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Background. Human immunodeficiency virus-infected patients with treated cryptococcal meningitis who start
combination antiretroviral therapy (cART) are at risk of further neurological deterioration, in part caused by paradoxi-
cal cryptococcosis-associated immune reconstitution inflammatory syndrome (C-IRIS). We hypothesized that C-IRIS
is associated with alterations of chemokine receptor expression on T cells and chemokine concentrations in cerebrospi-
nal fluid (CSF) that enhance recruitment of T-helper 1 cells and/or myeloid cells to the central nervous system.

Methods. 1In a prospective study of 128 human immunodeficiency virus-infected patients with cryptococcal men-
ingitis who received antifungal therapy followed by cART, we examined the proportions of CD4" and CD8" T cells ex-
pressing CCR5 and/or CXCR3, in CSF and whole blood and the concentrations of CXCL10, CCL2, and CCL3 in stored
CSF and plasma.

Results. The proportion of CD4" and CD8" T cells expressing CXCR3"CCR5" and the concentrations of CXCL10,
CCL2 and CCL3 were increased in CSF compared with blood at cART initiation (P <.0001). Patients with C-IRIS
(n=26), compared with those with no neurological deterioration (n = 63), had higher CSF ratios of CCL2/CXCL10
and CCL3/CXCL10 and higher proportions of CXCR3*CCR5"CD8'T cells in CSF compared with blood at cART initi-
ation (P = .03, .0053, and .02, respectively).

Conclusion. CD8" T-cell and myeloid cell trafficking to the central nervous system may predispose patients to
C-IRIS.
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HIV-infected patients with treated CM who start com-
bination antiretroviral therapy (cART) is a paradoxical
flare of CM-like symptoms and signs, termed paradoxi-
cal cryptococcosis-associated immune reconstitution
inflammatory syndrome (C-IRIS) [2].
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The pathogenesis of C-IRIS is unclear, but it is likely that dif-
ferent processes occur in the peripheral blood and in the
central nervous system (CNS). The brain parenchyma has been
considered an immune protected site, but it is immersed in ce-
rebrospinal fluid (CSF) that is produced by the choroid plexus
and circulates through the ventricles and subarachnoid space
[3]. Studies of cryptococcosis in mice demonstrate significant
differences in the cell phenotype and kinetics of the immune
response in the brain, blood, and spleen [4]. Examining factors
that contribute to pathogen entry and leukocyte infiltration
into the CSF is likely to contribute to an understanding of the
complex pathogenesis of human CM and C-IRIS.

Immunological responses to Cryptococcus spp. are character-
istically driven by T-helper 1 (Thl) cells, with CXCR3 and
CCR5 as homing receptors for effector T cells and natural killer
(NK) cells and interferon (IFN) y as the common effector mol-
ecule [5, 6]. CXCR3 is an inflammatory chemokine receptor
associated with CD4" Thl and CD8" cytotoxic T cells [7].
Murine models demonstrate that CXCR3 and its ligands regu-
late the migration of Thl cells into sites of Thl cell-driven
inflammation [8]. CCRS5 is also an inflammatory chemokine re-
ceptor expressed on activated T cells, and its expression on
brain microvascular endothelial cells increases blood-brain
barrier permeability [9]. Cryptococcosis in CCR5-deficient
mice leads to increased brain damage, swelling, cranial disten-
sion, and loss of neural tissue integrity [10].

The ligands for CXCR3 are the chemokines CXCL9,
CXCL10, and CXCL11 and the ligands for CCR5 are the che-
mokines CCL3, CCL4, CCL5, and CCL8, CCL11, and CCL13
[11, 12]. A small study examining HIV-infected patients with
different opportunistic infections in the CNS found that pa-
tients coinfected with CM had significantly higher CSF concen-
tration of CCL2, CCL3, CCL5, CXCL9, and CXCL10 than
patients without opportunistic infections in the CNS [13].
CXCL10 (also known as IFN-y-inducible-protein 10) is specific
for CXCR3. However, most other chemokines are redundant,
with multiple chemokines binding multiple chemokine recep-
tors and vice versa [12]. For example, CCL2 (also known as
monocyte chemoattractant protein 1) binds to CCR2 (expressed

