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HIV-specific T-cell responses detected in the genital tract of
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Introduction

Virus-specific CD8" T cells contribute to viral control by
directly killing virus-infected cells, secreting antiviral fac-
tors, and secreting factors that recruit other cells of the
immune system.'” Although virus-specific T cells are
often measured by limited parameters, such as interferon-
7 (IFN-y) and/or interleukin-2 (IL-2) secretion, T cells
are capable of secreting a broad range of cytokines and
chemokines; T cells capable of simultaneous secretion of
multiple cytokines are referred to as polyfunctional.® In
addition to being able to secrete multiple cytokines and
exhibit multiple functions, polyfunctional T cells have

been shown to produce more of each individual cytokine
1779

per cell than a monofunctional cel
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and be associated

Abstract

HIV-specific T cells that produce interferon-y (IFN-y) are present in the
genital tract of HIV-infected women although these do not provide pro-
tection against genital HIV shedding. Because polyfunctional HIV-specific
T cells have been implicated in better HIV control than those with a sin-
gle function, this study aimed to investigate whether polyfunctional T
cells were present at the female genital mucosa. Cervical cytobrush-
derived T cells were obtained from chronically HIV-infected women and
compared with blood. CD3" T cells from both compartments were
expanded with Dynal anti-CD3/CD28 expander beads for 14 days and
flow cytometry was used to evaluate four T-cell functions (CD107a, IFN-
y, tumour necrosis factor-a and macrophage inflammatory protein-1p)
from 16 women. The majority of Gag-specific T-cell responses in the
female genital tract were monofunctional, although low frequencies of
HIV Gag-specific polyfunctional CD8" T cells were detected at the cervix
in 81-3% (13/16) of women. The ability of CD8" T cells at both the cervix
and in blood to express CD107a and to exhibit polyfunctional responses
(two or more functions) following Gag stimulation was inversely associ-
ated with plasma viral load and positively associated with blood CD4
counts, suggesting that clinical status impacted on the functionality of
HIV-specific T cells at the mucosa, in a similar way to blood. HIV Gag-
specific cervical T cells were largely monofunctional. Polyfunctional T
cells were detected at the cervix in women with high blood CD4 count
and low plasma viral load but these did not protect from HIV genital
shedding.

Keywords: cervical cytobrushes; HIV; mucosal; polyfunctional; T-cell
expansion.

with better control of HIV in blood.*'®!! In addition,
polyfunctional HIV-specific T cells have been reported at
mucosal sites such as bronchoalveolar sites'* and gastro-
intestinal tract.>"'?

Despite recent suggestions that the magnitude of poly-
functional cells correlate positively with HIV clinical sta-
tus,’® it is unclear whether better clinical status of
individuals results in preservation of polyfunctional
responses or whether polyfunctional responses result in
better clinical outcome.'>"® Moreover, there is little
information about T-cell polyfunctionality in the female
genital tract and this is critical because it is the major
route of infection driving the pandemic worldwide.

Most studies that have investigated ex vivo phenotypic

and functional qualities of genital immunity'®"'® were
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hampered by low cell yields, making the development of
methods to expand immune subsets in vitro for more in
depth studies of mucosal HIV immune responses an
important goal.'”* Cervical cytobrush sampling of the
female genital tract classically yields few cells,">** making
thorough immunological analysis difficult. In addition, T
cells derived from the female genital tract are predomi-
nantly antigen-experienced and highly differentiated, with
effector memory T cells being the most predominant sub-
set at the cervix.”> We have previously explored in vitro
polyclonal expansion to improve genital tract cytobrush-
derived T-cell yields.”>**

We compare the frequencies of Gag-specific T-cells that
are capable of polyfunctional effector functions from
expanded cervical and blood-derived T-cell lines from
HIV-infected women. Flow cytometry was used to simul-
taneously assess the frequency of expression of CD107a,
IFN-y, tumour necrosis factor-a (TNF-«) and macrophage
imflammatory protein-1 # (MIP-1f) by CD8* and CD4"
T cells in response to HIV Gag stimulation. The relation-
ship between specific functions and polyfunctionality with
protection from HIV shedding in the genital tract and
markers of HIV disease progression were evaluated.

Materials and methods

Study participants

Sixteen chronically HIV-infected women were recruited
from the Nyanga Day Hospital in Nyanga, Cape Town,
South Africa for this study. Women who were menstruat-
ing at the time of sampling, who were post-menopausal
or who had undergone a hysterectomy were excluded
from the study. Syndromic management of sexually trans-
mitted infections was followed in this study and all
women with vaginal discharge, visible ulcers or genital
warts were excluded from further study. All women gave
written informed consent, and the Research Ethics Com-
mittee of the University of Cape Town approved all
aspects of the study.

