OPEN

JAIDS Journal of Acquired |mmune Deficiency Syndromes Publish Ahead of Print
DOI: 10.1097/QA1.0000000000001382

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

The CSF immune response in HIV-1-associated cryptococcal meningitis:
macr ophage activation, correlates of disease severity and effect of antiretroviral

therapy
James E Scrivéri®* Lisa M Graharh Charlotte Schut?, Thomas J ScribaKatalin
A Wilkinson®’, Robert J Wilkinsoh*®’ David R Boulwar® Britta C Urban,

Graeme Meintjés*® David G Lallog?

. Clinical Infectious Diseases Research Initiativestitute of Infectious Disease

and Molecular Medicine, University of Cape Town, $8tvatory 7925, South

Africa

. Liverpool School of Tropical Medicine, L3 5QA, UK

. Wellcome Trust Liverpool Glasgow Centre for Globkétalth Research, L69

3GF, UK

. Department of Medicine, University of Cape Town &Biebote Schuur Hospital,

Observatory 7925, South Africa

. South African TB Vaccine Initiative, Institute ofnfectious Disease and

Molecular Medicine and Division of Immunology, Depaent of Pathology,

University of Cape Town 7925, South Africa

. Department of Medicine, Imperial College, London2 WPG, UK
. The Francis Crick Institute Mill Hill Laboratory,dndon, NW7 1AA, UK

. Department of Medicine, University of Minnesota, NBN455, USA



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Correspondence: James Scriven: jscriven@liv.ac\Wk]lcome Trust Centre for

Global Health Research, 70 Pembroke Place, Livérh68 3GF, UK

ADDITIONAL INFORMATION

Funding

This study was funded by the Wellcome Trust throagtraining fellowship to JS
(094013/B/10/Z). GM is supported by the Wellcomeuskr (098316), the South
African Medical Research Council and the South ¢ Research Chairs Initiative
of the Department of Science and Technology andoNalt Research Foundation of
South Africa (64787). CS, DRB, and GM receive supfrom the National Institutes
of Health (U0O1AI089244). RW receives funding fromedlical research Council
(U1175.02.002.00014.01), Wellcome Trust (104803)tidshal Research Foundation
of South Africa (96841), European Union (FP7-PEORAH1-IRSES and FP7-
HEALTH-F3-2012-305578). BU is supported by the Wethe Trust (079082). The
funders had no role in the study design, data cibdle, data analysis, data
interpretation, or writing of this report. The opns, findings and conclusions

expressed in this manuscript reflect those of titbas alone.

Conflicts of Interest

No authors have any conflicts of interest to declar

Presentations

These data was partly presented at the Conferend®etroviruses and Opportunistic

Infections, Seattle, 2015.

This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (CC BY), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



26
27
28

29

30

31

32

33

34

35

36

37

Abstract

Background: Immune modulation may improve outcome in HIV-asata
cryptococcal meningitis. Animal studies suggestratitively activated macrophages
are detrimental but human studies are limited. \&féopmed a detailed assessment of
the cerebrospinal fluid (CSF) immune response aadeed immune correlates of
disease severity and poor outcome, and the efbéetstiretroviral therapy (ART).
Methodology: We enrolled persornsl8 years with first episode of HIV-associated
cryptococcal meningitis. CSF immune response wsessagd using flow cytometry
and multiplex cytokine analysis. Principal comparemalysis was used to examine
relationships between immune response, fungal byidgacranial pressure and
mortality, and the effects of recent ART initiatiG+iL2 weeks).

Findings: CSF was available from 57 persons (median CD41B3#/CD206
(alternatively activated macrophage marker) wasesged on 54% CD14+ and 35%
CD14- monocyte-macrophages. High fungal burdenneéisissociated with CD206
expression but with a paucity of CD4+, CD8+ and &I148- T cells and lower IL-6,
G-CSF and IL-5 concentrations. High intracrania@gsureX30cmH20) was
associated with fewer T cells, a higher fungal leardnd large€ryptococcus
organisms. Mortality was associated with reducéerieron-gamma concentrations
and CD4-CDS8- T cells but lost statistical significe when adjusted for multiple
comparisons. Recent ART was associated with inece&@SF CD4/CD8 ratio and a
significantly increased macrophage expression a2@D

Conclusions: Paucity of CSF T cell infiltrate rather than altatime macrophage
activation was associated with severe diseaseVWdskociated cryptococcosis. ART
had a pronounced effect on the immune respon$e aite of disease.

