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Inttiating the T Cell
Response to Liver-
Stage Malaria

Komi Gbedande' and
Robin Stephens'#*

Kurup et al. (Cell Host Microbe
2019;25:565-577.e6) define the
liver-based antigen-presenting cell
driving CD8 T cell responses to
mosquito transmission of Plasmo-
dium spp., and show direct interac-
tion of CD11c* cells with infected
hepatocytes. We discuss this work
in context, highlighting gaps and
new approaches suggested by the
work to target liver-stage vaccine
antigens.

Malaria remains an important parasitic in-
fection in the world, with 217 million
cases and 435 000 deaths in 2018. During
the blood meal, infected Anopheles mos-
quitos introduce Plasmodium spp. sporo-
zoites into the host dermis, which quickly
transit to the liver of the host. The liver
stage of Plasmodium is a potential target
to induce immunity by vaccination. The
mechanisms of immunity to the very

effective, radiation-attenuated sporozoite
(RAS) vaccination have been well charac-
terized [1]. Here, we briefly review the
host response to the liver stage of Plasmo-
dium spp., and discuss the recent findings
of Kurup et al. [2] on the role of hepatic in-
flammatory dendritic cells (DCs) in priming
CD8 T cells against the liver stage of
Plasmodium yoelii infection in this context.

Liver-Stage Immunity to
Plasmodium spp.

Liver-stage infection with Plasmodium
spp. induces both innate and adaptive im-
mune responses. The live parasite is now
known to trigger interferon (IFN)-inducible
genes in infected hepatocytes, recruiting
CD8a* DCs and T cells to the liver more
strongly than RAS [3,4]. Liver-localized
DCs have been shown to take up both
RAS and sporozoites after infection, and
drive generation of T cell responses [1,4,5].
In humans, immune responses to liver-
stage parasites have been measured. Anti-
bodies to liver-stage antigens, such as
LSA-3, are generated from the earliest ex-
posures. The specificity for the antigens
LSA-1 and STARP was present in most
children of 8-10 years of age during a
malaria-free rainy season, but fewer
showed this specificity in the group with
clinical disease [6]. These antibody re-
sponses likely require CD4 T cell help. How-
ever, most T cell epitopes tested to date
have elicited responses in only a small frac-
tion of infected people, though more are de-
tected when epitopes are human leukocyte
antigen (HLA)-matched [7]. Interactions be-
tween liver macrophages, or Kupffer cells,
and the Plasmodium sporozoites are nec-
essary for hepatocyte invasion. While this
interaction induces cytokines [8], mecha-
nisms of antigen presentation are unclear
in the case of liver infection.

CD11c* Cells Find Infected
Hepatocytes and Prime CD8 T Cell
Immunity

Although pathways of antigen presentation
in the liver, including RAS vaccination,
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leading to Plasmodium immunity are be-
ginning to be well understood, induction
of immunity to infectious sporozoites
has not been well explored [1,5]. The
recent study by Kurup et al. identified a
subset of hepatic CD11c¢™ cells that pres-
ent antigens upon mosquito transmission
of P. yoelii and P. berghei infection [2].
While the frequencies of Kupffer cells
(CD45" CD11c™ MHC-II* F4/80" CD11b™
CX3CR1°™™) " macrophages (CD45"
CD11¢™ F4/80* CD11b™ CX3CR1™), and
monocytes (CD45" MHC-II™ CD11c™ F4/
80~ LyB6C*) remain unchanged in the livers
of infected mice, the numbers of CD11c*
cells increased, suggesting a possible
role for CD11c™ DCs in antigen presentation
[2,4]. The authors showed that CD11c* cells
from the liver primed a CD8 T cell response
to liver-stage-restricted antigens using
CD11c-reporter and T cell receptor (TCR)
retrogenic mice, and fluorescent parasites.
While DCs in the liver have been observed
with blood-stage parasites or RAS inside,
tissue-localized antigen-presenting cells
had not been previously observed in the
less inflammatory liver stage. It had been hy-
pothesized that hepatocyte apoptosis led to
priming of liver-stage responses. However, it
is now clear that Mda5 can initiate the intra-
cellular response to Plasmodium infection,
suggesting that the infection is not silent
[3]. The authors carefully demonstrated
that T cell priming requires hepatocyte inva-
sion, ruling out an exclusive role for dead
parasites as antigen for priming in the local
lymph node. In addition, live video micros-
copy shows CD11c* cells taking up
merosomes. Intriguingly, the cytokine,
chemokine, and integrin signals used by
DCs to find infected hepatocytes may also
be used by T cells that could then find and
kill them. These signals, which are not yet
understood, could reduce the need for an
extremely large number of CD8 T cells to
be retained after vaccination to allow identifi-
cation and elimination of the parasite.
Though generally thought to inhibit liver-
stage immunity, the inflammation caused in
the liver from the blood stage of infection
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could also augment migration of T cells into
the liver via upregulation of these signals.

Parasites were found in CD11c™ cells,
which could be generated from transferred
monocytes. CD11c is typically associated
with DCs; however, they also expressed
the macrophage markers F4/80 and
CSF1R, the inflammatory monocyte
markers CD11b, CD14, Ly6C, and CCR2,
as well as CD103 and CD207, reminiscent
of migratory or inflammatory DCs. A previ-
ous paper indeed identified a CD8a™
CD11c" cell type as presenting P. berghei
antigen to CD8 T cells [4], but many
markers used here were not overlapping
with previous studies to allow confirmation.
Malaria research has uncovered other
unique activated subsets of immune cells,
including atypical B cells, monocytes, and
hybrid effector T cell types [9], several of
which upregulate CD11c¢, an integrin asso-
ciated with activation, during infection.
Kurup et al. clearly demonstrate that
CD11c* cells from livers of infected mice
stimulated parasite-specific IFN-y* tumor
necrosis factor (TNF)* CD8 T cells both
in vivo and in vitro. This study explains
how liver-stage T cell responses are gener-
ated. While it was known that DCs play a
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central role in the response to RAS and
sporozoites in the skin, it had not been
demonstrated that infected hepatocytes
attracted antigen-presenting cells in the
liver [10], and further investigation of this
exciting phenomenon is warranted.

New vaccines might target multistage anti-
gens to the newly identified inflammatory
DC, for example using CD207, as
DEC205 has been used. In order to ma-
nipulate the migration of DCs and T cells
for the purposes of vaccines, it would be
important to know if CCR2, CX3CR1, or
CD103 were critical for their infiltration of
the liver or location of infected hepato-
cytes. Most importantly, it will be critical
to follow up by examining the prevalence
and mechanisms of Plasmodium-specific
CD8 T cell immunity in exposed humans.
While this is challenging, phenotypes and
responses could soon be studied using
new HLA tetramers. Given the variation
between findings in studies testing for var-
ious antibody specificities and T cell epi-
topes, much more needs to be done to
understand the natural generation of Plas-
modium-specific CD8 T cells, which are
known to be beneficial in vaccines that
seek to destroy infected hepatocytes.
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