Collection and processing of specimens

Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Histopaque density gradient centrifugation
(Sigma-Aldrich, Egham, Runnymede, UK) from 40 ml
whole anticoagulated blood using LeucoSep® tubes (Gre-
iner Bio-one, Frickenhausen, Germany). A single Digene
cervical cytobrush was collected from the genital tract of
each woman under speculum examination.'®*"*>® Cervi-
cal cytobrushes with visible blood contamination were
discarded.” Cells were processed within 4 hr of collection
by flushing the cytobrush ~ 30 times with R10 medium
[RPMI-1640 medium, supplemented with 10% human
AB serum, 5 mMm L-glutamine, 50 U/ml penicillin and
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50 pg/ml  streptomycin  (GIBCO Invitrogen, Carlsbad,
CA) and 2 mg/ml fungin® (Invivogen, San Diego, CA)].
The absolute number of CD3" T cells in each cytobrush
sample was counted using a Guava automated cell coun-
ter (Guava Technologies, Hayward, CA).*' Viability of
cervical mononuclear cells was determined by Trypan
staining (Sigma-Aldrich, Irvine, UK).

Determination of viral load in cervical supernatant and
plasma

Viral load was determined in cervical supernatants and
plasma samples using Nuclisens Easyq HIV-1 Version 1.2
(Biomerieux Clinical Diagnostics, Marcy I’Etoile, France).
The detection limit of this assay was 50 copies/ml. The
cervical supernatant fraction was obtained following
flushing of the cervical cytobrush 30 times with 3 ml of
transport medium and removal of cells by centrifugation
(250 g for 10 min).

Polyclonal expansion of cervical and blood-derived T-cell
lines

Cervical cytobrush-derived T cells were expanded with
Dynal anti-CD3/CD28 (T-cell expander; Invitrogen Dynal,
AS, Oslo, Norway)?’ in the presence of IL-2, IL-7 and IL-
15 Dynal magnetic beads (Dynabeads® coated with
anti-CD3 and anti-CD28 antibodies) were added to wells
at a 1 : 1 bead to cell ratio in a final volume of 200 ul/
well (cell suspension + R10 medium). Recombinant IL-2
(200 TU/ml; National Institutes of Health AIDS Reagent
Repository, Germantown, MD), IL-7 (20 ng/ml; R&D
Biosystems, Minneapolis, MN) and IL-15 (20 ng/ml;
R&D Biosystems) were added to cultures. The PBMC
were added at 1 x 10° PBMC/well in R10 medium and
expansion was performed in triplicate. Cervical cells were
resuspended in R10 at 0-5 x 10° to 1 x 10° cells/ml and
added to each well at 100 ul/well. Cervical and blood cells
were cultured in 5% CO, at 37° for 14 days and fresh
R10 medium with cytokines was replenished every 2 days.
When the cell density exceeded 2 x 10° cells/ml, cultures
were split to a density of 0-5 x 10° cells/ml. T-cell yields
were determined as described above.

