
VIROLOGY 

Generation and validation of genetically 
engineered indicator cell lines for the 
detection of infectious HCMV particles 
and the search of antiviral compounds: 

an academic lab scale example 



Our main virus model: the Human Cytomegalovirus (HCMV)  



Diagnosis of HCMV infections 

    DNAemia 

Quali sono i test che permettono il
controllo della fase ematica dell’infezione

ViremiaViremia:: antigeni precocissimi/precoci di CMV evidenziati, antigeni precocissimi/precoci di CMV evidenziati, 

con immunofluorescenza utilizzando un anticorpo con immunofluorescenza utilizzando un anticorpo 

monoclonale specifico, in colture di monoclonale specifico, in colture di fibroblastifibroblasti

embrionali umani inoculate con leucociti polimorfoembrionali umani inoculate con leucociti polimorfo--

nucleatinucleati ..

AntigenemiaAntigenemia:: nuclei di leucociti nuclei di leucociti polimorfonucleatipolimorfonucleati

positivi per l’antigene pp65 di CMV ritrovati positivi per l’antigene pp65 di CMV ritrovati 

mediante mediante immunofluorescenzaimmunofluorescenza..

DNAemiaDNAemia: : rivelazione su gel d’rivelazione su gel d’agarosioagarosio

di amplificati di CMV.di amplificati di CMV.

RNAemia 
Antigenemia 

• Before validation of Real-time PCR DNAemia, the diagnostic gold  
standard of active infection was the infectious virus identification (viremia) 

Viremia 

Quali sono i test che permettono il
controllo della fase ematica dell’infezione

ViremiaViremia:: antigeni precocissimi/precoci di CMV evidenziati, antigeni precocissimi/precoci di CMV evidenziati, 

con immunofluorescenza utilizzando un anticorpo con immunofluorescenza utilizzando un anticorpo 

monoclonale specifico, in colture di monoclonale specifico, in colture di fibroblastifibroblasti

embrionali umani inoculate con leucociti polimorfoembrionali umani inoculate con leucociti polimorfo--

nucleatinucleati ..

AntigenemiaAntigenemia:: nuclei di leucociti nuclei di leucociti polimorfonucleatipolimorfonucleati

positivi per l’antigene pp65 di CMV ritrovati positivi per l’antigene pp65 di CMV ritrovati 

mediante mediante immunofluorescenzaimmunofluorescenza..

DNAemiaDNAemia: : rivelazione su gel d’rivelazione su gel d’agarosioagarosio

di amplificati di CMV.di amplificati di CMV.

•  Quantitative determination of infectious viral particles correlates with 
clinical diseases and prognosis 



Aims of the research project 

 
To generate and validate innovative indicator human cell 
lines suitable  for: 
 
 
 1)  Detection of infectious HCMV particles. 

2)  Selection of inhibitors of IE2-dependent activities 

 



Phase: Immediate-Early (IE)       Early (E)                Late (L) 

HCMV gene expression 

  IE genes                 E genes               L genes 

         IE1 - IE2                     E proteins          L proteins  

Expression of E and 
 L genes 

Autoregulation 
  

Viral DNA 
replication 

Virion assembly, 
 maturation and egress 

     


         Dysregulation of cell functions 
•  gene expression     
•  apoptosis   

•  cell cycle progression 
•  immune responses 
 
 



 Structure of HCMV UL54 and UL112/113 gene promoters:  
two prototypic IE2-activatable HCMV E genes 

DR-1 ATF CAAT TATA IR-1 

ATF-1 SP-1 
IE2 
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Genetically engineered cell lines to detect HCMV 
infectious viruses 

Viral promoter Reporter gene 

HCMV UL54, 
UL112/113 
 

Reporter mRNA 

Viral transactivator: IE2 
  
  

Reporter activity: 
enzyme production 

fluorescence 



 

•  the viral promoter 

•  the cell type 

•  the reporter gene 
 

Genetically engineered cell lines that facilitate 
Herpesvirus detection: critical issues?