Keywords: Cryptococcus; immune response; alterabtiactivated macrophages;
flow cytometry; fungal burden; raised intracrarpa¢ssure

INTRODUCTION

Host immunity is central to the pathogenesis ofptwgoccosis.Cryptococcus
neoformansis found widely in the environment and serologisaildies suggest
exposure is commar? The vast majority of infections are asymptomatithvihe
infecting organism contained within pulmonary gremas® However, when cell-
mediated immunity is impaired;. neoformangan disseminate throughout the body
resulting in  meningoencephalitis frequently comgiédd by high intracranial
pressuré. The majority of cases worldwide are associatedh Witv-1 infection and

cryptococcosis remains a leading cause of deathbrSaharan Africa’
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Impaired immunity also influences disease presmmiaand response to treatment.
Previous studies have shown that low CSF levelprofinflammatory cytokines
(interferony, interleukin-6 and interleukin-8) are associatethwa higher fungal
burden, slower clearance of infection and increasedrtality®® However,
cryptococcosis may also be complicated by an oxeberant inflammatory response
following the initiation of anti-retroviral therapfART). This is known as immune
reconstitution inflammatory syndrome (IRIS) andheit develops during the first
manifestation of cryptococcosis (unmasking IRIS)asra recurrence of meningitis
symptoms following successful anti-fungal treatm@eradoxical IRIS}® There are
increasing reports from sub-Saharan Africa of pésiedeveloping cryptococcal
meningitis after recently starting ART whether these cases represent unmasking
IRIS or a state of immune deficiency not yet regdrdy ART, has not been fully

elucidated.

Central to host immunity is the interaction betweeacrophages andryptococcus

The yeast is easily phagocytosed by macrophagesabutesist intracellular killing
through permeabilization of the phagosome membtaiéis enableryptococcus

to avoid immune surveillance and replicate withhre tcell, and may facilitate
migration to the central nervous syst&minfection is controlled following the
recruitment of IFNy producing CD4 T cells, stimulating macrophageséaome
classically (M1) activatetf However, macrophages may also become alternatively
activated (M2) due to stimulation by IL-4 or IL-13, state better suited to tissue
repair’® In animal models of cryptococcosis, alternativelgtivated macrophages

(identified by expression of CD206) along with a2Ti cell response were
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detrimental, resulting in uncontrolled fungal irtiea and death. By contrast,
classically activated macrophages and a Thl respamrse beneficial’ The role of
macrophage activation in determining outcome in &unidisease has not been

studied.

This study aimed to better understand the host inemasponse at the site of disease
in HIV-1-associated cryptococcal meningitis. Wefpened a detailed examination
of the CSF immune response using flow cytometry amimarker analysis and
concentrated particularly on the cellular immunspmise and the activation state of
monocyte/macrophages. We examined how this immunmengiype related to
markers of disease severity and clinical outcome. Qetter understand the
pathophysiology of ART-associated cryptococcal meiiis, we also examined the
effects of recent ART initiation<(2 weeks) on the CSF immune response. We
hypothesized that macrophages in the CSF of pensthscryptococcal meningitis
would express CD206, a marker of alternative atbwa and that the degree of
CD206 expression would be correlated with outcosueh that individuals with the
highest expression of CD206 would have the higlha@sgal burden and be more
likely to die. We also hypothesized that persowemdy started on ART would have a
more inflammatory CSF with lower macrophage CD2@@ression compared to

persons not taking ART.\
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METHODS

Participant recruitment and clinical care

A prospective cohort study was conducted in Capenl&outh Africa between April
2012 and July 2013. Ethical approval was obtainech fthe University of Cape Town
Human Research Ethical Committee (reference 408/28711/2013) and Liverpool
School of Tropical Medicine Research Ethics Coneritireference 11.92). All
participants provided written informed consent; fignmembers provided surrogate
consent for patients with impaired consciousnessis€cutive personsl8 years with

a first episode of HIV-1-associated cryptococcahmagitis (positive CSF culture or
cryptococcal antigen test) were enrolled withinhtgirs of presentation. Following
enrolment, clinical details were recorded and lumtancture (LP) performed for
management of CSF opening pressure and CSF samplodjtional LPs were
performed at attending physicians’ discretion tonage raised intracranial pressure.
Anti-fungal therapy comprised amphotericin B dedwglate 1mg/kg and fluconazole
800mg daily for 14 days, then fluconazole 400mdydfar 10 weeks, and 200mg
daily thereafter. Participants were followed foménths. ART was started at 4 weeks

if participants were not taking ART at enrolment.