on activated monocytes), but CCR2 is also the receptor for mul-
tiple other chemokines, including CCL7, CCL8, CCL12, and
CCL13 [11]. CCL3 (also known as macrophage inflammatory
protein 1o) binds to both CCR1 and CCR5 [11]. Chemokines
such as CXCL10 and CCL3 may be important in recruiting T
cells and NK cells, whereas both CCL2 and CCL3 may be impor-
tant in recruiting myeloid cells, such as monocytes and neutro-
phils, to the CNS in CM and changes in these chemokines and
chemokine receptors on T cells in the CNS and the periphery
may contribute to the pathogenesis of C-IRIS.

In a prospective, longitudinal study of HIV-infected patients
with CM who received antifungal treatment followed by cART,
we demonstrated distinct patterns in chemokine receptor expres-
sion and chemokine levels at the time of cART initiation, which
were consistent with enhanced CD8" T-cell and myeloid traffick-
ing to the CSF and associated with development of C-IRIS.

METHODS

Patient Samples

In a prospective clinical study based in Durban, South Africa [14],
130 HIV-infected, cART-naive patients experiencing their first
episode of CM were enrolled and treated with intensive anti-
fungal therapy (14 days of amphotericin 1 mg/kg/d) followed
by fluconazole (Figure 1); 106 patients began cART and were
followed up for 24 weeks. Matched CSF and plasma samples
were collected before and at the end of intensive antifungal
therapy (at a median of 1 day after cessation of amphotericin
therapy) and before initiation of cART. More blood samples
were collected after 4, 12, and 24 weeks of cART.

Symptoms and signs, such as worsening headaches, seizures,
confusion, visual change, or limb weakness, triggered consider-
ation of a neurological deterioration (ND) event; these events
were retrospectively analyzed and classified as probable C-IRIS,
possible-C-IRIS, ND without C-IRIS, or indeterminate, based
on predefined criteria [15]. Patients with probable or possible
C-IRIS (n = 27) were compared with those with no ND (n = 63)
[14]. All patients provided written informed consent, and the
protocol was approved by the University of KwaZulu-Natal
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Figure 1.

Timeline of blood and cerebrospinal fluid (CSF) collection in relation to antifungal therapy and combination antiretroviral therapy (CART).
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(BF053/09), Monash University (2009001224), and the Univer-
sity of Western Australia (RA/4/1/2541).

Reagents

R10 medium was made with 500 mL of Roswell Park Memorial
Institute 1640 medium without L-glutamine and supplemented
with 10 mmol/L L-glutamine, 50 mmol/L HEPES buffer, a pen-
icillin-streptomycin-fungizone mixture (50000 U/50 000 U/
125 pg; all from Lonza Walkersville), and 10% fetal calf serum
(PAA Laboratories). Red cell lysis buffer consisted of 7.7 g of
ammonium chloride and 0.84 g of sodium bicarbonate in 1L
of distilled water.

Chemokine Receptor Expression

The CSF samples were centrifuged at 750 g for 10 minutes, the
cell pellet was resuspended in 1 mL of R10, and 100 pL of
whole blood was lysed with 3 mL of red-cell lysis buffer. Cells
were stained with CD3 phycoerythrin-cyanine 7, CD4 peridi-
nin chlorophyll protein complex (PerCP)-cyanine 5.5, CD8
fluorescein isothiocyanate, CCR5 phycoerythrin, and CXCR3
allophycocyanin (APC) (BD Biosciences), incubated at 15
minutes in the dark at room temperature. Data were acquired
on a LSRII (BD Biosciences) flow cytometer with a recording
threshold of 30 000 CD3" T cells, using FACSDiva software v6
(BD Biosciences) and FlowJo software for analysis v7.6.4
(TreeStar).

Assay of CSF Chemokine Concentrations

Stored CSF and plasma were analyzed for CXCL10, CCL2, and
CCL3 concentrations using customized multiplex Bio-Plex Pro
assays according to the manufacturer’s instructions (Bio-Rad).
Samples were diluted 1:4. Levels were analyzed with a Bio-Plex
200 suspension array system using Bio-Plex Manager 5.0 soft-
ware. The CCL2/CXCL10 and CCL3/CXCLI10 ratios were
explored as a post hoc analysis to determine the relative contri-
bution of T-cell and myeloid cell chemoattractants in C-IRIS.

