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approach to quantitatively analyze the interactions between C. neoformans and c
brain endothelial cells in a mouse model using flow cytometry. Using this system,

we show that C. neoformans was internalized by brain endothelial cells in vivo and

that mice infected with acapsular or heat-killed C. neoformans yeast cells displayed

FIG. 6 Mice infected with heat-killed C. neoformans display a lower frequency of infected brain endothelial cells

compared to viable C. neoformans.
Mice were infected with 20x106 CFSE-labeled heat-killed (HK-99) or viable C. neoformans H99. Brain endothelial cells were
purified 24 h after infection. The frequency of CD31+CFSE+ cells (gated on CD31+CD45- cells) was determined by flow
cytometry. (A) representative dot plots, (B) frequency, and (C) absolute number. Data from two independent experiments
were pooled and are presented as mean + SEM. Dots represent individual mice. * p<0.05, ** p<0.01.

a lower frequency of endothelial cells containing the yeast cell compared to mice ; 0.93
infected with wild-type or viable yeast cells, respectively. We further demonstrate GFP Brain endothelial cells are invaded by serotype A of C. neoformans
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higher rate compared to serotype D strain (52D strain). Our experiments
established that internalization of C. neoformans by brain endothelial cells
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Cryptococcus neoformans (C. neoformans) is an encapsulated fungal yeast (FIG. 1) LR ] e 55 2 LIRS L 0.18 1ol T2 4 & 3
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and cross blood-brain-barrier causing fatal meningoencephalitis (FIG. 2). FIG. 3 Quantitative analysis of internalization of GFP-labeled C. neoformans by brain endothelization in 1 18 A5 & c 20004 o 2000000~ L
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Cryptococcosis is caused by encapsulated fungal pathogen Cryptococcus vivo. 1 & ey E £ 1
1) The f | T . L. h . d wh h inhaled (A and B) Gating strategy of CD31+GFP+ cells. Endothelial cells were isolated from the brain of mice 24 h after i.v. infection i % 15007 5 1500000
neoformans ( ) € Tungal Cells exist in the environment and when t €y are innhaie with 20x108 GFP-labeled C. neoformans. Endothelial cells were defined as CD31+CD45-. CD45+ leukocytes and CD45 3 % 1000- n 2 1000000-
. . . . . . . . . H H . H ] . . . o
into the Iung, they will |n|t|ally induce Iung infection. In |mmunocompetent |nterrr_1ed|ate mlcrogll_a were gated out after selecting CD45- population .(A). A representatlv.e flow cytometry histogram o 0.90 @ 500. T s00000] €8
o ] ] showing the expression of GFP by CD31+CD45- cells (B). (C and D) Mice were infected with 20x106 GFP-labeled C. 8 - < :== 1
|nd|V|duaIs, the fu ngal cells are usually cleared by the immune cells or establish a neoformans H99. Brain endothelial cells were purified 24 h after infection. (C). CD31+GFP+ cells were sorted by o 0 * : 0 : :
. . . T . . . . . fluorescence-activated cell sorting (FACS). The sorted cells were subjected to analysis by confocal microscopy (D). (E and F) CFSE 52D  H99 52D  H99
latent infection in the Iung. However, in |mmunocomprom|sed individuals mCIUdmg Mice were infected with 20x10° GFP-labeled C. neoformans H99. The frequency of CD31+GFP+ cells was determined 0, 12, ] _ ] o
AIDS patients, the organisms can disseminate from the |ung to the brain, ca using and 24 h post infection by flow cytometry. Representative dot plots (E) and quantification (F). (G and H) Mice were infected FIG. 7 The frequency of brain endothelial cells invaded by serotype A of C. neoformans is higher compared to
. - . cie . . with 5x108, 10x106, or 20x10% GFP-labeled C. neoformans H99. The frequency of CD31+GFP+ cells was determined 24 h serotype D.
meningoencephalitis (1, 2). Cryptococcal meningoencephalitis is often fatal without post infection by flow cytometry. Representative dot plots (G) and quantification (H). Data shown are the mean + SEM. Dots (A-C) Mice were infected with 20x106 CFSE-labeled C. neoformans H99 (serotype A) or 52D (serotype D). Brain endothelial
. thi . - TR represent individual mice. Data are a representative of two independent experiments. Scale bars: 5 um. cells were purified 24 h after infection. The frequency of CD31+CFSE+ cells (gated on CD31+CD45- cells) was determined
treatment, and even with treatment two-thirds of patlents die within a few months by flow cytometry. (A) representative dot plots, (B) frequency, and (C) absolute number. (D and E) Mice were infected with
of diagnosis (3, 4). Worldwide, fatalities due to cryptococcal meningoencephalitis . . . 20%x106 C. neoformans H99 or 52D. (D) The survival was determined (n=5 mice/group). (E) The fungal burdens in the brain
U Sl ng CFS E-Ia be I Ed C N EOfOrm ans to q uantitative |y ana Iyze were determined on day 3 after infection (n=4 mice/group). Data from two independent experiments were pooled for (B) and