Flow cytometry to detect intracellular polyfunctional
T-cell responses

The phenotype and function of Gag-specific T-cell
responses was measured using the following antibodies:
CD3-allophycocyanin-H7,  CD4-Peridinin  chlorophyll
protein-Cy5.5, CDI107-FITC, TNF-a-Cy7-phycoerythrin
(PE), MIP-1f-PE, IFN-y-AlexaFluor 700 (all BD Bio-
sciences, San Diego, CA), CD8-quantum dot (QD) 605
(Invitrogen, Carlsbad, CA), CD14-PacBlue (Dump chan-
nel; BD Biosciences San Diego, CA), and CD19-PacBlue
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(Dump channel; Invitrogen, Carlsbad, CA). ViVid (Invi-
trogen Molecular Probes, Eugene, OR) was included in
the staining protocol. All antibodies were pre-titrated to
optimal concentrations. Expanded cervical and blood-
derived T-cell lines were deprived of IL-2, IL-7 and IL-
15 for 24 hr before stimulation with 121 HIV subtype
C Gag peptides (15-mer overlapping by 11 amino
acids; provided by the National Institutes of Health
AIDS Reagent Repository Program; 1 ug/ml). PMA
(0-1 pg/ml)/ionomycin (0-1 pug/ml) and unstimulated
cells were used as positive and negative controls,
respectively. Stimulations were performed in the pres-
ence of DNase I, co-stimulatory factors [anti-CD49d
(1 pug/ml), anti-CD28 (1 pg/ml)], brefeldin A (0-5 ug/
ml) and monensin (10 pg/ml) (Sigma Aldrich). In
addition, anti-CD107a-FITC antibody (5 pl) was
included in each stimulation tube. With the exception
of PMA, cells were stimulated with antigen for 16 hr at
37° in 5% CO, (Thermo Electron Corporation, Mari-
etta, OH). For PMA/ionomycin stimulation, cells were
incubated for only 4 hr. This was followed by surface
staining with anti-CD19-Pacific Blue, anti-CD14-Pacific
Blue, anti-CD8-Qdot 605, anti-CD4-Peridinin chloro-
phyll protein-Cy5.5, as well as ViVid. Cells were then
fixed and permeabilized at room temperature for
20 min using Cytofix/Cytoperm buffer (BD Biosciences)
and stained intracellularly with anti-CD3-allophycocya-
nin-H7, anti-IFN-y-AlexaFluor 700, anti-TNF-o-PE-Cy7
and anti-MIP-1$-PE. Samples were acquired on an
LSRII (BD Biosciences) with FACSpiva software version
6.0 (BD Biosciences). The number of events collected
ranged between 200 000 and 1 000 000 for both blood
and cervix. Data analysis was performed using FrowJo
v8.8.6 (Tree Star, Ashland, OR). Dead cells (ViVid),
monocytes (CD14") and B cells (CD19") were excluded
from the analysis. The gating strategy used is shown in
Fig. 1. Responses were background-subtracted using
unstimulated cells, and are expressed as net percentage
response. Fluorescence minus one controls were used to
set gates. SPICE software’® was used to represent poly-
functional data. Polyfunctional responses were defined
as the total of 2", 3" and 4" functions in blood and at
the cervix of CD8" T cells.

Statistical analysis

Statistical analyses were performed using GRAPHPAD Prism
5% (GraphPad Software, San Diego, CA). Mann-Whitney
U-test was applied for independent sample comparison,
the Wilcoxon Ranks test was used for matched non-
parametric comparisons and Spearman Ranks correlation
was applied for correlation comparisons. The false discov-
ery rate step-down procedure was used to reduce
false-positive results when performing multiple compari-
sons.”’ P-values < 0-05 were considered significant.
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Results

Sixteen chronically HIV-infected women were included in
this study (Table 1). Thirteen women were naive to anti-
retroviral therapy whereas three had recently started tak-
ing highly active anti-retroviral therapy (HAART). Their
median age was 35 years [interquartile range (IQR) 33—
37] and their median CD4 cell count was 311 cells/ul
(IQR 262-442). Women had a median log plasma viral
load of 39 RNA copies/ml (IQR 2-9-5-0). The majority
of women were also shedding HIV in their genital secre-
tions with 13/16 (81-3%) having detectable HIV RNA
[3:6 log RNA copies/ml in cervical secretions (IQR 1-1—
4-1)]. HIV load in plasma was found to significantly pre-
dict the amount of HIV detected in genital secretions in
this study (p = 0-75, P = 0-0008).

Polyclonal expansion of HIV-specific T cells from the
female genitals

Cervical T cells were expanded for 14 days with Dynal
beads in the presence of IL-2, IL-7 and IL-15 to improve
mucosal CD3" T-cell numbers.”> While a median of
0-11 x 10° cervical mononuclear cells was obtained ex
vivo (Table 2), this number increased 15-fold following in
vitro expansion, to yield a median of 1-8 x 10° cells after
14 days. The PBMC lines showed a significantly greater
fold increase in T-cell numbers in comparison to matched
cervical lines after 14 days of expansion (29-fold versus
15-fold; P = 0-0006) (Table 2). Ex vivo cervical mononu-
clear cell viability ranged from 88 to 92% (with a median
of 90%) whereas PBMC viability ranged from 98 to 100%
(median of 99%). Following expansion, the median via-
bility of cervical lymphocytes was 85% (ranging from 80
to 90%) whereas expanded blood median viability was
92% (ranging from 88 to 97%).

