VIROLOGY

Generation and validation of genetically
engineered indicator cell lines for the
detection of infectious HCMYV particles and
the search of antiviral compounds:
an academic lab scale example



Our main virus model: the Human Cytomegalovirus (HCMV)
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Diagnosis of HCMYV infections

Antigenemia
DNAemia RNAemia

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

Viremia

* 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



HCMYV gene expression

Phase: Immediate-Early (IE)  Early (E) Late (L)
IE genes E genes L genes
‘ IE1 - 1E2 ‘ E proteins L proteins
Expression of E and Viral DNA Virion assembly,
L genes replication = maturation and egress

Autoregulation

Dysregulation of cell functions
* gene expression « cell cycle progression
 apoptosis * Iimmune responses




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

| 54
ULS G - ~

DR-1] ATF |CAAT IR-1 TATA
-88 -80 -63 -45

UL112/113 . @ _

IE2 binding site hen TATA

-113 -85 -1 -66




Genetically engineered cell lines to detect HCMV
infectious viruses

l*' Viral transactivator: IE2

Viral promoter Reporter gene R 2l s Y s A 11131

HCMV UL54, l
UL112/113




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

e the viral promoter
e the cell type

e the reporter gene



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

DNA extraction I UL54 gene promoter
and PCR | | UL112/113 gene promoter

Cloning UL54 e UL112/113 gene promoters into pEGFP-1 plasmid
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13274 ] sva | \
HSVTK
pEGFP-1  piya| | .
l‘ J"""“ s ) I»_.l Al 10ss)

“\ oi /)
- P ~ Dralll nze)
Kan'/ SV40 ori
Neo  Fovn
.
Styl
U

s
v
Recombinant selection, restriction mapping, sequencing and plasmids production

Transfection into U373-MG
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Cell cloning for limiting dilution

Functional characterization of selected clones



Molecular characterization of U373-MG clones UL54-2F7
and UL112/113-1B4 stably transfected with reporter plasmids
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HCMYV induces EGFP expression in UL54-2F7 and UL112/113-
1B4 cells

Mock 24 hp.i. 48hp.i. 72hp.i. 96 hp.i.

ULS54-2F 75

UL112/113-1B4




Assay for quantitative EGFP expression by automated fluorometry

HCMYV infection of 24- or 96-well plates

NN

Preparation of total cell

lysates at 48 h p.i.
Analysis of EGFP contentin a
fluorescent microplate reader




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

% %k 3k
UL54 2F7 | |

-
==}
J

B uL112/113 1B4

-
n
[l

b

-
N
L

L=
1

Fluorescence Units x 104
[ %] [ (=]
1 [

o




Characteristics of UL54-2F7 and UL112/113-1B4 cells: HCMV
infection induces EGFP expression in a dose-dependent manner
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Characteristics of UL54-2F7 and UL112/113-1B4 cells:
HCMYV infection specifically stimulates EGFP signals
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Characteristics of UL54-2F7 and UL112/113-1B4 cells:
sensitivity of the EGFP cell based assay and its optimization for
the 96-well format
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Effects of anti-HCMYV drugs on EGFP expression in UL54-
2F7 and UL112/113-1B4 cells
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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
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The IE2 protein stimulates EGFP expression in UL54-2F7
cells and this induction is prevented by fomivirsen
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The IE2 protein stimulates EGFP expression in UL112/113-
1B4 cells and this induction is prevented by fomivirsen
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Adenoviral-mediated IE2
expression induces EGFP in
UL54-2F7 cells and this
Induction is prevented by
fomivirsen

AdV-IE2
Mock 12 24 48 hp.i.

IE2-86

cin |

mock AdVIE2

ISIS

10 uM

AdVIE2

Cells: U373 _UL54-2F7
Infection: AdVIE2 (MOI=20)
Assay: 72 hp.i.

Treatment: 2 h.p.i
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ORIGINAL ARTICLE

New cell-based indicator assays for the detection of human
cytomegalovirus infection and screening of inhibitors of
viral immediate-early 2 protein activity

A. Luganini', P. Caposio’, M. Mondini?, S. Landolfo' and G. Gribaudo'

1 Department of Public Health and Microbiology, University of Torino, Torino, Italy
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Conclusions:

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

2) UL54-2F7 and UL112/113-1B4 cells 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 plaque
reduction 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.
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The 6-Aminoquinolone WCS5 Inhibits Human Cytomegalovirus
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Drug Repurposing Approach Identifies Inhibitors of the
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Human Cytomegalovirus Replication
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Figure 1. Cell-Based Screening Data

Each circle represents the mean % of EGFP
expression for a given compound tested at 10 pM
in duplicate during the primary (A) and secondary
screen (B). Infected and DMSO-treated cells were
considered as exhibiting 100% of EGFP expres-
sion. The dashed line represents the arbitrary hit
cutoff (§0% of EGFP expression). In (B), among the
compounds with two replicates below 50% of the
EGFP expression threshold, active (green) com-
pounds were distinguished fom toxic fred) com-
pounds. Compounds with the means above 50%
were considered inactive (black).
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