CSF processing and analysis of immune response

CSF was transferred to the laboratory on ice armtgssed in real-time. Fungal
burden was measured using quantitative cultureesqusly described and recorded
as colony forming units per milliliter of CSF (CRulL).!® The remaining CSF was

centrifuged, the supernatant frozen at -80°C fdchi=d biomarker analysis, and the

cell pellet stained immediately for flow cytomeagalysis.
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Flow cytometry staining of CSF cells

CSF cells were incubated at 4°C for 30 minutes warthamine viability dye (AQUA,
Invitrogen, Carlsbad, CA); anti-CD45-PECYy5.5, &0b4-PECy7, anti-CD66b-PE,
anti-CD206-AF488, anti-HLADR-AF700, anti-CD163-AP(Biolegend, San Diego,
CA); anti-CD8-Qdot655, anti-CD14-Qdot605 (Invitrage anti-CD16-APCH7 and
anti-CD3-PacBlue (BD Biosciences, San Jose, CA).rifdgu optimization
experiments, additional cells were permeabilizedhwiml of PermWash (BD
Biosciences) and stained with anti-CD68-PE (Biotebeto better characterize
macrophages. FACS lysing solution (BD Biosciencess used to remove any
erythrocytes and the sample fixed using 2% parad@dehyde in flow buffer. Cells
were protected from light at all times and analyrethin 24 hours on a BD LSR
Fortessa Flow Cytometer using FACS-Diva softwar® (Biosciences). Note was
made of the total CSF volume and the sample wasim@chin its entirety with
forward scatter (FSC) threshold set at 5000 touslecldebris. Species appropriate
positive and negative compensation beads were asmig with ArC™Amine
Reactive Compensation Bead Kit to ensure accu@atgensation (BD Biosciences;
Invitrogen). Fluorescence minus one experiment@wseed during optimization steps
to ensure accurate gating as previously descfibddow cytometry data were
analysed using FlowJo version 9.5.3 (Tree Stawsoét, OR); gating strategy is
detailed inFigure 1. Flow cytometry allowed accurate identification apdantitation
of neutrophils, T cells (CD8+, CD4+, CD4+CD8+ an®4:=CD8-), and monocyte-
macrophages. Monocyte-macrophages were initiallgntiled as CD14+ cells
following the exclusion of neutrophils and T ce{tSD14+MM) [Figure 1: D]. A
second population of CD14- monocyte-macrophageslécidM) was also identified

with similar physical characteristics and CD68 egsion to CD14+MM (CD3-
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CD4+CD14-HLADR+) Figure 1: D, E1, E2]. Expression of CD206, CD163, CD16
and HLA-DR were measured on both CD14+ and CDl4naugte-macrophages
using median fluorescence intensity (MFI) and pelicentage expressing the marker
[Figure 1: E3-6]. HLA-DR expression was measured on all T cellssib. Some
participants were noted to have CD8 T cells witngicantly increased size (forward
scatter); these were termed “large T cellSgure 1. C2, C5]. NK cells were defined
as CD16+ cells following exclusion of neutrophileda monocyte-macrophages
[Figure 1: F]. Cryptococci were defined as CD45- cells.as destrated elsewher®:
Cryptococcussize was measured using forward scatter (FSC)arasabsolute

measurement and in relation to CD4+ T cells (FS@to/CD4).

Biomarker Analysis

Commercial multiplex assays were used to measuee cttncentrations of 23
cytokines/chemokines: Interleukin (IL)-1RA, IBLIL-2, IL-2R, IL-4, IL-5, IL-6, IL-

7, IL-8, IL-10, IL-12p70, IL-13, IL-17, granulocytand granulocyte-macrophage
colony stimulating factors (G-CSF and GM-CSF), tumaecrosis factor (TNF)
interferon(IFN)e, IFN-y, vascular endothelial growth factor (VEGF), chemek
ligand 2 (CCL2), CCL3, CCL4 and C-X-C chemokinealigl 9 (BioRad, Hercules,
CA,; Invitrogen). The concentrations of two solublarkers of macrophage activation
(sCD163 and sCD14) were measured using commerti&dA(R&D, Minneapolis,