Statistical Analysis
Continuous variables were assessed for skew and summarized
using mean and standard error or median and interquartile
range (IQR) as appropriate and analyzed using either a ¢ test or
a Wilcoxon rank sum test. Immunological predictors for C-
IRIS that we identified were corrected for CD4" T-cell count
and CSF cryptococcal sterility at cART initiation, using quan-
tile median regression. Matched nonparametric data were
compared using Wilcoxon signed rank test. Predictors of time
to C-IRIS were analyzed using univariable Cox proportional
hazards regression. Reported P values were 2 tailed, and in
these analyses differences were considered significant at P <.05.
Overall differences for each variable were tested with the
Kruskal-Wallis statistic. If a significant difference was seen,
each pair of time points were tested separately using a

Wilcoxon rank sum test with Bonferroni adjustment, in which
differences were considered significant at P <.0083. All analyses
were performed using Stata v.12 (StataCorp) and GraphPad
Prism v5 software.

RESULTS

Patient Demographics

At enrollment, the median age of the patients was 33.5 years
(IQR, 28.8-39.3 years), and 57% were male. The median CD4"
T-cell count was 35 cells/uL (IQR, 9-77 cells/uL), and the
median plasma HIV RNA level was 5.2 log;, copies/mL (IQR,
4.7-5.7 logo copies/mL). Of 106 patients who began cART, 21
died. The median time duration of amphotericin therapy for
the cohort who began cART was 14 days (IQR, 14-15 days).

At initiation of cART, patients with C-IRIS (n=27) had
lower CD4" T-cell counts than those with no ND (n=63;
median, 16 [IQR, 6-53] vs 36 [IQR, 16-83] cells/uL; P=.02),
but there was no significant difference in age (P =.70), plasma
HIV RNA levels (P=.32), or CSF or serum cryptococcal
antigen levels (P=.95 and .76, respectively) [14]. The most
common clinical features of C-IRIS included headache (79.4%),
nausea or vomiting (64.7%), neck pain (38.2%), and seizures
(23.5%), and an analysis of the clinical risk factors for C-IRIS
in our cohort have recently been published [14].

Proportion of CXCR3*CCR5* CD4* and CD8* T Cells

and CXCR3"CCR5~ CD8" T cells in CSF After Intensive
Antifungal Therapy

We first explored the effect of intensive antifungal therapy on T
cells expressing CXCR3" or CCR5". In the CSF, after intensive
antifungal therapy, we demonstrated a decline in the CD4"/
CD8" T-cell ratio (P=.0001), an increased proportion of
CXCR3*CCR5" CD4" and CD8" T cells and CXCR3"CCR5~
CD4" T cells, and a decreased proportion of CXCR3“CCR5"
CD4"and CD8" T cells (all P < .0001; Table 1). In blood, we dem-
onstrated only an increase in the proportion of CXCR3"CCR5"
CD4" T cells (P =.002; Table 1).

Proportions of CXCR3*CCR5* CD4* and CD8* T cells and
Concentrations of CXCL10, CCL2, and CCL3 in CSF vs Blood
Before cART Initiation

To determine whether the CSF compartment displayed distinct
immunological responses compared with blood in HIV-infected
patients with treated CM, we assessed chemokine concentrations
and chemokine receptor expression on T cells in blood and CSF
collected at cART initiation (and at completion of intensive anti-
fungal therapy). The CD4"/CD8" T-cell ratio in CSF was sub-
stantially lower than in blood (all P <.0001; Figure 2A and 2B) ,
whereas concentrations of CXCL10, CCL2 and CCL3 were
higher in CSF (all P <.0001; Figure 2C).
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Table 1.

