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Antibody-induced internalization of HIV-1 Env proteins limits the surface 

expression of the closed conformation of Env 

Sai Priya Anand1,2, Jonathan R. Grover3, William D. Tolbert4, Jérémie Prévost1,5, 

Jonathan Richard1, Shilei Ding1,5, Sophie Baril1, Halima Medjahed1, David T. Evans6,7, 

Marzena Pazgier4, Walther Mothes3 and Andrés Finzi1,2,5 

1Centre de Recherche du CHUM, 2Department of Microbiology and Immunology, McGill 

University, Montreal, 3Department of Microbial Pathogenesis, Yale University School of 

Medicine, 4Infectious Diseases Division, Department of Medicine of Uniformed Services 

University of the Health Sciences, 5Département de Microbiologie, Infectiologie et 

Immunologie, Université de Montréal, 6Department of Pathology and Laboratory 

Medicine, University of Wisconsin, 7Wisconsin National Primate Research Center, 

University of Wisconsin. 

To minimize immune responses against infected cells, HIV-1 limits the surface expression 

of its envelope glycoprotein (Env). Here we demonstrate that this mechanism is specific 

for the Env conformation and affects the efficiency of ADCC. Using flow cytometry and 

confocal microscopy we show that broadly neutralizing antibodies (bNAbs) targeting the 

“closed” conformation of Env induce its internalization from the surface. In contrast, non-

neutralizing antibodies (nNAbs) are displayed on the cell surface for a prolonged period 

of time. The bNAb-induced Env internalization can be decreased by blocking dynamin 

function, which translates into higher susceptibility of infected cells to antibody-dependant 

cellular cytotoxicity (ADCC). Our results suggest that antibody-mediated Env 

internalization is a mechanism used by HIV-1 to evade immune responses against the 

“closed” conformation of Env expressed on HIV-1-infected cells. 



Investigating the Roles of the Poly(rC)-Binding Protein 2 (PCBP2) in the 
Hepatitis C Virus Life Cycle 

Sophie E. Cousineau1 and Selena M. Sagan1,2,  
1Department of Microbiology and Immunology; 2Department of Biochemistry, McGill 
University. 

 The hepatitis C virus (HCV) uses a number of cellular elements to 
promote its own replication and protect itself from cellular molecular defenses. A 
cellular RNA-binding protein, the poly(rC)-binding protein 2 (PCBP2), mediates 
the stability and expression of cellular transcripts and is co-opted by many 
positive-strand RNA viruses to promote their replication. Six PCBP2 binding sites 
have been identified on the HCV genome, but the exact role(s) this protein plays 
in the HCV life cycle have yet to be elucidated.  

 Using the HCV cell culture system (specifically, the JFH1T viral strain and 
Huh7.5 cell line), we found that siRNA-mediated knockdown of PCBP2 leads to 
~2-fold reductions in HCV protein expression, RNA accumulation, and secreted 
infectious particles. To dissect PCBP2’s specific role in the viral life cycle, we 
carried out assays for viral translation, genome stability, RNA replication, and 
packaging. Using a RNA replication-deficient luciferase reporter virus, we found 
that PCBP2 knockdown has no effect on viral translation or genome stability. 
When we conducted these assays with replication competent viral constructs that 
are unable to form new infectious particles, we found that knocking down PCBP2 
impaired viral RNA accumulation - but our preliminary results suggest that only 
constructs that express the structural core protein are impaired by PCBP2 
knockdown. Furthermore, preliminary results using a Huh7-derived cell line that 
does not express the HCV entry receptor (the S29 cell line) suggest that PCBP2 
knockdown actually leads to an increase in extracellular - but not intracellular - 
infectious viral particles. 

 We propose that PCBP2 may play dual roles the viral life cycle: it may 
indirectly promote viral RNA accumulation by delaying genome packaging by the 
core protein, and may also inhibit egress of mature infectious particles. Further 
clarifying this PCBP2-HCV interaction may provide insights into the regulation of 
viral packaging and virus secretion that are applicable to related human 
pathogens.  



