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Invasive fungal diseases (IFD) impact morbidity, mortality, hospital
stay and healthcare costs in critically ill patients, constituting an
unmet medical need." Pathogenic fungi rarely cause IFD in
immunocompetent individuals but become life-threatening in
cases of immunodeficiency, young infants, disrupted mucosal
barriers or polyantibiotic therapy, highlighting the role of immune
surveillance in IFD control.?

Host fungal recognition relies on pattern recognition receptors
(PRRs) mainly expressed by innate immune cells to induce
protective responses. PRRs from different structural families, such
as Toll-like receptors (TLRs), C-type lectin receptors (CLR), scaven-
ger receptors (SRs), nucleotide-binding and oligomerization
domain-like receptors (NLR), and retinoid acid-inducible gene-like
receptors (RLR) target conserved structural components of fungal
cells (e.g., mannans, B-glucans, or chitins)—collectively designated
microbial-associated molecular patterns (MAMPs).? The identifica-
tion of genetic variants in patients and the development of
knockout mouse models have paved road to the discovery of PRR
mechanisms in antifungal immunity and novel immunomodula-
tory strategies against IFD.

MAMPs indirectly promote T cell-mediated responses through
innate immune cells by upregulating antigen presentation and
both co-stimulatory molecule and cytokine production. Incipient
evidence indicates that different T cell subsets directly modulate
ongoing immune responses by responding to MAMPs>3* We
previously showed that human CD5, a lymphoid-specific class | SR,
binds to and senses the presence of fungal cells through 3-glucan
recognition.’ CD5 is a signal transducing receptor physically
associated with the antigen-specific receptor complex of T and
B1a cells that downmodulates activating intracellular signals upon
specific antigen recognition.® In this way, CD5 binding to MAMPs
is thought to prevent autoimmunity by dampening the activation
of low-affinity self-reactive immune cells and favoring the
expansion of high-affinity non-self-reactive immune cells to
optimize anti-infectious responses.’

Fungal -glucan recognition occupies a substantial number of
PRRs (e.g., dectin-1, CD23, SCARF1, CD36, and TLR2) on innate
immune cells.? This raises the question of the redundancy of CD5
on adaptive immune cells during antifungal defense. We
investigated CD5 deficiency (cd57) in mice susceptibility to
fungal infection. cd5~/~ mice showed lower survival and increased

fungal burden compared with wild-type (WT) mice following
sublethal systemic Candida albicans infection (Fig. 1a) or lethal
challenge with Cryptococcus neoformans (Fig. 1b), supporting
widespread fungal susceptibility. Interestingly, no survival differ-
ences between C. albicans-infected WT and cd5~'~ mice were
observed following therapeutic infusion of recombinant soluble
human CD5 protein (rshCD5) (Fig. 1c), in line with previous
findings using rshCD5 in a zymosan-induced fungal sepsis-like
mouse model.’

T cells are the main immune cell subset expressing CD5, which
downmodulates T cell activation.® Thus, mechanistic in vitro
studies were performed using unfractionated splenocytes from
cd5~’~ and WT mice exposed for 24 h to heat-killed C. albicans. As
shown in Fig. 1d, lower production of IFN-y, TNF-q, IL-6, and IL-12
was detected in cd5~/~ splenocytes than in WT splenocytes.
Fungal exposure differentially influenced activation and/or apop-
tosis in WT versus cd5~'~ splenocytes, as illustrated in Fig. 1e. The
expression of the early activation CD69 marker was upregulated in
WT but not in cd5~~ spleen T and B cells following a 24-h
challenge with heat-killed C. albicans, whereas no differences in
CD25 expression were detected (Fig. 1e). Under these conditions,
activation-induced and apoptosis-inducing cell surface marker
CD95/Fas revealed no differences between cd5~'~ and WT spleen
T cells (Fig. 1e) but showed upregulation in B cells, albeit with
lower levels in cd5~'~ cells (Fig. 1e). The lack of differences in
annexin V/7-ADD positivity (Fig. 1e) indicates that CD5 deficiency
desensitizes T and B cells to activation during C. albicans exposure.

Our results support a nonredundant role for CD5 in antifungal
immune responses. The higher susceptibility to fungal infection in
CD5-deficient mice resembles that of other immune cell fungal
receptors, such as dectin-1 and dectin-2, whose deficiency
increases C. albicans infection susceptibility, enhances fungal
dissemination, lowers cell recruitment and decreases pro-
inflammatory cytokine production as a consequence of impaired
fungal recognition.®® Our in vitro conditions mirroring innate
immunity show lower cytokine production and lower T and B cell
activation upon fungal exposure under CD5 deficiency. Thus, we
propose that in the absence of specific antigen recognition, fungal
sensing by CD5 provides co-stimulatory signals, potentiating T and
B cell functions. The latter agrees with the activating properties of
the casein kinase 2-binding domain of CD5 (via AKT activation),

W_

"Immunoreceptors of the Innate and Adaptive System, Institut d'Investigacions Biomédiques August Pi i Sunyer, 08036 Barcelona, Spain; “Mycology Reference Laboratory,
National Centre for Microbiology, Instituto de Salud Carlos Ill, 28220 Majadahonda, Spain; Servei d'lmmunologia, Centre de Diagnostic Biomedic, Hospital Clinic de Barcelona,
08036 Barcelona, Spain and “Departament de Biomedicina, Universitat de Barcelona, 08036 Barcelona, Spain

Correspondence: Francisco Lozano (flozano@clinic.cat)

Received: 22 March 2020 Accepted: 28 March 2020
Published online: 24 April 2020

SPRINGERNATURE

© CSl and USTC 2020


http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-020-0434-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-020-0434-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-020-0434-7&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41423-020-0434-7&domain=pdf
http://orcid.org/0000-0003-1119-4368
http://orcid.org/0000-0003-1119-4368
http://orcid.org/0000-0003-1119-4368
http://orcid.org/0000-0003-1119-4368
http://orcid.org/0000-0003-1119-4368
mailto:flozano@clinic.cat
www.nature.com/cmi

The lymphocyte scavenger receptor CD5 plays a nonredundant role in fungal...

