D, Sigma



Suppl. Methods Table 2. Experimental conditions for matched transfections and protein

extractions

Transfection method

Protein extraction buffer: Figures

0.25 pg pcDNA3.1-myc-AlP

or 0.8 ug Aip siRNA or siRNA non
target

3.5 ug pcDNA3-RETs or pcDNA3-
RET. or 3 ng IC-RET or empty

vector (pcDNA3.1) or 0.5 pg PKCéwt
or PKC3DN

1 ng pcDNA3.1-myc-AlIP or 1 ug Aip
siRNA

0.50r 1 ug myc-AlIP-MIGR1
retroviral plasmids

3.5 ug pcDNA3-RETs

Amaxa

Turbofect

SDS-Lysis Buffer:

FIG1( B/C/D); FIG2 (A/B/C/E/F/G/J);
SUP2 (A/B/C); FIG3 (A/B); SUP3 (A/B);
FIG4 (D)

Lysis Buffer:

FIG3 (F); FIG5 (A)

Subcellular fractionation:

SUP4; FIG4 (A/B/C)

SDS-Lysis Buffer:

FIG2 (H/)

Lysis Buffer:
SUP6 (B)
Lysis Buffer (1 hour) and SDS-Lysis
Buffer (48 hours):

SUPS6 (C)



Suppl. Methods Table 3. Antibodies for Western blot

Primary antibodies

Reference

Epitope

Concentration

Solution

Incubation

Origin

XAP2 (35-2)

ARAS9 (35-2)

c-Myc (9E10)

Ret (C31B4)

Ret (C-3)

Ret (C19)

Ret (C20)

Ret (8D10C9)

Ret (HPA008356)

Caspase-3 (H277)

sc-59730, Sta
Cruz Biotech
(SCBT)

NB100-127,
Novus
Biologicals

sc-40, SCBT

3223, Cell
Signalling
Tech (CST)

sc-365943,
SCBT

sc-167, SCBT

sc-1290,
SCBT

sc-101422,
SCBT

HPAO008356,

Sigma

sc-7148,
SCBT

Full length

Total

408-439aa

(C-terminal)

1017-1063aa

31-330aa

(N-terminal)

C-terminal

(9aa isoform)

C-terminal (51aa
isoform)

896-1063aa

C-terminal

(9aa and 51aa
isoforms)

1-277aa

1:1000

(1:500)

1:1000

1:750

1:1000 + 0,1%
Tween20® (1:500)

1: 500

(1:250)

1:500

1:500

1:1500

WB:1:1000
IHQ: 1:100

1:1000

[-Block™ (*) 2hours (h) RT

[-Block™

I-Block™

I-Block™

|I-Block™

|I-Block™

|I-Block™

[-Block™

WB:|-Block™
IHQ:Envision

I-Block™

2h RT

2h RT

2h RT or o/n
4°C plus 1h
RT

o/n 4°C plus
1h RT

2h RT or o/n
4°C plus 1h
RT

2h RT or o/n
4°C plus 1h
RT

2h RT

2h RT or o/n
4°C plus 1h
RT (WB
or IHQ)

2h RT or o/n
4°C plus 1h
RT



Cleaved Caspase-3
(Asp175) (5AE)

Pit-1(X-7)

Pit-1 (D-7)

CDKN2A/

p19ARF

p19 ARF

(5-C3-1)

p14 ARF (C-18)

p53 (Ab-1)

p53 (A-1)

GDNF (D-20)

GFRA1 (C20)

PKC35 (C-17)

phospho-PKC&/0

(Ser 643/676)

9664, CST

sc-442, SCBT

5c-393943,
SCBT

ab80, Abcam

sSc-32748,
SCBT

sc-8613,
SCBT

OPO03,
Calbiochem

sc-393031,

SCBT

sc-328, SCBT

sc-6157,

SCBT

sc-213, SCBT

9376, CST

Residues near

Asp175

(N-terminal)

Full length

5-32aa

(N-terminal)

50-150aa

62-75aa

C-terminal

376-378aa

353-391aa

C-terminal

C-terminal

C-terminal

p-Ser 643/676

(C-terminal)

1: 500

1:1000

1:1000

(1:500)

1:500

1:500

1:500

1:500

1:500

1:500
IHQ:1:100

1:500

IHQ: 1:100

1:1000
(1:1000)
1:1000+0,1%
Tween20®

(1:500)

[-Block™

I-Block™

|-Block™

[-Block™

|-Block™

|-Block™

BSA (**)

[-Block™

I-Block™
IHQ:Envision

|-Block™
IHQ: Envision

[-Block™

I-Block™

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

2h RT or o/n
4°C plus 1h
RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1Th RT

2h RT or o/n
4°C plus 1h
RT(WB
or IHQ)

o/n 4°C plus
1h RT

2h RT

2h RT or o/n
4°C plus 1h
RT

m-lgGk

m-lgGk



phospho-
SAPK/JNK
(Thr183/Tyr185)

phospho-CREB
(Ser133)(1B6)