Essential role of c-Rel in IL-33-mediated activation of group 2 innate lymphoid 
cells 
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Group 2 innate lymphoid cells (ILC2) play a key role in the initiation and 
orchestration of early type 2 immune responses. Upon tissue damage, ILC2 are activated 
by alarmins such as IL-33 and rapidly secrete vast amounts of type 2 signature cytokines. 
While it is known that activating IL-33 receptor signalling results in downstream NF-κB 
activation, the underlying molecular mechanisms remain elusive. The NF-κB subunit c-
Rel has been shown to promote airway hyperreactivity and allergic inflammation in a 
murine asthma model. Since ILC2 are main drivers of asthma-mediated type 2 immune 
responses we hypothesized that c-Rel positively regulates ILC2 activation and function. 

We initially observed that after intranasal challenge with IL-33, wild-type mice 
mounted a substantial type 2 immune response including increased lung ILC2 numbers 
and eosinophilia whereas c-Rel deficient (Rel-/-) mice failed to respond to challenge. To 
further investigate the role of c-Rel in IL-33-mediated activation and function of ILC2, bone 
marrow and lung ILC2 of wild-type and Rel-/- mice were isolated and stimulated with IL-
33 ex vivo. We observed that upon ILC2 activation with IL-33, c-Rel mRNA and protein 
levels were induced and c-Rel translocates to the nucleus. To further elucidate the 
underlying molecular mechanisms, c-Rel chromatin interaction sites in ILC2 after IL-33-
mediated activation were determined by ChIP-Seq and compared to RNA-Seq data of 
activated wild-type and Rel-/- ILC2 in order to identify target genes that are directly 
regulated by c-Rel and deregulated in Rel-/- ILC2 after activation. Selected target genes 
were validated by ChIP-qPCR and their potential role(s) will be further investigated ex 
vivo and in vivo.   

Altogether, our data indicate that c-Rel positively regulates IL-33-mediated ILC2 
activation and function ex vivo as well as in vivo and thereby plays an essential role in 
ILC2 biology.  



Title: Induction of Prophages of Human Gut Bacteria by Xenobiotics 
 
Author: Steven Sutcliffe, Corinne Maurice, Xavier Naud-Lepage, Natalie tai 
 

Bacteriophages are major contributors to the human gut microbiota: they are found in 
similar abundance to their bacterial hosts and contribute up to 17% of the human fecal 
metagenome. In the gut, bacteriophages are commonly found in bacterial genomes as 
prophages. Prophages are ecologically important as they can modulate their bacterial 
host’s phenotype. Prophages are not an evolutionary dead-end for bacteriophages, as 
they can switch back to lytic replication through induction. Induction is typically caused 
by a stress response of the bacterial host to either environmental or cellular factors.  

   It is currently unknown what gut-specific environmental conditions might trigger 
prophage induction. We are investigating the inducing potential of xenobiotics in the 
human gut, as our previous work found that they could up-regulate prophage induction 
genes in this system. Hypothesis: Xenobiotics induce prophages leading to detectable 
changes in bacterial and phage communities in the gut. 

 We are tested several xenobiotics distributed over different drug classes: antibiotics, 
anticancer, and non-steroidal anti-inflammatory drugs. We screened these xenobiotics 
against multiple human gut bacterial isolates belonging to the major phyla of the human 
gut (Actinobacteria, Bacteroidetes, Firmicutes, and Proteobacteria) and show that 
induction is xenobiotic and strain-dependent. We identify many xenobiotics capable of 
inducing prophages, including non-steroidal anti-inflammatory drugs (Tolmetin and 
Diclofenac). As regulators of bacterial communities, bacteriophages are likely being 
influenced by regular xenobiotic exposure in the human gut.  
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Role of Gsm1 zinc transcriptional factor in regulating nonfermentative networks 
in Saccharomyces cerevisiae 

§Karla Páez, †Célia Jeronimo, ‡Najla Gasmi ‡Natalia Klimova,§  François Robert,†,** and Bernard 

Turcotte*,‡,§,1  

 ‡Department of Medicine, *Department of Biochemistry, and §Department of Microbiology and Immunology, McGill 
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Montréal, Montréal, QC, Canada H2W 1R7, and **Département de Médecine, Faculté de Médecine, Université de 