M Velasco-de-Andrés et al.

p=0.09
a 100+ . . 64 | —| _ 69 *
% WT + Candida < o @ —
5 ©
80 o cd5" + Candida S S Bo
X 4 44 oOd
L o 2 2
g > -]
= L L u
S 404 (@) o
a =, 29 c 21 = o
20- g n . 3 %
g e o (% o
0 T T T 1 0'_- T 0 i T
0 5 10 15 20 (days) WT  cd5” WT  cd5”
B 100 . C 100- - WT + vehicle + Candida
C S . s
50, Julli +’é’p s -+ cd5™ + vehicle + Candida
= e = B cd5"+ rshCD5 + Candida
= 60 = 60
2 2
S 404 S 40-
=] =
(%) * ()
204 20-
C T e T 1 0 T T T T 1
0 10 20 30 (days) 0 5 10 15 20 (days)
d 61 4001 &~ 20- 124
— * ) o —~
Q — %) * — sk o -
© . $ 300- X 5] §
Q41 g ) ] 2 [ ] 5 8
= £ " o =
= = T 200 S 10 e
: N A S
= 7 3 o 2 ] o |
= - 5 Lél' i - - e 5 = ~
L n o © = ]
- u %’ = . A
o o-—,——/ = 0-
WT  cd57 WT  cd5™ WT  cd57 WT  cd57”
e
- - = 3 150
g200 = 300 o ne = 150 < - WT_/_
dede S 5 ns ns s o cd5
8 Py ns Kk o) =
O 1504 ns ns 0] L — A ns * 8 * ns
4 g i 200-%% P 100 ,E 10091 7, .
2 o o) 0 =
@ 1004
. 2 3 &
- ¥@ f% — u — i% # ) ] s%
- S = 1001 ‘% c 504 < 50-*
£ F= <
2 > 9 2 =
] Q o €
© ot—g——7— © o0 © e e 5: L e
Control Candida Control Candida Control Candida Control Candida
200_ - - *kk * — o
& Hkk * ’2\ 200 g 150 § 200 s WT
% = * ns S ns *kk . [m] Cd5'/'
ns ns —
oA e — & 150 fsns 8 - D 1501  sx s
Y L e 0 o o 1007 x O - ns *
8 100 3 1OO'I. " gﬂi [ -3 < 100
Chatt T I SR ¥ 3 o .
o @ © e . +3
c c £ 50-{"s i § i 0¥
= 504 wn 501 = L 501
3 I o =
[a) () [|) +
>
© - © o1 © O S E < O—7T—1—
Control Candida Control Candida Control Candida Control Candida

Fig. 1 Effect of CD5 deficiency on in vivo and in vitro fungal challenge. a Survival of WT (n = 12) and cd5~'~ (n=15) C57BL/6 mice infected with
the C. albicans SC5314 strain (3 x 10° CFU/g, tail vein) (left). Log-rank (Mantel-Cox) test. Fungal burden from kidney (n = 5) and spleen (n = 7) at 72
h postinfection (right). Mann-Whitney test. b Survival of WT (n=6) and cd5 '~ (n = 8) mice infected with the C. neoformans H99 strain (3 x 10*
CFU/qg, intranasal). ¢ Survival of C. albicans-infected (as in a) WT mice treated with vehicle (1 =5) and cd5~/~ mice treated with vehicle (n=7) or
rshCD5 (1.25 mg/kg; n = 6) at 18 h postinfection. d IFN-y, TNF-a, IL-6, and IL-12 ELISA levels in culture supernatants from total splenocytes (2 x 10°
cells/well) from cd5 /~ (n = 7) and WT (n = 7) mice exposed to heat-killed C. albicans SC5314 (10° CFUs/well) for 24 h. The results are plotted as fold
induction from unstimulated cells. Unpaired t-test. @ Flow cytometry of unfractionated splenocytes from cd5~ (n=7) and WT (n=7) mice
challenged with heat-killed C. albicans (as in d) and analyzed for CD69, CD25, CD95/Fas, and annexin V/7-AAD positivity on gated T (CD3*B220")
and B (CD37B220%) cells. Represented is the geometric mean of fluorescence intensity (GeoM). Unpaired t-test. *p < 0.05; **p < 0.01; ***p < 0.001
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hich is necessary for Th17 cell differentiation through the IFN-y
response and RORyt localization.'®

We postulate that CD5 protects against IFD by sensitizing T cells
to fungal constituents and consequently contributing to Th17
and/or Th1 responses. Research on other CD5" non-T (B1a, Breg,
iNKT, and ILCs) and nonlymphoid (macrophages and DCs) cell
subsets awaits full understanding of the IFD-protective mechan-
ism of CD5.°
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