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Antiviral regulation model (PRRSV, PEDV, SIV, DCoV, CSFV, ASFV)       

Obesity model (Had-36)      

     Metabolism                Immunity =  Two Facets of  

One task of animal  
health & nutrition 

Google images 

III. Integrative Strategy in Animal Health and Nutrition: 

Current Projects  

NIH: Rat obesity induced by high-fat-diet plus Had-36 
infection (NIH pilot: $50,000; and R15 pending) 

USDA: (1) Immunogenetics and immunoreagent 
development ($48,000, 2014-2018) (2) Macrophage-based 
antiviral regulation ($499,436, 2013-2017); (3) Molecular 

and functional diversity of interferons (USDA pending) 
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Our Macrophage Polarization and RNA-seq Procedure  
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DEGs Related to Transcription Factors that are Important 
for Macrophage Activation, and Proteomic Confirmation  
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DEGs in AMPK Pathway in Mediation of Lipid Metabolism 



Regulation of PRRSV infection via AMPK 

Pathway and Lipid Metabolism  
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DEGs Critical for Epigenetic Regulation  

http://www.eusem.com/main/CH/epi 

http://www.eusem.com/main/CH/epi
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Epigenetic Regulation 



Tissue macrophages 

Differential activation statuses PRRSV 

Epigenetic  regulation 

Lipid metabolism 

Interferon  responses… 

Deviation of  activation statuses 

Increase PRRSV permissiveness 

Routes for  
preventing 

Summary 

1. Porcine monocytic cells at different 
activation statuses, interact differentially 
with PRRSV  

2. Key genes in the pathways such as lipid 
metabolism, epigenetics  and interferon 
signaling are  revealed among significant 
DEGs. 

3. Signature genes revealed in PRRSV—
infected macrophages at each activation 
status infer the mechanism of PRRSV-cell 
interaction.    

4. Understanding and modulating cell 
activation status of monocytic innate 
immune cells provides a framework for 
optimizing antiviral immunity 



Objective and Approach 

Aims:  

1. Develop rat obesity model integratively induced by a high-fat diet and Had-36 infection  

2. Validate obesity phenotypes including body weight, fat index, plasma leptin level, and  

parameters associated with gut/adipose inflammation  

3. Extract ileal RNA from LF lean, Had-36+LF, HF and Had-36+HF obese groups  

4. Perform transcriptomic analyses using 8-wk ileal and hypothalamus samples 

5. Analyze gene ontology and pathway integration, and determine obesity-linked innate 

immune genes   

 

Tissue samples taken 

at 8, 15, 30 wks 

Body weight measured and 

blood samples taken weekly 

High-fat diet (HF)*  Control diet (LF)* 

Male Wistar Rats: 6-wk old [Serum negative to Ad., Body Weight (BW): 125   5g] 

Had-36 + HF 

Negative control: 12 Integrative induction: 24 Positive control-II: 24 

Had-36*+LF   

Positive control-I: 24 

(*human adenovirus 36 

LF: LabDiet 5001 Fat 5.0% 

HF: LabDiet 5SLA Fat 20.6%)  

de La Serre CB, et al., Am J Physiol Gastrointest Liver Physiol. 2010 Aug;299(2):G440-8. 



Results and Discussion 
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Results and Discussion 
Profiling of Significant Differential Expression Genes 
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Results and Discussion 
Pathway analysis and gene ontology (GO) analysis 

HF + Had-36 infected group 
compared with control group 

All 30, including 10 disease/immunity 
related (highlighted), pathways show 
little direct relation with lipid 
metabolic pathways but are highly 
relevant to intracellular and inter-
organism communication (p<0.05) 



1. Infection of Had-36 synergizes with the induction of obesity by high-fat 
diet in rats; however, Had-36 infection has little effect in obesity 
induction in rats fed the control diet.     

2. Either high-fat diet or Had-36 infection increases gut permeability and 
inflammation but has no synergistic effect (actually having antagonistic 
effect)  

3.  At 8-wk post treatment, rat ileal transcriptome shows significant 
down-regulation of multiple families of immune and metabolic genes 
in the HF and HF+Had-36 groups, as well as reprograming of circadian 
rhythm pathway. 

Chawla A, et al. Nat Rev Immunol. 2011, 11:738-49. 

Summary 
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Table 1:  Numbers of potential 
gene makers identified in each 
activation status. 

 Status 
DEG 

number 

(1) IFNg-M1 44 

(2) IFNa-MaV 72 

(3) Co-IFNg & IFNa 88 

(4) IL4-M2 234 

(5) LPS-M1 72 

(6) IL10-M2 9 

Total 519 

Profiling Signature Genes of Each   

Activation Status 



Background and Hypothesis 

Mucosal antimicrobials, 

and cytokines 

Gut viruses 

Gut bacteria 

Bacterial and lipid 

sensors, eg. TLR4 

High-fat diet 

Intestinal 

epithelial 

barrier  

Viral 

sensors 

IRFs 

IFN-a/b Cytokines 

Tight 

junction 

? 

Gut  low-grade chronic 

inflammation 

Adipose  low-grade 

chronic inflammation 
Obesity Peripheral 

circulation 

Mitra AK, Clarke K. Viral obesity: fact or fiction? Obes Rev. 2010 Apr;11(4):289-96.  
Dhurandhar NV. Insulin sparing action of adenovirus 36 and its E4orf1 protein. J Diabetes Complications. 2013 Mar-Apr;27(2):191-9. 

Hypothesis: Viral infection and high-fat diet can induce obesity independently, 
and in particular may contribute to prevalence of obesity synergistically. 



Results and Discussion 
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Vander Wal JS, Huelsing J, Dubuisson O, Dhurandhar NV. An observational study of the association between 
adenovirus 36 antibody status and weight loss among youth. Obes Facts. 2013;6(3):269-78. 



Results and Discussion 

Either high-fat diet or Had-36 infection increases gut permeability 
but has no synergistic effect (actually having antagonistic effect) . 
Thus, the development of obesity is associated but may not 
proportionally correlated with an increase in gut permeability.    
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Profiling of Significant Differential Expression Genes 
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Let Us Meet Again 

We welcome you all to our future conferences of 
OMICS International   
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http://transcriptomics.conferenceseries.com/ 
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