Antifungal Therapy in Blood and CSF Samples®

CD4*/CD8* T-Cell Ratios and Percentage Expression of CXCR3 and CCR5 on CD4* and CD8* T Cells Before and After Intensive

Blood CSF
Start of Therapy End of Therapy PValue Start of Therapy End of Therapy PValue
CD4*/CD8* T-cell ratio 0.31(0.06-0.62) 0.28 (0.09-0.72) NS 0.13(0.06-0.21) 0.05 (0.02-0.12) .001
Proportion of CD4* T cells, %
CXCR3*CCR5™ 12.6 (7.2-24.9) 12.5(4.5-20.2) NS 12.3(3.3-21.3) 20.5(9.0-34.3) <.0001
CXCR3*CCR5* 6.1(2.3-14.1) 4.2 (1.7-46.3) .002 18.5(7.5-39.2) 39.0(23.6-100.0) <.0001
CXCR3-CCR5* 15.4 (5.4-28.9) 14.5 (4.1-29.6) NS 22.9(12.0-36.8) 11.5(4.4-21.4) <.0001
Proportion of CD8* T cells, %
CXCR3*CCR5™ 11.0(5.1-17.0) 9.9 (6.1-16.2) NS 3.2(1.8-5.9) 4.3(2.0-7.9) NS
CXCR3*CCR5* 16.6 (10.3-31.7) 18.6 (11.4-28.0) NS 43.1 (26.6-56.9) 74.7 (62.0-85.1) <.0001
CXCR3™CCR5* 23.3(12.2-35.9) 27.4(17.8-37.5) NS 40.0 (30.0-52.8) 14.9 (7.0-25.0) <.0001

Abbreviations: CSF, cerebrospinal fluid; NS, not significant.
@ Values represent medians (interquartile ranges).

CD8" T-cell counts were higher in CSF than in blood, and
CXCR3" CCR5~ and CXCR37CCR5" CD8" T-cell counts were
higher in blood (all P <.0001; Figure 2E).

The proportions of CXCR3*CCR5" and CXCR3"CCR5~
CD4" T cells were higher in CSF than in blood, whereas
the proportion of CXCR3"CCR5"CD4" T cells was lower in
CSF than in blood (all P<.0001; Figure 2D). CXCR3"CCR5"
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Figure 3.

Expression of CXCR3 and CCR5 in CD4* (A) and CD8" (B) T cells in blood and concentration of the chemokines CXCL10, CCL2, and CCL3 in

plasma (C) before and after combination antiretroviral therapy (CART). Medians and interquartile ranges are shown. **P<.01; ***P<.001; ****P<.0001.

cART-Induced Changes in Chemokine Receptor Expression on

T Cells in Blood and Plasma Chemokine Levels

Longitudinal analysis of plasma chemokine levels and chemo-
kine receptor expression on T cells in blood over 24 weeks of
cART revealed that the proportion of CXCR3"CCR5~ and
CXCR3"CCR5" CD4" T cells increased in the first 4 weeks of
cART (Figure 3A), with no significant change in the proportion
of CXCR37CCR5"CD4" T cells. The proportion of CXCR3"
CCR57CD8" T cells also increased in the first 4 weeks of cART,
whereas the proportion of CXCR3'CCR5" and CXCR3~
CCR5'CD8" T cells decreased over 24 weeks (Figure 3B).
Plasma levels of CXCL10, CCL2, and CCL3 decreased over 24
weeks of cART (P <.0001, <.0001, and .001, respectively;
Figure 3C).

Proportions of CXCR3"CCR5* CD8" T cells in CSF and Blood and
Chemokine Ratios in CSF at cART Initiation in Patients Who
Developed C-IRIS

To determine immunological predictors of C-IRIS, we next
compared patients who developed C-IRIS and patients with no
ND. At cART initiation, patients who developed C-IRIS had
lower CD4*/CD8" T-cell ratios in blood and in CSF (P=.03
and .046) than patients with no ND, and the proportion of
CXCR3*CCR5" CD8* T cells were lower in blood (P =.03) but
not CSF (Table 2). Chemokine receptor expression on CD4" T
cells did not differ between groups. In a post hoc analysis, we
found that the CSF-blood ratio of CXCR3"CCR5"CD8" T cells
was higher in patients who developed C-IRIS than in those
with no ND (P =.02) (Figure 4A). Because we previously iden-
tified low CD4" T-cell counts and positive CSF cryptococcal
cultures at cART initiation as significant risk factors for C-IRIS

[14], we adjusted for both parameters and found that the asso-
ciation remained significant after correction for CSF sterility
(P =.04) but was of borderline significance after correction for
CD4" T-cell count at cART initiation (P = .052).

