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Abstract  # 2919 

Caloric restriction in Han Wistar rats leads to a decreased incidence of mammary
and pituitary tumours and an increase in uterine tumours (Roe et al 1995).
Previously we found (Plummer et al 2013) that lean female Han Wistar rats (>30%
body weight gain reduction cf. Controls) from a 2 year bioassay showed increased
expression of tyrosine hydroxylase (TH) in hypothalamic dopaminergic (DA) TIDA
neurons. We postulated that alterations to leptin signalling, due to reduced body
fat, could maintain dopaminergic inhibition of pituitary prolactin secretion and
prolong proestrogenic stimulation of the uterine epithelium. In the present study we
investigated the time-course of hypothalamic TH expression changes in control
animlals and used microarrays and immunostaining coupled with image analysis to
investigate signalling pathways postulated to be involved in proposed mechanism
of uterine carcinogenesis in the 2yr bioassay.
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Abstract # 1909

• Laser dissection targeted (LDT) microarray and pathways analysis showed a 
CAR-agonist ‘signature’ in liver.

• Up-regulation of TH and down-regulation of Leptin signalling in hypothalamus

• Up-regulation of ERα in uterus.
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Time- course of TH expression changes in hypothalmus
TH  RNA expression in hypothalamus (Fig 2)  declines with age in control animals  
(90d ,12m , 2 yr). Treatment with the test item  in 2 yr bioassay  (500ppm and 
3000ppm) maintained early life levels of TH expression.
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Fig 6:(A) ERαααα IHC staining in uterus; (B) Image analysis measurements of total 
ERαααα (DAB) stained area in uterus (µµµµM2) – increase was not significant p=0.15.
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Fig 1: Rationale behind the study and hypothesis 

Fig 3: Time-course of Hypothalamus TH RNA (ISH) expresssion in TIDA+ME 
region. Similar results were observed with TH protein (IHC) – not shown.
* Significantly different from 90 day control p<0.05 by Students T test. 

**  Significantly different from  2yr control p<0.01 by Students T test.

Conclusions

Methods

Microarray and Pathways Analysis
Laser dissection of FFPE tissue samples performed with Zeiss PALM Microbeam. 
RNA was extracted - Qiagen miRNeasy FFPE Kit. Agilent expression (mRNA) 
arrays. Differentially expressed genes identified using R Software. Unbiased and 
focused pathways analysis  was performed with Ingenuity Pathways Analysis 
software.

Fig 2: TH protein (IHC) and RNA (ISH) expression in  the Arcuate Nucleus (ARC) and the median 
eminence (ME) ; (A,B) TH IHC - control and treated (3000ppm); (C,D) TH ISH control and treated. 

Fig 7:  (A) Fluorescence IHC staining of leptin receptor (green) in the  
hypothalamus (B)  Image analysis  using intensity-based thresholding to quantify 
leptin positive area in the arcuate nucleus (ARC) and median eminence (ME) . 
(C) Leptin receptor expression does not  differ between control and treated 
(3000ppm) animals.Fig 4: (A) Laser dissection of hypothalamus FFPE sections; (B) IPA classical  

pathway Leptin receptor signalling showing STAT3 and PI3K down-regulated by 
the treatment (500ppm).
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TH  Immunostaining (IHC)
•Epitope retrieval in NCL pH6 buffer
•Primary anti-TH Ab (Abcam, Ab211) 
1:20,000. 
•Secondary Ab Goat anti rabbit  
peroxidase , 1:500.  
•DAB detection.

TH RNAscopeTM in situ hybridisation 
(ISH) staining
•Advanced Cellular Diagnostics method  
‘RNAscope® 2.0 FFPE Assay  Protocol
’
Image analysis
•Total DAB/FITC positive areas/pixels  
(µM2) per field calculated  - Image J 

software.
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Fig 5: (A) laser dissection of uterus FFPE section; (B) IPA classical  pathway 
Estrogen receptor signalling showing ER alpha (ESR1) up-regulated with  
treatment (500ppm, 3000ppm).
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• TH expression  declined with age (90d, 12m, 2yr) in control rats, and this was 
reversed in treated rats in the he  2 yr bioassay (500ppm and 3000ppm) 
suggesting delayed senescence of DA neurons in the hypothalamus.
•As DA (TIDA) neurons negatively regulate pituitary prolactin secretion, these 
findings are not inconsistent with the hypothesis that decreased prolactin secretion, 
results in prolonged estrus cycling,  and intermittent estrogenic stimulation of the 
uterus, which may  be associated with the observed uterine carcinogenesis .

•Leptin signalling was down-regulated in treated rats (microarrays). However,  
leptin receptor expression in the hypothalamus was not altered.
•Estrogen receptor expression  in the uterus was upregulated ( 2 fold) at the RNA  
(microarrays, p<0.01) and protein (IHC, not stat sig) levels.

•Retrospective analysis of FFPE tissues using laser dissection targeted microarray 
analysis and IHC/ISH /image analysis, are useful tools for  hypothesis generation 
and subsequent exploration of  a putative carcinogenic MoA .
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