Montréal, QC, Canada H3C 3J7  

In the yeast Saccharomyces cerevisiae, fermentation is the major pathway and glucose 

the preferred carbon source for metabolic energy production. However, when glucose is 

unavailable, ethanol is used as a carbon source, requiring a shift from fermentative to 

nonfermentative metabolism. As a result, a massive reprogramming of gene expression 

is observed. Zinc cluster proteins form a family of transcriptional regulators. Some of them 

have been shown to mediate this reprogramming of gene expression acting as 

repressors, activators, or both. The zinc cluster protein Gsm1 (glucose starvation 

modulator) is implicated in the use of nonfermentable carbon sources based on a ChIP-

chip analysis. In this study, we characterized the Gsm1 role during the diauxic shift, 

identified its target genes and deciphered the interactions between Gsm1 and other zinc 

cluster proteins. ChIP-chip analysis showed that Gsm1 binds to a limited number of gene 

promoters under glucose conditions. However, with ethanol as a sole carbon source, it 

binds to over 100 genes, including PCK1 and FBP1 that encode essential gluconeogenic 

enzymes. Interestingly, Gsm1 and Rds2 have a very similar DNA binding pattern, 

suggesting they can act as heterodimers. Additional ChIP-chip analyses have shown a 

complex interaction between Rds2 and Gsm1, in which they bind DNA interdependently, 

dependently or with partial dependency from each other. Moreover, Rds2 and Ert1 are 

highly conserved paralogs, rising the hypothesis they also bind to DNA as heterodimers. 

Preliminary electrophoretic shift assays showed they bind as heterodimers to the 

promoter of the PDC1 gene, as based on the observation of an additional complex. Using 

a modified two-hybrid assay, we have shown an interaction between Gsm1 and Rds2 in 

vivo.  



Gut bacterial physiology and activity along the progression to dysbiosis in	a	dextran	sodium	
sulphate	mouse	model	of	colitis	
Mariia	Taguer1,	Corinne	Maurice1	
1Department	of	Microbiology	and	Immunology,	McGill	University		
	
During homeostasis, the gut microbiota provides many critical functions to the human host. 
Conversely, when the gut microbiota is in dysbiosis, it is correlated to a wide range of 
diseases. Dysbiosis is currently defined as a disease-specific shift in bacterial community 
diversity. A specific, functional-based description of dysbiosis is lacking, as well as the 
understanding of how the gut microbiota reaches this dysbiotic state. We hypothesize that 
there is a bacterial succession to dysbiosis where changes in bacterial physiology and activity 
occur before the onset of dysbiosis, specifically in the active bacterial population. These 
changes in bacterial physiology and activity are what lead to the change in community 
composition that is currently the endpoint of dysbiosis characterization. Using single-cell 
techniques such as fluorescently activated cell sorting and 16S sequencing (FACS-Seq), and 
bioorthogonal non-canonical amino acid tagging (BONCAT), we follow the dynamics of 
bacterial physiology and activity during the progression to dysbiosis. Specifically, we look at 
relative nucleic acid content, membrane damage, and translation. Our preliminary data show 
that upon dextran sodium sulphate (DSS) induced colitis in mice, changes in bacterial 
physiology occur on the same day as the onset of symptoms, which both precede the onset of 
dysbiosis. The active population of the gut microbiota is specifically enriched for Akkermansia 
muciniphila, highlighting the importance of low-abundant bacteria in promoting the disease 
state. Characterizing changes in bacterial physiology and activity during the progression of 
intestinal dysbiosis will allow for the identification of windows for successful therapeutic 
intervention.  
 
  



CD109 restrains activation of cutaneous IL-17 producing gd T cells by commensal microbiota 
 
Hualin Zhang1#, Giustino Carnevale1#, Barbara Polese1, Bavanitha Thuriarajah1, Maria E. Gentile1, 
Ghislaine Fontes1 and Irah L. King1,2* 
 
1Meakins-Christie Laboratories, Department of Microbiology and Immunology, McGill 
University Health Centre Research Institute, Montreal, QC, Canada 
2Meakins-Christie Laboratories, Department of Medicine, McGill University Health Centre 
Research Institute, Montreal, Québec, Canada 
 
Abstract 
Interleukin-17 producing gd T (gd17) cells play a central role in protective and pathogenic immune 
responses. However, tissue-specific mechanisms that control activation of these innate 
lymphocytes are not known. Here we demonstrate that CD109, a GPI-anchored protein highly 
expressed by keratinocytes, is an important regulator of skin homeostasis and gd17 cell activation. 
Genetic deletion of CD109 results in spontaneous epidermal hyperplasia, aberrant accumulation 
of dermal-derived gd17 cells and enhanced susceptibility to psoriasiform inflammation. In this 
context, gd17 activation requires IL-23 signals and can be reversed by transient depletion of the 
skin microbiota. Mechanistically, CD109 restrains gd17 cell activation in a cell-extrinsic manner 
by fortifying skin barrier integrity. Collectively, our data provide new insight into the regulation 
of the skin IL-23/IL-17 immune axis and how homeostasis is maintained at this important barrier 
site. 
 