MN).
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Data analysis

Baseline characteristics were summarized and ahlysing descriptive statistics as
appropriate. Data from flow cytometry and biomarkaralysis were combined
(resulting in a dataset of 89 variables [SupplemmgnData 1]) and analysed using
principal component analysis (PCA), a mathematieghnique used to simplify
complex datasets by examining them in terms ofreesef principal components
rather than individual variablés Prior to PCA, variables were log-transformed and
scaled such that the geometric mean equaled zeroaarance equaled one. Missing
values were imputed by K-nearest neighbours tededffqHeatmap analysis with
non-hierarchical clustering was performed as deedrielsewher®’ Variables were
filtered using statistical tests prior to incorpoya into PCA and cluster analysis such
that only variables with a statistically signifitaassociation with the dependent
variable were used. Four main dependent variabk® wxamined: fungal burden
(log10 CFU/mL CSF), high ICP (CSF opening presstB@cmH20), mortality (death
within 12 weeks) and recent ART initiation (<12 \ksgp Statistical significance was
defined as a p-value of <0.05 and g-value of leas 0.1 (g<0.1 is equivalent to a
10% false discovery rate (FDR) using the Benjarhiachberg procedure for
multiple-testing correctidi). Analysis was performed using Stata version $2até
Corp, College Station, Texas,) and Qlucore Omigsl&er version 3.0 (Qlucore AB,

Lund, Sweden).
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RESULTS

Participants

Sixty participants were enrolled, CSF flow cytorgetras performed on 57 (three had
insufficient CSF available for analysis). The me&dage was 36 years (interquartile
range (IQR) 30-43) and median CD4 count was 34s/pkll (IQR 13-76). The
cumulative case fatality rate was 23% at 2 weeld57) and 38% at 12 weeks
(21/56); one participant was lost to follow up afteospital discharge. Fifteen
participants were taking ART at enrolment (26%; gi these had clear evidence of
virological failure (detectable viral load afte6 months ART), and one later reported
non-adherence; eight participants were defined Recént ART” having either
initiated ART (n=6), or switched to second line ARiter virological failure (n=2) in
the 12 weeks prior to presentation (median 6 weeisg had clinical features

consistent with unmasking IR[S.

CSF flow cytometry.

A median of 7 mL (IQR 4.5-8) of CSF was availabler participant for flow
cytometry resulting in-a median of 108,000 cell@KI 30,877-294,500) per sample;
cell viability remained high (median 100%, rangel1@®%). CD8+ T cells were the
most abundant cell type (median 49.7% [IQR 30.Z24%3), followed by neutrophils
(11.9% [IQR 2.3-29.4%]), monocyte-macrophages @ 7AQR 3.1-14.1%]) and
CD4+ T cells (6.2% [IQR 3.7-9.6%]BSipplementary Figure 1. A]. Large T cells
comprised a median of 2.7% (IQR 0.93-4.55) of th@ltCD8 T cell population.
HLA-DR expression did not differ between large amokmal CD8 T cells [not
shown]. Both CD14+ and CD14- monocyte-macrophagigzressed a range of

activation markers including HLA-DR, CD206, CD16da@D163. A median of 54%

10
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(IQR 37-70%) CD14+ monocyte-macrophages and 35%R (1ZD-52%) CD14-
monocyte-macrophages expressed the surface mark&08C (consistent with

alternative activatiofi) [Supplementary Figure 1: B].

I mmune factor s significantly associated with high fungal culture burden

We first explored the correlation between CSF imenand baseline fungal burden.
12 variables that were significantly correlatedhMESF fungal burden (Pearson’s
correlation, p<0.05 and g<0.1) were entered intpriacipal component analysis
(PCA). To avoid the confounding effect of anti-fahtherapy, analysis was restricted
to 36 persons who had not received amphotericirt Bneolment. Flow cytometry
Cryptococcus counts were also removed due to the strong ctioelawith
quantitative fungal culture previously reported (83; P<.0001¥%). Participants with
higher fungal burdens clearly clustered togethea d&?CA plot with particularly low
scores for Principal component 1 (PCEdure 2: A]. Analysis of the variables
contributing to PC1 showed that the CSF of persmits high fungal burden was
characterized by significantly lower numbers of CBEells (CD4, CD8 and CD4-
CD8-) and NK cells, lower CSF concentrations of5lLH.-6 and G-CSF, and lower
expression of the neutrophil activation marker CB¥8@Figure 2: B]. CSF and blood
CD4 counts were closely correlated (Pearson’s R=06.001). Adjusting for blood
CD4 count reduced the number of variables that wsagmificantly negatively
correlated with fungal burden to only CSF CD4-CD8-cell numbers and IL-5
concentration (R=-0.51, P=.002, Q=.09 and R=-0B6,001, Q=.05 respectively).
There was no significant correlation between fungaiden and CD206 expression

(MFI) on CSF macrophages (P=.89).

