- &J.ﬁ!\f?. _...~,‘

gp120/gp41, plays an important role in im-
mune evasion by covering the neutraliza-
tion epitopes and presenting only the gly-
cosylated portion of these proteins to the
host immune system.

The importance of protein glycosylation
in HIV-1 Env proteins assuming its ovine
appearance was evaluated by selectively
interrupting N-linked glycoprotein pro-
cessing and assessing the subsequent repli-
cation, infectivity, and pathogenicity of the
virus.*

One way in which the virulence of HIV re-
sults comes from CD4-gp120 interactions
which induces T cell- T cell fusion events
to form syncytia. Specifically, syncytia
are produced by the interaction of gp120
or gp4lexpressed on an infected cell with
the CD4 expressed on neighboring cell
surfaces. The involvement of CD4 and
gp120 interactions was demonstrated using

anti-CD4 antibodies and site-directed mu-
tation of gp120 to inhibit syncytia forma-
tion in vitro.

Further investigation revealed that it was
specifically the N-glycosylation of enve-
lope proteins that was necessary for HIV-1
to express its Env proteins intact and also
to exert its cytopathic effects. Coincuba-
tion of HIV-infected H9 cells with unin-
fected MT-2 cells, and the N-glycosyla-
tion inhibitors castanospermine (a potent
inhibitor of some glucosidase enzymes),
I-deoxynojirimycin  (an alpha-glucosi-
dase inhibitor), 1-deoxymannojirimycin (a
mannosidase-I inhibitor), or tunicamycin
(an inhibitor of GlcNAc phosphotransfer-
ase which acts early in glycoprotein syn-
thesis.) was assessed. After 24 hours, the
reduction in syncytial formation and cyto-
pathic effect was observed. In contrast, no
syncytium formation was observed when

untreated HO/HTLV-IIIB cells were mixed
with MT-2 cells preincubated with inhib-
itors. This suggested that HIV-induced
syncytium formation and its associated
cytopathic effects are greatly dependent on
glycoprotein processing.

These results support a role for N-glyco-
sylation of HIV-I Env proteins as neces-
sary for cytopathic effects. About 50%
of Env mass is contributed by host-cell
derived N-linked glycans which are con-
sidered a major protective shield against
immune recognition.’ Because glycans are,
in general, less amenable to inducing hu-
moral immune responses, these can mask
conserved polypeptide epitopes making it
difficult for antibodies to recognize viable
epitopes.®
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Chikungunya Virus Refuses to be

Complemented
By Guenaele Raphael

Immune evasion is a hallmark of a patho-
gens’ virulence and pathogenicity. To be
successful in a host, pathogens have de-
veloped different strategies to overcome
the immune system. For example, human
cytomegalovirus (HCMV) inhibits MHC
class I antigen presentation which prevents
cytotoxic T cells from recognizing viral
and self-antigens.!? Other viruses, such as
Hepatitis C (HCV), suppresses the immune

system by blocking important signaling
pathways involving pattern recognition re-
ceptors such as Toll-like receptors or RIG-I
like receptors,** while Bordetella Bronchi-
septica can inhibit the MAP kinase path-
way and Nf-kB activation.’

Chikungunya virus (CHIKV), a re-emerg-
ing mosquito-borne pathogen, also suc-
cessfully evades and suppresses the host
immune response.® This virus was first
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isolated and discovered in Tanzania in the
early 1950s,” and since then has caused ma-
jor outbreaks around the globe. The most
recent outbreaks occurred in 2013 within
the regions of North and South America
which prompted a concerted effort to better
understand the pathogenesis of this virus,
particularly how CHIKYV interacts with the
immune system. Prior studies have shown
that CHIKV can elicit massive secretion of
IFNs as well as proinflammatory chemo-
kines and cytokines,® which help in con-
trolling progression and dissemination of
the pathogen inside the host. Interestingly,
CHIKYV has developed various strategies
to counteract the host’s immune system,
including the disruption of IFN signaling



by the viral protease, nsP2, that can pro-
teolytically cleave IFN.>1%!' Additionally,
more recent research, from Nag et al., has
shown an interaction between CHIKV and
the human complement system.!?