LEISHMANIA EXOSOMES-MEDIATED SKIN HYPERINFLAMMATION IS ANNEXIN A1 

DRIVEN 

Alonso Lira, Fernando Alvarez, Ciriaco A. Piccirillo, Maziar Divangahi and Martin Olivier 

Research Institute – McGill University Hospital Centre / Infectious Diseases and 

Immunity in Global Health Program 

 

Leishmania spp. is a protozoan parasite transmitted by the bite of infected sand flies 

leading to a broad spectrum of diseases called Leishmaniasis considered by the WHO a 

Neglected Tropical Disease. From a mild cutaneous form to a deadly visceral one, the 

infection caused by this parasite poses challenges such as the rise of drug-resistance 

and the lack of detailed knowledge of modulation of the host immune system by the 

parasite. Our lab published a seminal work demonstrating that Leishmania Exosomes 

(Leish Exo) were released in the midgut lumen of its sand fly vector and are co-

inoculated with Leishmania during blood meal. Leish Exo were found to stimulate 

an inflammatory response conducting to exacerbated cutaneous leishmaniasis skin 

pathology. Recently, lipidomics studies showed these vesicles have a different 

composition in comparison to the parasite from which they were produced, in special 

their negative phospholipids content. Interestingly, Annexin A1 (ANXA1), a Ca2+-

dependent phospholipid-binding protein with inflammatory modulation functions, has 

shown vesicle-binding properties in previously published studies. Thus, we 

hypothesized ANXA1 interact with Leish Exo and is involved in the hyper inflammatory 

response caused by these vesicles in Cutaneous Leishmaniasis, so the aim of this 

study is to investigate the role of ANXA1 in the immune modulation caused by Leish 

Exo. To answer this question, we used C57BL/6 WT and ANXA1 KO mice to perform In 

vivo and Ex vivo studies after Leishmania major infection with or without Leish Exo to 

either analyze the adaptive immunity response by Flow Cytometry or to check the 

innate immunity response by Ex vivo and In vitro models. The data from this work will 

be shown and discussed at the 2019 MIMM Graduate Research Day.  

https://en.wikipedia.org/wiki/Phospholipid


DYSREGULATION OF THYMOCYTE DEVELOPMENT DURING 
CHRONIC VIRAL INFECTION  
Stefanie F. Valbon1 and Martin J. Richer1 
1Department of Microbiology and Immunology, Rosalind and Morris 
Goodman Cancer Research Centre, McGill University, Montreal, Canada 
 

The thymus plays a critical role in adaptive immunity by ensuring the 
development of T cells. Environmental stresses, such as infections, can 
lead to thymic involution, which is marked by a decrease in tissue mass and 
changes in thymic architecture. However, the impact of chronic viral 
infections on thymocyte development remains poorly understood. Herein, 
we show that in addition to thymic involution, a double negative (DN)1 block 
is observed following chronic (LCMV Clone (Cl)13) and not acute (LCMV 
Armstrong) infection. Since the DN1 population is very heterogeneous and 
can give rise to B cells if Notch signaling is abrogated; we hypothesized that 
thymic involution following LCMV Cl13 infection leads to thymocyte arrest 
at the DN1 stage diverging the commitment of T cell development towards 
the B cell lineage. We observed that the DN1 block starts 7 days following 
LCMV Cl13 infection and it is not fully restored as late as 20 days post 
infection. This block is marked by an increase in B220+ cells which present 
with a pre-pro/pro B cell phenotype. LCMV Cl13 infection also correlates 
with an increase in lunatic fringe mRNA and protein expression. Fringe 
proteins are capable of modifying Notch signaling, suggesting that their 
regulation may impact T cell development in this context. Together, our data 
highlight a novel impact of chronic viral infection on thymocyte development. 
Long term impaired T cell development and redirection to a B cell lineage 
may lead to a reduced capacity to respond to subsequent infections. 