Transfection into U373-MG 

G418 selection 

DNA extraction 
and PCR 

Cloning UL54 e UL112/113 gene promoters into pEGFP-1 plasmid  

  Functional characterization of selected clones 

  
 

Purified 
HCMV  AD169 

 UL54 gene promoter 
 UL112/113 gene promoter 

Recombinant selection, restriction mapping, sequencing and plasmids production  

Cell cloning for limiting dilution  

Generation of IE2-activatable indicator cell lines: outline of the experimental procedure 



1- 6  :   H20 
2      :   pUL54-EGFP 
3      :   UL54-2F7 
4- 9  :   DNA HCMV VR1814 
5- 10:   U373-MG 
7      :   pUL112/113-EGFP 
8      :   UL112/113-1B4 

1 2 3 4 5 6 7 8 9 10 M M 

primer UL54 primer UL112/113 
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Molecular characterization of U373-MG clones UL54-2F7 and 
UL112/113-1B4 stably transfected with reporter plasmids 



UL54-2F7 

UL112/113-1B4 

Mock 48 hp.i. 72 hp.i. 96 hp.i. 24 hp.i. 
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HCMV induces EGFP expression in UL54-2F7 and UL112/113-1B4 cells 



Preparation of total cell  
lysates at 48 h p.i. 

Analysis of EGFP content in a 
fluorescent microplate reader  

HCMV infection of 24- or 96-well plates 

Assay for quantitative EGFP expression by automated fluorometry 



Characteristics of UL54-2F7 and UL112/113-1B4 cells: HCMV infection 
induces EGFP expression in a time-dependent manner 



Characteristics of UL54-2F7 and UL112/113-1B4 cells: HCMV infection 
induces EGFP expression in a dose-dependent manner 



Characteristics of UL54-2F7 and UL112/113-1B4 cells: HCMV infection 
specifically stimulates EGFP signals 



Characteristics of UL54-2F7 and UL112/113-1B4 cells: sensitivity of the 
EGFP cell based assay and its optimization for the 96-well format 



Effect of anti-cytomegaloviral drugs on EGFP expression in UL54-2F7 
and UL112/113-1B4 cells 



UL54 2F7 
UL112/113 1B4 
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Validation of UL54-2F7 and UL112/113-1B4 cells as reliable tools for 
assessing the antiviral activity of a test compound 



HCMV IE2 stimulates EGFP expression in UL54-2F7 cells and this 
induction is prevented by fomivirsen 

mock pSG5 pSGIE1 

pSGIE86 pSGIE2 pSGIE2+fomivirsen 
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mock pSG5 pSGIE1 

pSGIE2 pSGIE2+fomivirsen  

HCMV IE2 stimulates EGFP expression in UL112/113-1B4 cells and this 
induction is prevented by fomivirsen 



Cells: U373_UL54-2F7 
Infection: AdVIE2 (MOI=20) 
Assay: 72 hp.i. 
Treatment: 2 h.p.i 

Adenoviral-mediated IE2 expression 
induces EGFP in UL54-2F7 cells 
and this induction is prevented by 

fomivirsen 



1)  UL54-2F7 and UL112/113-1B4 indicator cells warrant quantitative detection of 
infection within 48 h p.i. compared to 7 d by conventional plaque assay. 

2)  UL54-2F7 and UL112/113-1B4 indicator cell lines are specific for HCMV, both 
laboratory and low-passages clinical strains.  

3)  The sensitivity of  UL54-2F7 and UL112/113-1B4 cells for detecting antiviral 
activity (48  p.i.)  is comparable to that of the standard plaquereduction assay 
(PRA) (7 d). 

4)  UL54-2F7 and UL112/113-1B4 cells  could be used as cell-based assays for 
screening of molecules able to interfere with the activities of the essential IE2 
protein of HCMV. 

Conclusions:  
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