There were no differences in the concentrations of CXCL10,
CCL2, or CCL3 in plasma or CSF between patients with C-IRIS
and those with no ND (Table 2). To determine whether pa-
tients who later developed C-IRIS had a CSF chemokine re-
sponse associated with monocyte-macrophage activation, as
opposed to one associated with Thl lymphocyte recruitment,
we also examined the ratio of CCL2 and CCL3 to CXCLI10 in
CSF in a post hoc analysis. The CCL2/CXCL10 and CCL3/
CXCL10 ratios in CSF were higher in patients with C-IRIS than
in those with no ND (P =.02 and .005, respectively; Figure 4B);
this differences remained statistically significant after adjust-
ment for CSF sterility and CD4" T-cell count at cART initia-
tion. Longitudinal analysis after 24 weeks of cART revealed no
further differences between groups (data not shown).

Association With CSF Sterility and Post-cART Death
We also explored the relationship between chemokine receptor
expression and chemokine concentration with CSF sterility
and death after cART. Compared with patients who remained
cryptococcal culture positive (n = 55) at cART initiation, those
who achieved a negative CSF cryptococcal culture prior to initi-
ation of cART (n=51), had a significantly lower CSF CCL2
(P=.005), and CCL3 (P=.006) levels, lower CSF CCL2/
CXCL10 (P=.01) and CCL3/CXCL10 (P=.003) ratios, and
lower CSF CD8" T-cell counts (P =.04).

The patients who died after cART (n=21), had a signifi-
cantly higher CSF CCL2/CXCL10 ratio at cART initiation than
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Table 2. CD4*/CD8* T-Cell Ratios, Percentage Expression of CXCR3 and CCR5 on CD4* and CD8* T Cells, and CXCL10, CCL2, and CCL3
Levels in Blood and CSF Samples at cART Initiation in Patients With No ND and Patients With C-IRIS

Blood CSF
No ND C-IRIS PValue No ND C-IRIS PValue

CD4*/CD8* T-cell ratio 0.30(0.11-0.74) 0.14 (0.02-0.43) .03 0.06 (0.02-0.13) 0.02 (0.01-0.07) 046
Proportion of CD4* T cells, %

CXCR3*CCR5~ 12.6 (4.5-21.6) 10.8(2.9-17.3) NS 21.4(10.1-34.9) 15.9 (8.4-32.6) NS

CXCR3*CCR5* 4.4(1.8-8.9) 2.7(0.8-7.9) NS 38.7(20.5-51.8) 43.0(30.4-60.8) NS

CXCR3~CCR5* 12.3(3.8-31.0) 14.5 (3.1-34.0) NS 11.5(4.7-17.2) 16.5 (3.6-26.0) NS
Proportion of CD8" T cells, %

CXCR3*CCR5~ 9.9 (6.2-16.3) 11.4(5.9-17.1) NS 4.4(2.1-7.9) 4.2 (1.9-8.3) NS

CXCR3*CCR5* 21.4(13.8-30.0) 12.6 (10.4-25.8) .03 74.0 (60.0-83.9) 77.4(71.3-86.0) NS

CXCR3™CCR5* 26.3 (18.4-36.5) 27.2 (16.5-41.2) NS 15.0 (6.3-27.2) 11.0 (8.2-23.0) NS
CXCL10, pg/mL 3.0(1.8-5.0)x10°  2.5(1.8-4.8)x 10° NS 55(2.4-9.4)x10*  2.6(1.7-7.0) x 10* NS
CCL2, pg/mL 4.9(2.8-9.8)x10"  6.2(2.8-11.7) x10" NS 25(1.6-5.1)x 102  4.4(2.0-11.7) x 10? NS
CCL3, pg/mL 1.8(0.1-19.1) 1.7 (1.0-7.8) NS 7.1(4.2-15.7) 12.7 (6.6-242.8) NS

Abbreviation: cART, combination antiretroviral therapy; C-IRIS, cryptococcosis-associated immune reconstitution inflammatory syndrome; CSF, cerebrospinal fluid;

ND, neurological deterioration; NS, not significant.
@ Values represent medians (interquartile ranges).

those who survived to 24 weeks after cART (n=85; P=.03),
but CSF CCL3/CXCL10, chemokine levels, and chemokine re-
ceptor levels did not differ significantly between the 2 groups.