GH

GFP (EPR14104)

p-AKt (Serd73)

Akt

a-Tubulin

R-Actin (AC-74)

Cleaved PARP
(Asp214) (D64E10)

E-Cadherin (NCH-
38)

SUCLA-2

9251, CST

9196, CST

AFP11981,
NIHH

ab183734,
Abcam

9271S, CST

9272, CST

T5168, Sigma

A5316,
Sigma

5625,

CST

GA05961-2,
Agilent DAKO

ab97868,
Abcam

p-Thr183 /Tyr185
de p46 y p54

p-Ser133

Full length

Full length

Synthetic phosphopeptide
corresponding to residues
surrounding Ser473 of
mouse Akt. Detects
endogenous levels of Akt1
only when phosphorylated
at Ser473. This antibody
also recognizes Akt2 and
Akt3 when phosphorylated
at the corresponding
residues. It does not
recognize Akt
phosphorylated at other
sites, nor does it recognize
phosphorylated forms of
related kinases such as
PKC or p70 S6 kinase.

Akt1/2/3

C-terminal

Full length

Residues near
Asp214

Full length

138-386aa

1:750+0,1%
Tween20®

(1:500)

1:500+0,1%
Tween20®

1:1000

1:1000

(1:500)

1:1000

1:1000

1:2500

1:1000

(1:500)

1:1000

1:500

BSA

I-Block™

|-Block™

I-Block™

|-Block

I-Block™

|-Block™

I-Block™

BSA

I-Block™

|-Block™

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

1h RT

1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT

o/n 4°C plus
1h RT



8h 4°C and

BiP 3183, CST Full length 1:000 |-Block™ e R
0
GM130 2206R, CST Full length 1:1000 HBlock™ O &G plus R
Ab2900, . _ o/n 4°C plus
EEA1 Abcam C-terminal 1:500 I-Block™ 1hRT R
0,
Histone H3 9715, CST Full length 1:1000 I-Block™ ”14h %"”S R

Polyclonal Goat Anti-Rabbit IgG-

HRP A0545, Sigma 1:10000 I-Block™ 1hour RT

Polyclonal Rabbit Anti-Mouse P0260, Dako 1:5000 I-Block™ 1hour RT
Inmunoglobulins-HRP

Mouse-lgGk BP-HRP sc-516102, SCBT 1:500 I-Block™ 1hour RT

Donkey anti-Goat IgG-HRP sc-2020, SCBT 1:5000 [-Block™ 1hour RT

M=mouse/R=rabbit/G=goat/D=donkey. (*) 2 g/L I-Block™ (T2015, Thermo Fisher Scientific) in 1X
TBS. (**) 5% BSA (A7906, Sigma) in 1X TBS



Suppl. Methods Table 4. Primers for qRT-PCR

Hybridization

Sequence Amplicon

temperature

Fw: 5-CTTCGTGCCAGAAATGCTGAA-3

Tbp Rv: 5-CAGTTGTTCGTGGCTCTCTTATTCTC-3 79bp 60°C

Pb: 5-AATCCCAAGCGGTTTGCTGCAGTCA-3’

Fw: 5-GGAGAGTTGCCGGAATTTCA-3

Rv: 5-CCCTCCGGGTCACTATGCA-3’

Aip 74bp 60°C

Pb: 5-ATGGCACTAAGGCCACCTTCCAC

TTCC-3’

Fw: 5-GGCTGTCCCGAGATGTTTATGA-3

Ret Rv: 5-ACTCGATTGCCATCCATTTGAC-3’ 84bp 60°C

Pb:5-TGTGAAGAAAAGCAAGGGCCGGATTC-3

RET

. . .
human Hs01120030_m1, Applied Biosystems 83bp 60°C

Fw: 5-CCCGAAGATTATCCTGACCA-3’
Gdnf 242bp 60°C
Rv: 5-TAGCCCAAACCCAAGTCAGT-3’
Fw: 5-GGCGGCACCATGTTCCTA-3
Gfra1 Rv: 5-CACTGATCACTGGCTTTCACACA-3’ 116bp 60°C

Pb: 5-CCTGGATTTGCTGATGTCGGCCG-3’

Gh Fw: 5-TGGCTGCTGACACCTACAAAGAG-3’ 78bp 60°C



Rv: 5-CCTGGGCATTCTGAATGGAA-3’
Pb: 5-TCGAGCGTGCCTACATTCCCGAGG-3’
Fw: 5-CACAAGGCGGCTTACACACA-3’
Rv: 5-AATTCCAAACAGCGGGATAAGG-3
Ghrhr 80bp 60°C