11
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I mmune factor s significantly associated with high intracranial pressure

We next aimed to determine whether the raisedardraal pressure (ICP) observed
in cryptococcal meningitis might be associated wéthparticular CSF immune
response. To do this we compared participants veldoelvidence of high ICP at study
enrolment or at any time during their hospitaliaat{ICP~-30cm HO, n=35), to those
who did not develop high ICP (n=22). Participantsovexperienced high ICP clearly
grouped together on PCA and cluster analysis asupto their CSF characteristics
[Figure 3: A, C]. This difference was primarily due to significenthigher
Cryptococcuscounts in the CSF of subjects who developed h@@R klong with
increased size of th€ryptococcusmeasured by flow cytometry. In addition,
participants who developed high ICP had signifisafdwer CSF counts of CD4 T
cells, NK cells and CD4-CD8- T cells, and higheppmrtion of “large T cells”

[Figure 3: B].

Associations between CSF immune response and mortality

We then examined immune correlates of mortalityti€lpants who died by week 12
(n=22) had lower baseline CSF IFENzoncentrations compared to participants who
survived (n=34) (geometric mean 52 pg/mL (95%CI1B9) vs. 131 pg/mL (95%CI
97-176) respectively, p=0.032), and a decreasepiémrecy of CD4-CD8- T cells as a
proportion of CSF T cells and as a proportion oF@345 cells (geometric means
4.9% (95%CI 3.3-7.2) vs. 8.7% (95%C| 7.4-10.4), 862 and 3.1% (95%CI 2.2-
4.4) vs. 4.8% (95%CI 4.0-5.9), p=0.018, respecyivébupplementary Figure 2].
These findings lost statistical significance>Qql) when adjusted for multiple
comparisons. IFNFwas significantly correlated with the numbers d4=CD8- T

cells (Pearson’'s R=.31 P=.022), CD8 T cells (R=26,047), and NK cells (R=.35

12
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P=.001) but not CD4 T cells (R=.23, P=.092). Thesas no association between

macrophage CD206 expression and mortality (P=.26).

Effect of ART on CSF immune response during cryptococcal meningitis

Finally, to characterize the CSF immune phenotypART-associated cryptococcal
meningitis and understand the effects of recent ARiliation on the immune
response at the site of disease, we compared iparits not taking ART (n=43)
against those taking “Recent ART” (startétlihe ART or switched to™ line ART

in the 12 weeks prior to presentation, n=8). “Reéc&RT” was associated with a
significantly lower plasma HIV-1 viral load ‘and sificantly higher blood CD4
counts but no significant difference in CSF funbalden, opening pressure, white
cell count, or mortality Table 1]. Participants who had recently started/switched
ART clustered together on PCA and non-hierarchadtelr analysis according to their
CSF immune responsé&ipure 4: A, C]. In this analysis recent ART initiation was
associated with significantly higher proportions @6F CD4+ T cells and lower
proportions of CSF CD8+ T cells, along with sigeaintly increased expression of
CD206 on CD14+ monocyte-macrophages and increaga@ssion of CD206 and
CD16 on CD14- monocyte-macrophages suggestingasetk alternative activation
of macrophagedHgure 4: B]. The increase in CD4 T cells at the site of dsseaas

noticeably greater than that observed in the b[Gogplementary Figure 3].

We hypothesized that the effects of ART on macrgphactivation were mediated via
alterations in the HIV-1 viral load. This was supgpd by the observation of a
significant inverse correlation between HIV-1 vidakd in the blood and CD206

expression on CSF CD14+ monocyte-macrophages hotlthé whole cohort

13
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(Pearson’s R=-0.59, P<.001) and in an analysisicesd to participants who were not

taking ART (Pearson’s R=-0.57, P<.008upplementary Figure 4].