The complement system is made of a va-
riety of plasma proteins that interact with
one another to promote opsonization, neu-
tralization, activation of phagocytosis, and
other pro-inflammatory responses resulting
in the assembly of the pore-forming, mem-
brane attack complex (MAC). The comple-
ment system is activated through three dis-
tinct pathways, the classic pathway (CP),
the lectin pathway (LP), and the alternative
pathway (AP); each of which converge at
the same effector molecule, C3 conver-
tase. C3 convertase is an enzyme that can
cleave a component of the complement
system, C3 into C3a and C3b, which are a
chemokine/mediator of inflammation and
a potent opsonin, respectively.!>!3 This re-
view article explores the work by Nag et al.
that focuses on elucidating the mechanisms
through which CHIKV can resist the hu-
man complement system by expression of
a factor I-like activity.!?

First, it was shown that CHIKV was able to
activate the human complement system in
a concentration-dependent manner. Briefly,
a 2-fold serial dilution of sucrose-gradi-
ent-purified CHIKV was performed from
2.5 pg to 0.07 ug CHIKV and then incu-
bated with normal human serum (NHS) for
45 min at 37°C. Following the incubation,
western blot analysis revealed that CHIKV
was able to catalyze C3-to-C3a conversion
between 0.15 pg and 0.31 ug CHIKV.”In a
similar experiment,1.25 pg of CHIKV was
incubated with NHS at different timepoints
and showed time-dependent conversion of
C3 to C3a from 5 minutes to 45 minutes.
These results suggest that CHIKV is, in
fact, able to activate the complement sys-
tem in solution.

Since CHIKV demonstrated complement
activation, the authors wanted to test if
CHIKYV is resistant to complement-me-
diated neutralization. To do so, comple-
ment-dependent  neutralization  assays
were performed with the CHIKYV. Briefly,
CHIKYV was incubated for 1h at 37°C in
different concentrations of NHS or heat-in-
activated NHS (HI-NHS). The infectivity
of these CHIKV samples were then deter-
mined by plaque assay on Vero cells. Com-
pared to the virus-only control, incubations
with high concentrations of NHS only re-
duced the number of plaques by 10 - 25%.

To further substantiate this conclusion, a
comparative analysis was performed with
Chandipura virus (CHPV), a virus known
for being sensitive to complement neutral-
ization. As anticipated, CHPV exhibited
a high sensitivity to complement-mediat-
ed-neutralization with a marked decrease
in the number of plaques by up to 90%.
These data further confirmed that CHIKV
can resist complement-mediated-neutral-
ization in vitro.

Recognizing the counterintuitive nature
of CHIKV’s ability to activate the com-
plement system while also being relative-
ly insensitive to complement-mediated
neutralization, the authors sought to in-
vestigate if CHIKV was blocking comple-
ment-mediated neutralization by inhibiting
deposition of complement components,
specifically C3 and C4. Briefly, CHIKV
samples, incubated with minimal essential
media (MEM) or NHS at 37°C for 1h, were
ultracentrifuged and analyzed via western
blotting to detect CHIKV proteins as well
as C3 and C4. Both C3 and C4 were found
to migrate with the viral fractions, suggest-
ing that deposition of complement does in
fact, occur. Analysis via electron microsco-
py further confirmed deposition of C3 and
C4 components on CHIKV but in limited
amounts which might be insufficient to
trigger viral neutralization.

Since deposition of C3 and C4 on CHIKV
does not trigger neutralization, the scien-
tists decided to investigate the form of C3
that associates with the CHIKV virus. Nor-
mally, upon activation C3 is cleaved into
C3a and C3b. However, this process can be
abrogated by the presence of serine prote-
ase factor I, along with other cofactors such
a factor H and CD46, forming the C3b in-
activated form, iC3b; which occurs by the
cleavage of the a-subunit of C3b. Interest-
ingly, analysis via Western Blot reveals that
the C3b component attached to the CHIKV
virions lacks the a-subunit of C3b, suggest-
ing the presence of a factor I-like activity by
CHIKYV. However, this factor I-like activi-
ty of CHIKYV seemed to have no effect on
C4b. Moreover, the degree of inactivation
of C3b seems to be highly dependent on
certain criteria: concentration of CHIKYV,
time of incubation, and the presence of the
host cofactor H. Also, biochemical assays
showed that cleavage of C3b is not due to
the host factor I activity.

Overall, this paper suggests that CHIKV
inhibits the activity of the complement
system. These new findings offer valuable

insights into the interaction of CHIKV and
the complement system and contribute to
its dissemination and progression in the
bloodstream of infected hosts.
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