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Notch Pathway Inhibition Decreases Pituitary Tumor Growth and Increases Tumor Suppressor Gene Expression in GH3 
Xenografted Nude/Nude Mice. 
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Introduction 
Notch signaling pathway is involved in a wide group of processes including tumorigenesis and stem cell self-renovation. Nevertheless, its role in pituitary tumor generation has not been systematically addressed. Our principal goal was to evaluate if the 
pharmacological inhibition of Notch pathways alters somatolactotropic tumor growth, hormone secretion, and suppressor gene expression. 

2) DAPT treatment decreased Notch pathway components in GH3 xenografts 

Figure 1: . A) Tumor volumes in animals treated with DAPT were in average 42% smaller than in the control group (tumoral mass + SE: 490 + 80,7 and 284+ 67,5 
mm2, control and DAPT, n=12 y n=11 respectively). B-C) Moreover, the intratumoral prolactin and GH contents were significantly diminished, as were serum 
prolactin but not GH levels D-E) at the end of the treatment (n= 10-12). * P ≤ 0.05, DAPT vs. control 

1) DAPT decreased GH3 xenograft tumor volume and hormone secretion Methods 
In vivo: 700000 GH3 somatolactotropic cells were injected subcutaneously in the flank of Nude/Nude 
mice; after 21 days of growth the tumors were treated ip with DAPT, a gamma secretase inhibitor which 
interferes with Notch activation (8 mg/kg of body weight, every three days). After three weeks of 
treatment the tumors were extracted, measured and frozen for protein and gene expression. 
In vitro: 250000 GH3 rat somatolactotropic cells were cultured in adhesion in DMEM / F12 medium, 
supplemented by 10% fetal bovine serum, 1% glutamine and 1% penicillin / streptomycin, pH 7.3, and 
maintained at 37 °C and 5% CO2. After incubation in serum-free medium for 18–24 h  cells were treated 
with DAPT (1, 5 or 10 uM, R&D Systems, Minneapolis, MN, USA) or vehicle. Aliquots of supernatant were 
collected for GH and prolactin measurements at 24 and 48 hours. To analyze gene and protein expression  
cells were detached and dissociated using trypsin (0.05%) with EDTA (0.02%; Life Technologies); MTS and 
scratch assay were also performed in additional cultures. 

4) DAPT decreases GH3 cell proliferation, migration and hormone secretion 
 in vitro  

Figure 2: DAPT treatment decreased  Notch 2 intracellular domain and the target gene Hes-1. A) The N2ICD (Notch intracellular active domain) product of cleavage of the receptor was significantly 
diminished in treated compared to non treated tumors, as was the transcription factor Hes-1 (a downstream effector of Notch (Western Blot). B) By Realtime qPCR no differences were found in 
Notch2, or Notch ligands mRNA levels. C) Of the canonical target genes mRNA expression of Hey 2 was decreased by DAPT treatment. (n= 10-12). * P ≤ 0.05, DAPT vs. control 

Figure 3: DAPT treatment decreased Notch 2 intracellular domain and Hes 1 
protein, proliferation, migration and secretion in GH3 cells. A) Effect of 48 h 
treatment with DAPT (1, 5 and 10 uM) on Notch receptor (80, 100 kDa) 
measured by Western blot, and Hes-1 measured by real time qPCR. B) Effect 
of 24 and 48 h treatment with DAPT (1, 5 and 10 uM) on MTS assay. C) Effect 
of DAPT treatment on wound healing (scratch assay) measured as % open 
area. D) Effect of DAPT on GH and prolactin secretion. For all assays * P≤ 0.05 
vs. control group, N= 4 independent cultures, of duplicate samples.  

Conclusions:.  
 
Our results provide strong evidence of a key 
role of the Notch pathway in GH3 
somatolactotropic tumor proliferation in vitro 
and in vivo. DAPT inactivates  secretase and 
therefore prevents the liberation of active 
Notch receptors. DAPT treatment decreased 
tumor volume in GH· xenografts, hormone 
secretion and Notch 2 and Hes1 expression. 
Furthermore, we demonstrate that this action 
is at least in part mediated by Notch system 
within GH· cells, as inferred from in vitro 
assays. 
 
Furthermore, using epigenomics and 
transcriptomics analysis we detected serveral 
downstream targets of Notch, and revealed 
that two suprressors (Btg2 and Cnot1) were 
upregulated by DAPT treatment in vivo. 
 
Therefore targeting the Notch system, and 
specific downstream effectors may  emerge as 
possible additional therapies in resistant 
prolactinomas. 
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3) Combined epigenomic and transcriptomic analysis in search for putative Notch targets. 
Two suppressors were increased by DAPT treatment 

Figure 3: Finding putative Notch targets at the genomewide level: Epigenomics 
Combinations of histone modifications define active and inactive regions of the 
genome and Influence gene expression. In particular H3K4me1 + H3K27ac mark active 
regulatory regions of the genome (preferentially enriched in enhancers). We 
identified Notch targets using active regulatory regions (yellow and brown) in GC rat 
cells that overlap with Notch1 binding sites (grey boxes). As Notch1 ChIP-seq data was 
not available in GC cells we used Notch1 bound regions (T-ALL T-cell acute 
lymphoblastic leukemia) lifted over to the rat genome. Pit1 added additional 
information of tissue selective regulatory regions (blue curves). Five genes were 
selected using this bioinformatic approach 

Figure 3: B-C) Differentially expressed genes in tumoral vs 
normal Human pituitary: Transcriptomics. RNAseq analysis. 
Samples used: 6 control samples (normal human pituitary, 
datasets obtained upon authorization from the restricted access 
dbGAP database); 3 pituitary tumor samples (ACTH, ACTH-
silent, PRL-GH); Differentially expressed genes were defined 
according to tophat+cufflinks. In Table differences between 
Control and the PRL-GH adenoma are shown. In red, significant 
differences. Three of the 5 genes selected by epigenomic 
approach were downregulated in adenoma samples (Btg2, 
Nr4a1, Zfp36) 
 

Figure 3: DAPT treatment increased the 
tumor suppressors Btg2 and Cnot1. D) 
Comparative mRNA levels of Men1, Zfp36, 
Btg2, Cnot1 and Nr4a1 in GH3 cells, and in 
xenografts resulting from GH3 inoculation 
(GH3 Tumor) .* P= 0.020. N 3 and 3. E) 
Effect of DAPT treatment on mRNA levels of 
Notch targets in excised tumors at the end 
of the treatment. * P≤ 0.01, and # P = 0.06; 
N 7 and 8, control and DAPT respectively. 
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