DISCUSSION

This study provides a comprehensive examinationthef CSF cellular immune
response in HIV-1-associated cryptococcal menmmgitiith particular reference to
CSF macrophage polarization. CD8 T cells wereptieelominant cell type followed
by neutrophils and CD4 T cells. This contrasts with CD4 T cell predominance
observed in healthy persons, but is consistent wiier studies of HIV-1-infected
persong’?® A number of cell populations were identified iret€SF that are not
commonly seen in blood and warrant further studyese included “large” CD8 T
cells (which may represent activated CD8 T ¢allSCD4-CD8- T cells (possibly a
mixture of yd T cells and invariant natural killer T cells asselved in other
neurological conditior’d®3, and €D14- monocyte-macrophages. CD206 expression
was commonly observed on both CD14+ and CD14- mgeeamacrophages in
keeping with previous work suggesting macrophagieptan alternatively activated

phenotype as HIV-1 disease progresses.

In contrast to animal studies, there was no asSoci@etween alternative activation
of CSF macrophages and fungal burdemnstead, high CSF fungal burden was
clearly associated with a paucicellular CSF immuesponse characterized by low
numbers of T lymphocytes (CD4, CD8 and CD4-CD8-l &K cells, along with
decreased CSF concentrations of IL-5, IL-6 and G~Clhis is consistent with Thai
studies that also observed significantly lower @miations of pro-inflammatory

cytokines (IL-6, IFN and TNF1) in subjects with higher CSF fungal burde®ur

14
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finding that CD4+ T cell counts in the CSF and ldl@ye closely correlated suggests
that the major factor determining fungal burden nsayply be HIV-1-associated
CD4 cell depletion. However, an alternative exptenmafor these findings is that
infiltration of immune cells into the CSF may bdiloited by the immunomodulatory
actions of the cell wall polysaccharide glucurororyannan (GXM) shed by the

large numbers of. neoformansvithin the central nervous systefi°

Raised intracranial pressure within the first 1¢sdavas significantly associated with
a higher baseline fungal burden, significantly &rgryptococci in the CSF (increased
FSC on flow cytometry) and decreased CSF CD4+ and-CDS8- T cell infiltrates.
Although the role of large CD8 T cells needs tduréher explored, our study did not
convincingly suggest that high ICP. occurs as alrefwa pathological inflammatory
response. These findings are similar to others detrating an association between
raised CSF opening pressure and greater CSF fuemganhtitative culture and
increasedCryptococcuscapsule size (measurex vivousing microscopy}’ ¢ Our
findings are therefore consistent with the condbpt raised intracranial pressure in
cryptococcal meningitis occurs predominantly dueletruction of CSF drainage by

huge numbers of encapsulated yeast rather thanlpgttel inflammatior?®

Fatal outcome was associated with reduced CSF ADB-O cells and IFNy

concentration. Although these associations loshifsignce when adjusted for
multiple comparisons, the findings are compatibléhwprevious studies showing
significantly slower fungal clearance and reducadisal in persons with lower CSF
IFN-y concentration8 The significant correlation between CSF Ind CD4-CD8-

T cells (but not CD4 T cells) suggest CD4-CD8 Tiebuld be an additional source

15
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of IFN-y. Given their presence was also associated witleddungal burden, further

study is warranted to determine their nature amdtfan.

Finally, to better understand the pathology of A&SBociated cryptococcal
meningitis (including unmasking IRIS) we performeth exploratory analysis
examining the effects of recent ART initiation dre tCSF immune response. Recent
ART initiation did not appear to influence the aalénumbers of cells in the CSF but
was associated with a noticeable increase in thE CB4/CD8 ratio, far more
prominent than the changes observed in the blotds & consistent with other
studies in asymptomatic persons with HIV-1 infectend patients with paradoxical
cryptococcal IRIS®? Recent ART was also associated with significanéigluced
activation of CD4 T cells (lower HLA-DR expressiorfewer large T cells and,
contrary to our hypothesis, a switch towards aaradttively activated macrophage
phenotype (significantly higher expression of CD2f6 both CD14+ and CD14-
monocyte-macrophag@s The strong negative correlation between plasriid-H
viral load and CD206 expression on CSF CD14+ MMneweparticipants not taking
ART caused us to hypothesize that ART-associatedatibons in macrophage polarity
may occur as a direct effect of HIV-1, with a prdkammatory classically activated
phenotype predominating in untreated HIV-1 infegtioshifting towards an
alternatively activated state (with increased CD2gpression) when ART is started.
This theory is supported by boith vitro andex vivostudies that have shown HIV-1
replication to be associated with significant deses in CD206 expressiéh'
Larger studies are now required to determine thecal implications of recent ART

initiation in cryptococcal meningitis.

