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Conocimiento de la fisiopatología de 
la enfermedad!

Conocimiento de la fisiopatología de 
la enfermedad!

Descubriendo genes:

*Diagnóstico Molecular 

*Predicción del curso de una 
patología

*Selección de tratamiento

*Identificación de nuevas drogas

*Asesoramiento familiar

1 bp mutation
3,000,000,000 bp genome



small molecule Molecular Inversion Probe Sequencing

Exon specific ligation arm Exon specific extension arm

Single Molecule Tag

PCR Primer Site RV

PCR Primer Site FW

1) Hybridization of the smMIP to the target exon, 
gap-filling and ligation. 

Approach: smMIPS



2) Removal of all non-circular DNA 
(non ligated smMIP molecules and 

template DNA)

Exonuclease 

3) Amplification,
with tailed primers to include sample 

specific barcode and Illumina tags in final 
product.

Pool samples from up to 200 
people for 1 sequencing run

Final, sequencing-ready product, 
including sample specific barcode and 
unique single molecule tag



Ventajas del uso de paneles basados en 
smMIPS



Ventajas del uso de paneles basados en 
smMIPS





Workflow illustrating the design of 
Molecular Inversion Probes and laboratory 

procedures

QC: 
concentration, 
purity
50 ng/ul



Aplicación a una patología en 
concreto

Anomalias hipofisarias congénitas



Anomalías del desarrollo de la hipófisis

Nat. Rev. Endocrinol. 7, 727–737 (2011)

Holoprosencefalia (HPE):

Displasia Septo-óptica (SOD):

  Def. comb. de hormonas hipofisarias CPHD): 

Hipogonadismo hipogonadotrófico:

Def. aislada de GH (IGHD):

HESX1

GLI2
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Severo
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HESX1
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GLI2

GLI2 SOX3

SOX3
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~1:4,000
Nacimientos 

vivos



Congenital
1/4000 births

Isolated GH Deficiency (IGHD): GH, GHR

Combined Pituitary Hormone Deficiency (CPHD)  

transcription factor defects

Acquired

craniopharyngioma (childhood)

pituitary adenomas

head trauma

radiation therapy (head)

autoimmune inflammation – hypophysitis

       infarction – Sheehan syndrome, pituitary apoplexy

Deficiencia hipofisaria o hipopituitarismo



Genes asociados a hipopituitarismo

Worldwide mutation frequency Secuenciación
De Exomas

de Rienzo et al., Clin Endo, 83:849-60, 2015.
Fang et al., Endocrine Reviews 37:636-675, 2016.



Panel de genes 

104 Genes, 12k sondas

Genes en los cuales mutaciones fueron identificadas en pacientes con 
deficiencias de hormonas hipofisarias y enfermedades relacionadas

AIP, ARNT2, BMP4, DUOX2, EIF2B5, ELP4, FGF8, FGFR1, FOXA2, GH1, GHR, GHRH, GHRHR, GHSR, GLI2, 
GNRHR, GPR161, HESX1, HHIP, HMGA2, IGSF1, IRS4, KAL1, LHX3, LHX4, Nkx2-1, NR0B1, OTX2, PAX6, PITX2, 
POU1F1, PROP1, PROKR2, SEMA3A, SLC15A4, SOX2, STAT5b, SOX3, TBX19/, TPIT, WDR11, ZSWIM6

Genes candidatos, basados en experimentos en modelos animales

ARX, ACVRL1, BMP2, BMP7, CDH1, CDH2, CDKN1B, DIO2, DMXL2, FGF10, GLI3, HNF1A, HNRNPU, INSM1, 
ISL1, NKX2-6, NOG, NRP2, OTX1, RAX, SDHA, SHH, SIX3, SMOC2, TCF7L1, TGIF1, WNT4, WNT5A, ZEB2

Genes recientemente reportados en pacientes con deficiencia hipofisaria

ACP5, AKT3, B3GAT3, BTK, CDK6, CDON, CUL7, EIF2S3, IARS2, IFT172, IGFALS, KIAA0753, NFKB2, OBSL1, 
PNPLA6, POLR3A, PROK2, RBM28, RNPC3, ROBO1, TCF7L2, TMEM67, XYLT1