Impact of expansion on the frequency and functional
profile of Gag-specific T cells

We have previously shown that short-term in vitro expan-
sion with Dynal beads improves T-cell yields but does
not significantly alter either the magnitude of Gag-specific
IFN-y responses, or the Gag regions targeted.23 Because
polyclonal expansion of T cells may introduce expansion
bias with certain T-cell functional clonotypes potentially
out-competing others, the effect of short-term expansion
with Dynal anti-CD3/28 T-cell expander beads following
stimulation with HIV peptides on the range of T-cell
functions to be studied was evaluated before and after
expansion in matched PBMC (see Supplementary mate-
rial, Fig. S1). The total magnitude (sum of all four func-
tions) of CD8" and CD4" T-cell responses to Gag was
stable before and after short-term expansion. CD8" T
cells in blood predominantly expressed CD107a in

© 2013 John Wiley & Sons Ltd, Immunology, 139, 342-351
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Figure 1. Gating scheme used for polychromatic flow cytometry of HIV Gag-specific T-cell responses in the female genital tract and blood. Cells

were first gated on singlets, live cells and then lymphocytes. From this gate, CD3" cytokine-producing T cells were gated, and then further gated

on CD4" and CD8" T cells. Gates for each of the four functions were set based on fluorescence minus one and the negative control and were

kept constant for all samples analysed. Data analysis was performed using FLowJo v8 8 6.

response to Gag stimulation (Fig. S1), irrespective of
whether they had been expanded or not. In contrast,
MIP-18 production dominated HIV-specific CD4" T cells
before expansion, whereas IFN-y was the major cytokine
produced after expansion. The net frequency of CD107a*
responses by expanded CD8" T cells in blood was signifi-
cantly lower than responses detected before expansion
(P =0-009), although CD107a continued to dominate
CD8" T-cell responses to Gag after expansion and fre-
quencies of CD8" T cells expressing CD107a in response
to Gag were significantly positively correlated before and
after expansion (p = 0-55; P = 0-03; Spearman Rank test).
None of the other cytokines (IFN-y, MIP-1f and TNF-a)
produced in responses to Gag were significantly different
before and after expansion of matched PBMC.

The impact of expansion on the frequency of polyfunc-
tional T-cell responses to Gag was investigated. HIV Gag-
specific CD8" and CD4" T-cell responses in blood from
these chronically HIV-infected women were predomi-
nantly monofunctional with a median of 22% of CD8" T
cells and 4% of CD4" T cells exhibiting more than one

© 2013 John Wiley & Sons Ltd, Immunology, 139, 342-351

functional response to Gag and three of 16 (18-8%)
women exhibiting four functional T-cell responses (data
not shown). In vitro expansion did significantly alter the
magnitude or functionality of responses detected com-
pared with unexpanded responses.

Comparison of cervical and blood functional
responses to Gag

To investigate how local responses within the female gen-
ital tract compare with those found in blood, the overall
functionality of Gag-specific CD8" and CD4" T-cell
responses detected at the cervix after expansion of T cells
were compared with those detected in matched blood
T-cell lines (Fig. 2). The total magnitude of CD8"
Gag-specific T-cell responses detected at the cervix was
significantly higher than those detected in matching blood
T-cell lines (P = 0-004). Of the individual functions mea-
sured, CD107a expression was the predominant response
detected in Gag-specific CD8" T-cell responses from both
compartments (Fig. 2b), although higher frequencies of

345



A. Bere et al.

Table 1. Clinical status

Viral load
(Log RNA
CD4 copies/ml)

PID Age count genital tract Plasma
1 39 290 3.7 39
2 37 242 42 5-0
3 38 428 22 27
4 35 200 3-4 52
5 32 512 1.7 1.7
6 37 277 2-8 33
7 33 332 43 3-8
8 38 442 41 39
9 33 599 1.7 1.7

10 36 263 2:1 3.7

11 28 407 3.5 41

12 27 442 41 50

13 34 258 41 51

14 33 265 47 52

15 35 534 1.7 1.7

16 37 172 40 42

Median 35 311 36 39

(IQR) (33-37) (262-442) (1-1-4-1) (2:9-5-0)

cervical CD8" T cells expressed CD107a than blood CD8"
T cells (Fig. 2a; P = 0-007). Similarly, the frequency of
MIP-1§ expression by Gag-specific CD8" T cells at the
cervix was significantly higher than that detected in blood

(P = 0-03). Although the frequency of cervical Gag-spe-
cific CD8" T-cell responses was higher than in blood,
both blood and cervix showed similar cytokine response
profiles (Fig. 2B). In addition to expressing CD107a and
producing IFN-y and MIP-18, Gag-specific CD4" T cells
at the cervix and in blood also produced TNF-a (Fig. 2c,
d). FPurthermore, blood and cervical CD4" T cells
responded similarly to Gag with all four functions being
detected (Fig. 2d), and IFN-y being the predominant
cytokine detected in both compartments.