 
 

 
 
 
 
 
 
 
 
 

 
 
 
 



Abstract Title:  
 
USP11 facilitates TGF-β signalling to augment the TREG and Th17 differentiation 
axis in CD4+ T cells  
 
Author(s): Roman Istomine1,2,3, Fernando Alvarez1,2,3, Ciriaco Piccirillo1,2,3  
 
1.Department of Microbiology and Immunology, McGill University  
2.Program in Infectious Diseases and Immunology in Global Health, Centre for 
Translational Biology, The Research Institute of the McGill University Health Center (RI-
MUHC)  
3.FOCiS Centre of Excellence in Translational Immunology (CETI), The Research 
Institute of the McGill University Health Center (RI-MUHC) 
 
Abstract Text: 

We have shown that distinct mRNA translational signatures distinguish Foxp3+ 

regulatory (TREG) from conventional CD4+ effector T (TEFF) cells through genome-wide 

analysis of cytosolic and polyribosome-associated mRNA levels in CD4+ T cell subsets. 

mRNA encoding Ubiquitin Specific Peptidase 11 (USP11) was preferentially translated 

in TCR-activated TREG cells. USP11 is known to modulate TGF-β signals but its function 

in T cells remains uncharacterized. Given the preferential translation of USP11 in TREG 

cells and the importance of TGF-β in TREG cell development, we examined whether this 

differential translation of USP11 mRNA could affect TREG cell differentiation and 

function. Herein, we employ viral transduction to ectopically express or knock down 

USP11 in primary CD4+ T cells, along with pharmacologic inhibition of USP11 to 

determine how altered USP11 expression affects CD4+ T cell subset differentiation, 

lineage commitment and function. In a lymphopenia model, USP11 expression 

correlated with TREG cells that maintained Foxp3 expression and kept a TREG phenotype. 

Ectopic USP11 expression in TREG cells in vitro enhanced lineage commitment and 

suppressive function. Additionally, ectopic USP11 expression in TEFF cells facilitated 

TGF-β signalling. This led to enhanced Foxp3 induction both in vitro and in vivo. 

Conversely, shRNA knockdown of USP11 reduced Foxp3 induction both in vitro and in 

vivo. Furthermore, ectopic USP11 expression in TEFF cells drove TH17 differentiation in 

polarizing conditions whereas inhibition of USP11 enzymatic activity reduced Th17 

differentiation and Foxp3 induction in vitro. In conclusion, we identified a novel 

mechanism regulating the TREG and Th17 differentiation axis in CD4+ T cells. 



Title: Examining the long-term responses to an attenuated Salmonella Typhimurium vectored 
vaccine targeting Clostridium difficile 
 
Authors: Kaitlin Winter1,2 and Brian J Ward1,2 
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Clostridium difficile infection (CDI) is an important nosocomial infection. CDI typically 

follows antibiotic use that disrupts the gastrointestinal microflora leading to C. difficile 
overgrowth and production of toxins A and B (TcdA, TcdB). Reducing CDI-associated 
morbidity and mortality requires new approaches, including vaccines. We have designed two 
Salmonella-based vaccine candidates; using an attenuated Salmonella Typhimurium 
(YS1646) strain, that express the receptor binding domains (RBD) of TcdA and TcdB. The 
principle advantage of live Salmonella-based vaccines is their ability to deliver antigens to the 
gut mucosa. Through local invasion, humoral and cellular responses can be elicited locally 
and systemically. When given in a multimodal vaccination schedule - 3 doses of YS1646 
orally (PO) day 0 (d0), d2 and d4, and a dose of recombinant protein intramuscularly (IM) on 
d0 - these vaccines generate high IgG titers and provide 100% protection in a lethal C57/BL6 
mouse challenge model (~30% survival in controls). Although serum antibodies are very low 
or absent in mice that receive only PO dosing, administering both TcdA and TcdB candidates 
provides 82% protection.  

 
In the current work, we investigate the long-term response to these vaccine candidates 

using the multimodal vaccination strategy. Serum samples were collected monthly to examine 
IgG responses. Six months after PO or IM+PO vaccination, some mice were euthanized to 
examine residual intestinal IgA response and the remaining mice were challenged with C. 
difficile. Vaccination was successful at providing 100% protection (vs. 33% survival in 
controls) at 6 months post-vaccination. Oral vaccination alone provided 84% protection. A 
booster dose delivered 5 months after vaccination did not alter protection from challenge.  

 
This work demonstrates that multimodal or oral vaccination targeting the toxin RBD 

and based on based antigen-expressing YS1646 can generate a long-lived protective 
immune response in mice.  
 
 