DISCUSSION

In the current study, we showed that after intensive antifungal
therapy of HIV-infected patients with CM, in CSF there is en-
richment for CD4" and CD8" T cells coexpressing CCR5 and
CXCR3, and CD8" T cells predominate over CD4" T cells. In
addition, concentrations of CXCL10, CCL2, and CCL3 were

higher in CSF than in plasma. After intensive antifungal
therapy and before cART initiation, patients who subsequently
developed C-IRIS exhibited increased CCL2/CXCL10 and
CCL3/CXCL10 ratios in CSF, independent of baseline CD4" T-
cell counts, and an increased proportion of CXCR3"CCR5"
CD8" T cells in CSF relative to blood. These associations were
independent of Cryptococcus-positive CSF cultures at the time
of cART initiation, an important clinical risk factor for C-IRIS
[15]). In light of our previously reported findings that crypto-
coccal-specific CD4" T-cell responses are lower in patients who
subsequently develop C-IRIS [16], we suggest that a combination
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of lower CD4" T-cell responses and higher CD8" T-cell or
monocyte-macrophage responses to cryptococci in the CSF are
risk factors for C-IRIS.

We showed that CD4" and CD8" T cells in the CSF are
greatly enriched for CXCR3 expression during acute CM, a
finding that persists after antifungal therapy. Recruitment of ef-
fector T cells into the CNS is a key host response to cryptococ-
cal infection, but this may also contribute to further CNS
damage. CNS inflammation may contribute to cerebral edema
and lead to intracerebral hypertension and seizure activity. In ani-
mal models of lymphocytic choriomeningitis [17], herpes simplex
virus encephalitis, and cerebral malaria [18], CXCR3-deficient
mice demonstrated a failure of migration of activated CD8" T cells
from the meninges into the brain parenchyma contributing to a
reduction in mortality. In children with cerebral malaria, higher
CSF CXCL10 levels were associated with increased mortality [18].
CXCR3 antagonists that inhibit the CXCL10-CXCR3 axis (thereby
interfering with lymphocyte transmigration) are in preclinical and
clinical development [19, 20] and may be a potential therapeutic
strategy in HIV-associated CM [21].

CD4™ T cells in CNS are essential for leukocyte recruitment
and cryptococcal clearance [22]. Previous studies have shown
that a reduction in the CSF T-cell CD4/CD8" ratio is seen
early in HIV infection and is more marked in CSF than in
blood [23]. We showed clear enrichment of CXCR3*CCR5"*
CD8" T cells in the CSF after antifungal therapy. Entry of leu-
kocytes and chemokines into the CSF is probably facilitated by
ongoing inflammation and breakdown in the blood-brain
barrier by both cryptococci and HIV.

An increase in the CSF-blood ratio for effector CD8" T cells
may also contribute to C-IRIS, independent of CSF sterility at
cART initiation. A predominance of CD8" T cells in the CNS
in toxoplasmic encephalitis-IRIS [24] and progressive multifo-
cal leukoencephalopathy-IRIS [25] has been previously report-
ed, lending weight to the importance of CD8" T cells in the
pathogenesis of IRIS in the CNS. Previous studies of HIV-CM
have shown that patients who develop C-IRIS have lower levels of
tumor necrosis factor o, IFN-y, interleukin 8, eotaxin, and inter-
leukin 6 in the CSF before beginning cART than patients without
C-IRIS [26], and higher levels of CSF IFN-y have been shown to
be associated with improved rates of fungal clearance [27].