16
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There are a number of limitations to this work. sTkhas an exploratory study of a
relatively small, heterogeneous, cohort and thdifigs will need to be confirmed in
larger studies. Comparisons with healthy contral$ ldIV-1-infected persons with no
CNS pathology would have been helpful but ethicasiderations limit access to
CSF without a clinical indication for LP. Real tinflew cytometry removed the
potential adverse effects of freezing on cell atton, but did preclude any ability to
repeat assays. We only used one marker of alteenaitivation (CD206) in our
antibody panel and the absence of CD56 means itdings regarding NK cells
counts must be verified in other cohorts. Finalyg were unable to assess the

contribution of resident microglial cells.

Despite these caveats, this exploratory study fdesvinovel findings regarding the
human immune response in cryptococcal meningitihatsite of disease. We have
provided a detailed characterization of the CSHtiafe, identified cell types not

commonly found in'the blood and assessed the aictivatate of CSF macrophages
ex vivo Although recent ART was associated with a sluWards an alternatively

activated macrophage phenotype, contrary to anstogies this did not appear to be
associated with severe disease or poor outcomt=athsa T cell infiltrate appears
central to the protective response. We concludedfiarts to augment this immune

response with pro-inflammatory agents warrant frrstudy.
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FIGURE LEGENDS

Figure 1. CSF flow cytometry gating. (A1) FSC-SSC plot of CSF cells after
exclusion of singlets, aggregates, Cryptococcustgeand dead cells. Cells with high
FSC noted (circled and marked *); (A2) neutropliggined as CD66+ and high SSC,;
(B) CD3 used to identify T cells; (C1) T cell sutssanalyzed using CD4 and CD8;
(C2) FSC-SCC view of T cells, “Large” T cells ciedl and marked *; (C3) HLA-DR
expression on CD4+ T cells; (C4) HLA-DR expressiom CD8+ T cells; (C5)
analysis of “large T cells” — majority comprise CB& cells; (D) Further gating on
non-T cells using CD14 and CD4 identifies monoayi@erophages. Population of
CD14- monocyte-macrophages are circled and marke(Et, E2) CD14 + and
CD14- monocyte-macrophages have similar physicatadteristics (FSC-SSC) and
similar expression of CD68; (E3, E4, E5, E6) Expras of CD206, CD163, HLA-
DR and CD16 (respectively) on CD14+ and CD14- MM) CD3-CD4-CD14-

CD16+ cells identified — likely NK cells.

Figure 2. Relationship between CSF immune response and fungal burden. (a)
PCA plot detailing distribution of participants acding to CSF immune response
after filtering for variables significantly corrééad with CSF fungal burden (p<0.05,
g<0.1). Axes represent the first three principahponents; % displays the degree of
total sample variability accounted for by componeRungal burden is indicated by
colour (scale at left of plot displays legCFU/mL CSF). Participants with a high
fungal burden (red, ~#GFU/mL) cluster together at the bottom of the pidtile
participants with low fungal burden (green @BU/mL) group together at the top.
(b) PCA plot of variables significantly correlatedth fungal burden that contributed
to the PCA. Position in PCA plot indicates the visiigg towards the first three

principal components; variables located in closexjpnity contribute similarly.
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Colour indicates direction of correlation with fuddoad (red — positive correlation,
green — negative correlation). Absolute cell couwarts expressed in cells /ml CSF
while relative counts are expressed as a percemtbigdt CSF leukocytes (%CD45
cells). Abbreviations: CD45 (leukocytes), DNT (dtamegative T cells, i.e. CD4-

CD8-), NK (Natural Killer cells), WCC (white cellbantjuL by microscopy), Lymph

(lymphocytegiL by microscopy), MFI (median fluorescence inteyisit

Figure 3. Differences in CSF immune response between participants who
developed high intracranial pressure during admission and those who did not.