Proteínas interactuantes con PROP1 (resultados preliminares de nuestro 
laboratorio)

CTNNB1, GABPA, GTF2I, NFIB, PBX1, SMARCA5, STAT3, THAP11, ZBTB20



Pacientes incorporados al estudio

Muestras
     Casos
           Esporádicos
           Familiares
Edad Diagnóstico
Género
     Masculino
     Femenino
Diagnóstico principal
     IGHD
     CPHD
Otros
     Displasia Septo óptica
     Holoprosencefalia
Deficiencia Hormonal
     GH
     ACTH
     TSH
     Gonadotropinas (LH, FSH)
     PRL

180
95
93
2
8,9 +- 8,9 años

58 (61%)
37 (39%)

26 (27%)
65 (68%)

8
2

76 (80%)
46 (48%)
55 (58%)
12 (13%)
2 (2%)

Resonancia magnética
     Adenohipófisis
          Hipoplasia
          Ausencia
          Normal
     Neurohipofisis
          Ectópica
          Ausencia
          Normal
     Tallo
          Ausencia
          Delgado
          Interrumpido
          Normal
          Doble
Urogenital
     Micropene
     Criptorquidismo
     Hipogonadismo
     Retraso puberal
     Pubertad precoz

60
3
7

42
7
14

24
11
5
18
1

6
6
3
2
1

+ 170 pacientes secuenciados con un panel de 67 genes



Adopted from Stefan CP,et al. Scientific Reports. 
2016;6:25904. 

Raw Reads

Alignment against 
Human Reference 

Genome (BWA)

Trim arms and de-
duplexing

Realign reads 
(GATK)

Variant Calling (GATK)

SNV Indels

Variant Annotation
Hotspots, ExAC

1K genomes, ClinVar, 
dbSNP

Variant Filtering

Coverage, Quality, Variant 
Frequency, Impact

Candidate 
Variant List



 
99.54% SNP/indel variant sensitivity, overall 
genotype concordance of >99.6%

Panel: Sequencing 
Results
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Como reducimos el numero de variantes?



Evaluation of Candidate Variant List

1. Appropriate population controls: Gnomad

 Exac

 1000G
 Private database Argentina

variants 
extremely rare or not 
observed MAF <0.1%

2. Software predictions of pathogenicity:

3. Segregation in the family

4. Observation in unrelated, affected individuals

 SIFT
 PolyPhen
 CADD
 Mutation Tester



Clasificación de variantes



205 variantes en 
149 probandos 
individuales



Que datos nos importan de una variante?

Posición en 
el 
cromosoma

Cambio en 
el ADN y 
en la 
proteina

Clasificación 
segun ACMG

Efecto 
Molecular

Esta en la 
población 
sana?



Una vez hallada la/s variante/s candidata/s

¿Como llevamos a cabo la interpretación biológica y clínica? 

Busqueda en Bases de Datos



Informacion 
propia del gen o 
patologia

1
OMIM   UniProt   ENSEMBL 

…….

Predicciones de 
patogenecidad y 
conservación

3

CADD MutationTaster 
Polyphen…

Informacion ya 
documentada de 
la variante

2

CLINVAR dbSNP 
gnomAD

Base de datos4
UK BioBAnk Genbass

Que bases de datos se pueden consultar?



Caso Clinico 1

Panel 



Deficiencia de Hormona de Crecimiento en un 
caso familiar 

AGCGG
TCACC

AG (C, T) GG 
TC (G, A) CC

Unaffecte
d

Affected

GH1 c.626G>A (p.Arg183His)

Sanger sequence validation of 
normal and heterozygous mutant GH

Each line is an 
individual sequence 
read.
11 are T and 9 are 
C, as expected for a 
heterozygote

Mol Genet Genomic Med. 2018 Jul; 6(4): 514–525.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081231/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081231/


All cases present normal RMN
Rest of hormone levels are normal

Información clínica de la 
familia

Normal Range: GH peak value >10



Deladoey  et al., JCEM, 86:3941-3947, 2001

GH Arg183His affects secretion of normal 
GH

Assay uses tagged proteins in AtT-20 (corticotrope-like) cells

Individual with this mutation does have releasable GH stores, but release is severely impaired. 