Infected monocytes as a “Trojan horse” bearing Cryptococcus
spp., are critical to CNS neuroinvasion [28] and may also be
important in the pathogenesis of C-IRIS. Barber et al [29] have
recently suggested a new model of mycobacterial IRIS, wherein
the uncoupling of innate and adaptive immune responses
during mycobacterial infection in the absence of CD4" T cells
sets the stage for hyperactivation of innate immune cells when
antigen-specific CD4" T-cell numbers are later restored after
cART. Although patients who developed C-IRIS did not exhibit
elevated levels of the chemokines CCL2 and CCL3, which both
bind to receptors expressed on monocytes, CD4" memory T

cells, and NK cells [30, 31], we did observe increased CCL2/
CXCL10 and CCL3/CXCL10 CSF ratios. Given that CCL2 and
CCL3 are chemotactic for monocytes, macrophages, neutro-
phils, and T cells, whereas CXCL10 is chemotactic only for
CXCR3" lymphocytes, one interpretation of our data is that pa-
tients who develop C-IRIS exhibit a relative abundance of che-
mokines that promote monocyte and neutrophil infiltration
into the CSF.

Novel antagonists of CCR2—the receptor for CCL2—are in
development [32] and have been tested in murine models [33]
but not yet in humans with CNS conditions. Results were re-
cently presented for a phase II study of the CCR2 and CCR5
antagonist, cenicriviroc, in combination with tenofovir and em-
tricitabine in HIV-infected patients, showing evidence of both
antiviral and anti-inflammatory activity [34]. Details of CNS
penetration efficacy of cenicriviroc are not available, but based
on our data, we suggest that clinical trials of cenicriviroc could
be considered in HIV-CM-coinfected, cART-naive patients,
incorporating immunological markers identified in our study.
Although findings of a recent study [35] suggested the addition
of maraviroc, a CCR5 antagonist, did not reduce IRIS occur-
rence or severity, enrollment was not targeted at patients with a
recent opportunistic infection. Evaluation of cenicriviroc may
be warranted in patients with a specific opportunistic infection,
such as CM.

Although ours is the largest prospective single-site study of
HIV-CM coinfection that also examined compartmentalization
of immune parameters in the CSF longitudinally, it has some
limitations. First, because we did not include controls with HIV
monoinfection or CM monoinfection and healthy controls, we
were unable to clearly attribute whether the changes we noted
were secondary to CM, HIV, or both. However, sample collec-
tion after sequential treatment of cryptococcus and HIV
allowed us to determine changes after control of each pathogen.
Second, our chemokine panel was focused but small. A systems
biology approach to define novel pathways that are uniquely
up- or down-regulated in C-IRIS may be useful in the future.
Third, we did not specifically examine monocyte subsets or
activation. Other CNS plasma biomarkers that could be con-
sidered in future studies include neopterin, which is predomi-
nantly produced by monocytes and macrophages; neurofilament
light chain protein as an indicator of axonal injury [36]; solu-
ble CD163, a marker of macrophage activation [37]; and HIV
RNA in CSF, as a measure of local HIV infection. Neuroimag-
ing markers may also be of interest [38]. Finally, given that
cryptococcal infection of the CNS is a spectrum of meningo-
encephalitis, cryptococcomas, arachnoiditis, and vasculitis, our
CSF findings were not representative of changes in the brain
parenchyma. Clearly, however, brain biopsies were not feasible
in this setting.

In conclusion, we demonstrated that CM in HIV-infected
patients is characterized by enrichment of CSF for T cells
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expressing CXCR3 and/or CCR5 and increased CSF concentra-
tions of CCL2, CCL3, and CXCL10 compared with blood. A
higher CSF-blood ratio of CXCR3"CCR5"CD8" T cells and a
higher ratio of CCL2/CXCL10 and CCL3/CXCL10 in the CSF,
was seen at cART initiation in patients who developed C-IRIS.
A higher CSF CCL2/CXCL10 ratio was also associated with
persistent cryptococcal culture growth and death after cART.
We suggest that CD8" T-cell or myeloid cell responses to cryto-
cocci in the CNS may facilitate migration of cells to the CNS
and predispose to C-IRIS. Examination of blood and CSF che-
mokines and T-cell chemokine receptor expression before the
initiation of cART could potentially identify patients at highest
risk of C-IRIS. Finally, blocking the recruitment of inflammato-
ry cells into the CSF through inhibition of CCR2, CCR5, or
CXCR3 may provide new approaches to reduce the incidence of
C-IRIS and should be considered for evaluation in future ran-
domized controlled trials.
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