(a) PCA plot showing distribution of participants aadolg to CSF immune response
after filtering for variables significantly asso®d with raised intracranial pressure
(ICP). Axes indicate the first three principal campnts. Participants who developed
high ICP during admissior>B0cm HO - blue) cluster together and broadly separate
from those who do not develop high ICP (<30csOH- yellow) according to CSF
characteristics(b) PCA plot illustrating the 12 variables that sigraitly differed
between the two groups and hence contributed t® @ (red — significantly greater
in subjects with high ICP, green — significantlywkr in subjects with high ICP
(p<0.05 and g<0.1)). Absolute cell counts are esged as cells/ml CSF; relative
counts are expressed either as a percentage of Gill45%CD45) or a percentage of
all flow cytometry events (%Total(c) Heat map illustrating non-hierarchal cluster
analysis of participants according to the samedriables detailed in (b). Participants
who develop high ICP during admission tend to eusitt the right end of the plot.
Abbreviations: ICP (intra-cranial pressure), Cryg@ryptococcus), FSC (forward
scatter, flow cytometry measurement of cell siga)pto/CD4 FSC (relative size of

Cryptococcus in relation to CD4 T cells), Largeldrde T cells as detailed in Figure
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1), DNT (double negative T cells, CD4-CD8-), WCCh{te cell count), Lymph

(lymphocyte count).

Figure 4. Principal component analysis (PCA) and non-hierarchical cluster
analysis examining effect of recent ART initiation on CSF immune response. (a)
PCA plot showing distribution of subjects accordiogCSF immune response.
Subjects who started taking ART in the previousvé2ks (blue dots) group together
and separate from subjects not taking ART (yell@tsl The participant with
unmasking IRIS is marked. (b) PCA plot displayiryvhriables that contributed to
the PCA. Plot position reflects variable weighting@ards the three principal
components: red dot (variable significantly inceshamong participants taking
ART); green dot (variable significantly decreasatbag participants taking ART).
Variables with similar contributions are positioniactlose proximity; those
correlated>80% are connected with lines. Statistical signifadefined as p<0.05
and g<0.1. (c) Heat map demonstrating non-hieraaticiuster analysis according to
CSF immune response. Subjects who started ARTeipitivious 12 weeks (blue
squares) group together due to similar expresditimecl 2 variables (rows) detailed
in (b). Expression of variable in relation to gednwemean is indicated by colour of
square (red — increased; green — decreadétyeviations: ART (anti-retroviral
therapy); %T (relative frequency as a percentagdl @SF T cells); %CD45 (relative
frequency as a percentage of all CSF leukocyteE);(mMedian fluorescence
intensity); CD14+ (CD14+ monocyte-macrophages) COCD14- monocyte-
macrophages); CD206+ %CD14- (proportion of CD14nouyte-macrophages
expressing CD206); HLADR %CD4 (proportion of CD4£4dlls expressing HLA-

DR).
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Table 1. Comparison of clinical and laboratory features at enrolment between

participantstaking effective ART and no ART (n=53).

Basdline Parameters Recent ART No ART P-value
(n=10) (n=43)
Age, years 32 (27-40) 37 (29-43) 0.369
Male 3 (30%) 25 (58%) 0.162
Blood CD4 count /uL 60 (45-85) 29 (12-67) 0.024
HIV-1viral load logs copies/mL 2.4(1.3-33) 5.3(51-56) <0.001
HIV-1 viral load <40 copies/mL 3 (30%) 0 (0%) 0.005
Altered consciousness 1 (10%) 9 (21%) 0.665
CSF opening pressure at Day 0 25 (12-31) 25 (16-40) 0.465
cmH>0
Max CSF opening pressure®, cmH-0 27 (24-33) 38 (22-50) 0.255
OP>30 cmH,0O 3 (38%) 26 (60%) 0.268
CSF white cells, /pL 8 (0-45) 21 (3-115) 0.227
CSF protein, g/L 0.73 (0.57-1.3) 0.97 (0.56-1.7) 0.502
CSF glucose, mmol/L 1.9 (1.5-2.7) 2.5 (1.7-3) 0.175
Fungal burden, log;o CFU/mL CSF 413.1-6.1) 4.7(3.5-5.5) 0.838
Death by Day 14 2 (20%) 11 (26%) 0.601

Data are numbers with percentages or median wigngoartile range (IQR). P-values

derived from Wilcoxon rank-sum or Fisher’s exact t&s appropriate.

®Recent ART defined as starting line ART or switching to second line ART in the

12 weeks prior to presentation.

PMaximum CSF opening pressure during first 14 ddyadmission



Abbreviations: ART (anti-retroviral therapy); CSgefebrospinal fluid); CFU (colony

forming units)

Copyright © 2017 The Author(s). Published by Wolters Kluwer Health, Inc.
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