
Evaluation of a lepidopteran in vitro model of interactions between 
extracellular vesicles and viruses

Anton Bilsen1*, Simon Remans1, Stijn Van den Brande1, Dulce Santos1, Jozef Vanden Broeck1

Laboratory of Molecular Developmental Physiology and Signal Transduction, KU Leuven, Naamsestraat 59, B-3000 Leuven, Belgium
*anton.bilsen@kuleuven.be

Created with BioRender Poster Builder

INTRODUCTION

Typical cargo2,5:
● dsRNA (1) 

and small 
RNAs (2): 
components 
of RNA 
interference 
response 
(major 
antiviral 
defence in 
insects)

● proteins and 
peptides (3) 
(inc. 
immunity-
related and 
signalling 
proteins)

● DNA (4)

Proviral role: 
Viruses (or 
infectious viral 
components) may 
be secreted via  EVs 
and thus escape 
host immune 
responses.4

Antiviral role: EVs 
may compete with 
viruses for binding 
sites or act as 
"decoys" to which 
viruses bind 
instead of cells.3

Extracellular vesicles

Secreted 
by all 
known 
organisms 
and cell 
types1

Phospholipid bi-
layered 
membrane, 
aqueous lumen2

30 nm - 10 
µm in 
diameter2

1
2

3

4

and their potential link to antiviral immunity in insects and other animals

Live insects: 
lipoproteins 
contaminate EV preps

Cell cultures: no 
contaminating lipoproteins; 
more amenable to 
transfections, infections , 
and gene editing

Why an in vitro 
model?

Fig. 1: introduction to extracellular vesicles (EVs). Created with BioRender.com.

Aim 1: confirm successful isolation of EVs from a cell line 
(Sf9; from Spodoptera frugiperda [Noctuidae]) by 
comparing with EV preparations from cotton bollworm 
larvae (Helicoverpa armigera [Noctuidae]).

Aim 2: determine if EVs modulate  permissiveness 
of  Sf9 cells to infection by Autographa californica 
multiple nucleopolyhedrovirus (AcMNPV; a 
lepidopteran-specific baculovirus), and  if so, whether 
pre-infection of the EV-producing cells has any effect.

METHODS

Infect with either 
2 mL AcMNPV* 
supernatant or 2 
mL medium only 
(control) per flask

SEC

Purified EVs

Supernatant (EVs + 
other extracellular 
components)

Administer EVs or supernatant to 
"recipient" cells prior to AcMNPV 
infection

Collect cells 24 h 
post infection for 
qPCR detection of 
viral ie1 transcripts

*AcMNPV lacked 
the vp80 gene, 
thereby avoiding 
secondary virus 
production and 
thus co-isolation 
of virus particles 
and EVs.6

Density gradient 
ultracentrifugation 
(to remove  
lipoproteins - not 
present in Sf9 cell 
cultures)

Sf9 cell culture

Helicoverpa 
armigera larvae

Cell-free conditioned 
supernatant

Cell-free 
haemolymph 
("plasma")

Size exclusion 
chromatography 
(SEC)-based 
isolation of EVs

Characterization of 
EV preparations:
● Transmission 

electron 
microscopy

● Nanoparticle 
tracking 
analysis

● Western blot

Isolation of EVs 

Determination of 
EV effect on 
antiviral immune 
responses

Fig. 2: Isolation 
procedure for 
extracellular 
vesicles (top). 
Experimental 
procedure to 
determine if EVs 
from infected 
cells modulate 
immune 
responses of 
naïve cells 
(bottom). 
Created with 
BioRender.com.

RESULTS & DISCUSSION

Haemolymph Sf9 cells

100 nm 200 nm

Fig. 3: Transmission electron microscopy (TEM) images of EV-like structures from Helicoverpa armigera 
larval haemolymph (left) and Sf9 cell culture supernatant (right).TEM shows particles within the size 
range of EVs, some of which (especially in the Sf9-derived samples) show a cup shape (defining 
characteristic for EVs in TEM preparation2; white arrows). Created with BioRender.com.

Mean size: 218 +/- 8.9 nm
Mode: 115 +/- 23.9 nm

Mean size: 181 +/- 2.6 nm
Mode: 145 +/- 5.1 nm

Haemolymph Sf9 cells

Fig. 4: Nanoparticle tracking analysis (NTA)-based size distribution graphs of EV preparations 
from Helicoverpa armigera haemolymph (left) and Sf9 cell culture supernatant (right). NTA 
indicates typical EV size distribution (right-skewed , with peak at ca. 200 nm) for both Sf9- and H. 
armigera-derived EVs. Created with BioRender.com.

Fig. 5: Western blot against the EV 
marker Rab11 (expected molecular 
mass: 24 kDa) for EV preparations 
from H. armigera haemolymph (top 
left), Sf9 cell lysate (top right), and 
Sf9 cell EV preparations 
(bottom).Western blotting confirms 
the presence of the EV marker Rab11 
in H. armigera-derived EV 
preparations and in Sf9 cell lysate, 
but not in Sf9 EV preparations: 
Rab11 is not a suitable EV marker 
for Sf9 cells (note that the antibody 
was raised against vertebrate 
Rab11). Hence, other EV markers for 
Sf9-derived EVs may need to be 
searched out and tested.

Fig. 6: Effect of EV or supernatant 
pre-treatment on expression of 
viral (ie1) transcripts. Prior to viral 
infection, Sf9 "recipient" cells were 
incubated overnight with fresh cell 
medium (Ctrl), EVs from control 
(EV C) or infected (EV V) cells, or 
supernatants from control (SN C) 
or infected (SN V) cells. P-value 
cutoff was 0.05. ( p = 0 < *** <   
0.001 < ** < 0.01 < * < 0.05; NS = p 
> 0.05).

Comparison of  viral transcript 
levels suggests that  secreted 
components in the cell culture 
medium  increase viral replication, 
and that this effect is reduced if 
the  cells were pre-treated with 
virus. However,  EVs within the 
medium seem to play little role in 
modulating viral transcript levels. 

CONCLUSION

● Sf9 culture supernatant exhibits particles which show characteristics of EVs, but optimization of EV marker proteins is needed. Hence, Sf9 
cells can be considered a suitable in vitro model for some EV research in Lepidoptera (especially noctuids).

● Although an extracellular component appears to play a role in baculoviral infection, this effect is probably not attributable to EVs.

ACKNOWLEDGEMENTS
This work was supported by a KU Leuven internal fund (project number 3E220092) and by the 
Research Foundation of Flanders (FWO-Flanders, project C14/19/069).

REFERENCES
1. Gill,  S. et al. (2019). FEMS  Microbiology Reviews, 43(3), 273-303.
2. van Niel, G. et al. (2018). Nature Reviews Molecular Cell Biology, 19, 213-228.
3. Bou, J-V. et al. (2023). Vaccines, 11(10), 1532.
4. Kerviel, A. et al. (2021). Annual Review of Cell and Developmental Biology, 37, 171-197.
5. Santos, D. et al. (2021). Plants, 10(3), 484.
6. Marek, M.  et al. (2011). Biotechnology and Bioengineering, 108(5),  1056-1067.