were recently estimated at more than 181,100 cases each year (5). It is believed
that crossing of the blood-brain barrier (BBB) by C. neoformans is a critical step to the interaction between C. neoformans and brain
cause meningoencephalitis (6). As such, the mechanism(s) of BBB crossing by C. endothelial cells in vivo

neoformans is fundamental for understanding cryptococcal pathogenesis. There are
several well-established pathways contributing to C. neoformans invasion to the
brain, including transcytosis, paracellular pathway, causing tissue damages and

(C), and data are presented as mean £ SEM. Dots represent individual mice. * p<0.05, ** p<0.01, ***p<0.001, **** p<0.0001.

Mice deficient in CD44 show a slightly lower frequency of brain

endothelial cells containing C. neoformans.
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dynamic events of fungal BBB crossing in vivo. In vivo studies are urgently needed FIG. 4 Quantitative analysis of internalization of CFSE-labeled C. neoformans by brain endothelization in vivo. ] S os] meass ':E' g %1488 ==-_
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for solve the brain invasion prOblemS' infection. The frequency of CD31+CFSE+ cells (gated on CD31+ CD45- cells) was determined by flow cytometry (A). 8 0.0 ® 0 e’ a"m"
CD31+CFSE+ cells were sorted by fluorescence-activated cell sorting (FACS). The sorted cells were subjected to analysis by O "~ D44 WT cDa4 WT
confocal microscopy to determine the colocalization of brain endothelial cells (CD31+) and the yeast cells (CFSE+) (B). Scale GFP
bars: 5 um. FIG. 8 CD44/- mice exhibit a slightly lower frequency of brain endothelial cells invaded by C. neoformans compared to
. . . ey e wild-type mice.
M iCe | nfECtEd Wlth dCa pS u Ia I C ne0f0 Fmans EXh | b |t d |Owe r CDA44-/- and wild-type (WT) mice were infected with 20x106 GFP-labeled C. neoformans H99. Brain endothelial cells were

purified 24 h after infection. The frequency of CD31+GFP+ cells (gated on CD31+CD45- cells) was determined by flow
cytometry. (A) representative dot plots, (B) frequency, and (C) absolute number. Data from three independent experiments

frequency of endothelial cells containing the yeast cell solute numb ? thre
were pooled and are presented as mean £ SEM. Dots represent individual mice. ns, not significant; * p<0.05.
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neoformans H99 infection 3dpi A. GFP-tagged C. neoformans

FIG. 1 C. neoformans arsc;s\)/vs(;nside thedtgll_zof Vestsell_lsgg’rg ad "q‘f‘l C?Iom]/c. Bt-' GFtP-tagged FIG. 5 Mice infected with acapsular C. neoformans display a lower frequency of infected brain endothelial cells
GFP-tag C. neoformans H99 strain with shovv(s fruene n&sagross -b?orgg-(t;rain-tfar?ie)r aﬁdr?olr?nl?uenc Iac?r::h?s;gcr)lij: ° compared to wild-type C. neoformans.
fluorescently labelled capsule(red) J 9 Mice were infected with 20x106 CFSE-labeled acapsular strain CAP59 or wild-type C. neoformans H99. Brain endothelial

brain parenchyma. i : .
cells were purified 12 h (upper panel) or 24 h (lower panel) after infection. The frequency of CD31+CFSE+ cells (gated on This work was supported bv NIH erant Al131219 and Al131905
CD31+CDA45- cells) was determined by flow cytometry. (A and D) representative dot plots, (B and E) frequency, and (C and PP Y 5 '

F) absolute number. Data from two independent experiments were pooled and are presented as mean £ SEM. Dots
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