Pb: 5-TCAGTACTGGCGGCTTTCCAAATC

AACACT-3’
Fw: 5-CCCTAGCTACTCCTGAAGACAAGGA-3
Rv: 5-GAGTGCACCAAACTGAGGATCA-3’
Pri 85bp 60°C

Pb: 5-AAGCCCAGAAAGTCCCTCCGGAA

GTTC-3

Sf1 Rn00584298 m1, Applied Biosystems: 65bp 60°C

Fw: 5-CGTCCTCAGAGAGCTGCCTTT

Pomc Rv: 5-TGTAGCAGAATCTCGGCATCTTC 98bp 60°C

Pb: 5-CGCGACAGAGCCTCAGCCACC

Fw: 5-GATAGCCAACTGCACAGGACATAG

Fshp 68bp 60°C

Rv: 5-ATGCAAAGCTGGATCGACTTC

Fw: 5-GCCTTTGGGAGGAACCAGTATC

Prop1 Rv: 5-TGGAGTAGTGACCGCTCTTGCT 140bp 60°C

Pb: 5-TCAGCGAAGCCAGAATCCAGGTCT

Tshp Fw: 5-TCTGCGCTGGGTATTGTATGAC-3’ 79bp 60°C



Sstr2

Sstr5

Pit-1

p19Arf
(Cdkn2a)

Rv: 5-CAGACATCCTGAGAGAGTGCGTAC-3’

Pb: 5-CGGGATATCAATGGCAAACTGTTTC

TTCCC-3’

FW:5-TGGAAAAGCAAGATGTCACG-3’

RV: 5-CGTTGAGGTCAAAGGGAGAA-3’

FW:5- CTGTCCTGCACAGAGACACG-3’

RV: 5-GCCCACCAGTGACCAGTTA-3

Fw: 5-GCCTCTGAGAATGCACCACAAT-3

Rv: 5-GGTGGATGGCTGGTTTCCA-3

Pb: 5-CCACCAACGTGATGTCCACAGCGA-3’

Fw: 5-CAGGCATAACTTCTGCTCAAGCA-3’

Rv: 5-AAAGGAGGGCTGAGGCCTAA-3

Pb: 5-CCAGGTGCCTAGGACT-3

168bp

136bp

130bp

91bp

60°C

60°C

60°C

60°C



Suppl. Methods Table 5. Antibodies for PLA Duolink

Conditions

1st Antibodies

Concentration

Antibody
diluent

(final volume)

c-Myc (9E10) 1:400
PLA a-mouse-mycAlP+a-rabbit-RET 50 pL
RET (C19) 1:200
" c-Myc (9E10) 1:400
%_ PLA a-mouse-mycAlP+a-rabbit-Caspase-
S 3 50 uL
s Caspase-3
(7)) .
(H277) 1:300
c-Myc (9E10) 1:400
PLA a-mouse-mycAlP+a-rabbit-PKCo 50 pL
PKC? (C-17) 1:400
c-Myc (9E10) 1:400
PLA a-mouse mycAlP+a-rabbit-GFP 50 uL
GFP .
(EPR14104) 1:1000
0
<]
S c-Myc (9E10) 1:400
g PLA a-mouse-mycAlIP 50 uL
3]
P4
PLA without primary antibodies 50 uL




Suppl. Methods Table 6. Conditions for tissue IHQ and IF

Immunohistochemistry

PT Link

Retrieval

Antibody

Concentration

Incubation

Reference

Dako pH . . o ab183734,
o GFP Rabbit 1:4000 ON 4°C s
. 30 minutes sc-101422,
TE Ret(8D10C9)  Mouse 1:100 i aonr
phospho-
Dalf‘gpr PKC5/0 Rabbit 1:100 ON 4°C 9376, CST
(Ser643/676)
g Cleaved
£ CB Caspase-3 Rabbit 1:200 ON 4°C 9664, CST
= (Asp175) (5AE)
Dako pH RET . _ . HPA008356,
High (HPA008356) ~ Hapbit 1:100 ON 4°C Sigma
Dako pH . o sc-271546,
el GFRA1(C-20)  Mouse 1:100 ON 4°C s
sc-328,
DakoPH  GDNF(D-20)  Rabbit 1:100 ON 4°C
9 SCBT
5 EnVision®+
S nVision . L
S Dual Link Readytouse S0 "gqmes EB\QES”’
3 System-HRP
on

Immunofluorescence

Primary

PT Link

Retrieval

TE ‘ GFP Chicken

Antibody

Origin

Concentration

Incubation

1:600 ‘ ON 4°C

Reference

1020, Aves labs




Secondary

TE

TE

TE

GFP

Pit1 (D7)

Gh

Anti-Mouse IgG
Alexa Fluor 647

Anti-Chicken
IgG Alexa Fluor
488

Anti-Rabbit IgG
Cy3

Rabbit

Mouse

Rabbit

Donkey

Donkey

Donkey

1:1000

1:300

1:1000

1:1000

1:1000

1:1000

ON 4°C

ON 4°C

ON 4°C

Thour RT

1hour RT

Thour RT

ab183734,
Abcam

s$c393943,
SCBT

AFPC11981A,
NIDDK

714-606-151
Jackson |.

703-546-155,
Jackson |.

711-166-152,
Jackson |.
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