Secretory granules containing R183H-GH are not as effectively exocytosed as those containing wild-type GH

His18 and His21 residues bind Zn and facilitate GH dimerization

Extra His may impair dimerization or affect conformation



We solved a familial case. We found a dominant 
mutation GH1, p.R183H, in a three-generation 

pedigree with IGHD. 

Curvas de crecimiento



Caso Clinico 2

Familiar. Panel y WES



POU1F1 c.150T>G 
/+
Age: 3 years
Height: 78 cm (-
4.15 SDS)

POU1F1 
c.150T>G/+

Height: 148 cm (-3.59 
SDS)

POU1F1 +/+
Height: 154 cm (-1.09 
SDS)

• The patient and his father presented 
IGHD. Normal MRI.

• WES for the family revealed a 
synonymous heterozygous variant 
(c.150T>G, p.S50S) in POU1F1

Genetic variation causes POU1F1  isoform switching and 
pituitary hormone deficiency

MIPs panel sequencingFamilial

AJHG 2021 Aug 5;108(8):1526-1539. doi: 10.1016/j.ajhg.2021.06.013.  



Alternatively spliced isoforms of  POU1F1    
exon 2

Alternative splicing: POU1F1 β
Repressive isoform

Canonical splicing: POU1F1 α
Active isoform

Department of Human Genetic
University of Michigan 

Sally Camper - Jacob Kitzman 
The four POU1F1 beta variants and WT beta repressed POU1F1 
alpha activity to a similar degree

But…..these novel patient variants 
could be impacting splicing and thus 
increasing inclusion of the normally 
lowly expressed BETA isoform????

AJHG 2021 Aug 5;108(8):1526-1539. doi: 10.1016/j.ajhg.2021.06.013.  



Patient missense variants disrupt normal POU1F1 splicing to 
favor the beta isoform 

Almost no WT expression of BETA but high 
BETA usage for the four missense patient 
variants.

low throughput mini gene assay



Para llevarnos a casa:

 Paneles basados en smMIPS son eficientes y economicos (#muestras 
# genes). Se los puede actualizar facilmente

 Las estrategias de secuenciaion dependen qué busco, qué tengo. Se 
complementan

 Equipo multidisciplinario de trabajo



Gracias!
Thank you!

Laboratorio de Genética 
Molecular en Endocrinología 
(iB3) 

• Sebastián Vishnopolska
• Maru Camilletti 
• Julián Martínez Mayer 
• Augusto Chaves Murriello  
• Lucia Iglesias Garcia
• Gonzalo Chirino Felker

Hospital de Pediatría "Prof. Dr. J. P. Garrahan" - 
Servicio de Endocrinología
Alicia Belgorosky - Marta Ciaccio - Isabel Di Palma - R Mariño 
– P Ramírez - N Pérez Garrido 

Hospital de Niños R. Gutiérrez - CEDIE
Ignacio Bergadá - Débora Braslavsky - Ana Keselman

Laboratorio de Biofísica 
Química de Proteínas 
IQUIBICEN – FCEN – UBA

• Marcelo Martí 

Hospital Nacional Profesor Alejandro Posadas, 
Servicio de Endocrinología Pediátrica
Forclaz V -  Benzrihen G -  D'Amato S - Rojas G5

Hospital Militar Central, Servicio de Endocrinología 
Carolina Ballarino – Susana Mallea Gil

Hospital de Niños de la Santísima Trinidad  
Universidad Nacional de Córdoba
Mirta MIras

Hospital Italiano, Servicio de Endocrinología 
Pediátrica
Alonso Guillermo

Hospital General de Niños Pedro de Elizalde, Buenos 
Aires 
Figueroa Veronica 

Hospital Materno Infantil Dr Hector 
Quintana, Jujuy  
Arias Cau C

Hospital De Niños “Sor Maria Ludovica” - 
Endocrinologia infantil.
Analia Morin

Hospital Durand - Endocrinologia 
Mirtha Guitelman
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