Impact of HIV clinical status on T-cell cytokine
responses in blood and at the cervix

We then went on to evaluate whether plasma viral loads
were associated with dominance of any particular func-
tion in blood or at the cervix. We found that CD107a
expression in blood significantly predicts CD107a at the
cervix (P =0-002 for CD8 and P = 0-003 for CD4 T
cells). Furthermore, we found that plasma viral load was
negatively associated with the frequencies of HIV-specific
CD8" T cells producing CD107a in blood (p = — 0-53,
P=10:04) and at the cervix (p = — 0-64, P = 0-03;
Fig. 3), suggesting that women with better control of
plasma viraemia had preserved CD107a responses in both
compartments. None of the other functions were found
to be associated with markers of clinical status in these
HIV-infected women.

Table 2. Expansion kinetics and viability of cervical cytobrush and blood-derived T-cell lines using Dynal anti-CD3/28 T-cell expander beads

Cervical T cells

Blood T cells

Ex vivo Ex vivo  Expanded Ex vivo  Fold Ex vivo Ex vivo  Expanded Ex vivo  Fold
recovery viability ~ recovery viability ~ expansion recovery viability ~ recovery viability  expansion

PID (x10° cells) (%) (x10° cells) (%) (Day 14:Day 0)  (x 10° cells) (%) (x10° cells) (%) (Day 14:Day 0)
1 0-17 88 2:92 90 17-4 0-1 98 5-05 98 50-5
2 0-08 88 1-24 78 157 0-1 100 3:35 88 235
3 0-11 85 1-58 94 14-8 0-1 98 3-35 98 23-5
4 0-09 92 1-27 80 14-3 0-1 100 3-12 92 21-2
5 0-13 98 1-31 88 10-3 0-1 100 3:55 89 255
6 0-19 90 2-87 85 15-0 0-1 98 5-50 84 65-0
7 0-14 92 2-69 94 19-2 0-1 96 3-37 96 33.7
8 0-10 98 1-29 80 125 0-1 98 4-89 98 289
9 0-12 96 2-09 80 17-3 0-1 100 3-89 92 28-9
10 0-11 80 1-45 80 12:9 0-1 97 3-61 86 36-1
11 0-13 89 269 90 20-5 0-1 100 3-16 100 31-6
12 0-11 90 1-45 90 13-3 0-1 96 3-26 94 32-6
13 0-09 90 1-20 76 13-0 0-1 99 3-60 89 26-0
14 0-12 85 2-10 78 16-8 0-1 99 3.74 88 37-4
15 0-12 98 1-94 84 16-7 0-1 99 391 88 29-1
16 0-08 90 194 94 255 0-1 99 291 92 19-1
Meadian 0-11 90 1-76 845 15-4 0-1 99 3.57 92 29-0
IQR 0-10 88 1-31 80 13-2 0-1 98 3-32 88 25-0
IQR 0-13 93 2:25 90 17-3 0-1 100 390 96-5 343
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Figure 2. Comparison between female genital tract and blood CD8" and CD4" T-cell responses to HIV Gag in T-cell lines expanded with Dynal
beads from HIV-infected women. (a) Total and individual frequencies of CD8" responses detected in blood (black bars) and cervix (grey bars)
from Dynal bead expanded lines. (b) Cumulative frequencies of CD8" CD107a (dotted black bar), interferon-y (IFN-y; open bar bar), macro-
phage inflammatory protein-1f (MIP-1f; grey bar) and tumour necrosis factor-o (TNF-o; dotted bar) T-cell responses in peripheral blood mono-
nuclear cells (PBMC) and cervix (CMC). (c) Total and individual frequencies of CD4" responses detected in blood (black bars) and cervix (grey
bars) from Dynal bead expanded lines. (d) Cumulative frequencies of CD4" CD107a (dotted black bar), IFN-y (open bar bar), MIP-1f (grey
bar) and TNF-a (dotted bar) T-cell responses in PBMC and CMC. Each box and whisker plot shows the median (central line), interquartile
range (IQR; outer lines of box) and 10-90% range (error bars) of 16 HIV-infected individuals. Wilcoxon Rank Test was used to compare blood
and cervical responses and a P < 0-05 indicates a significant difference.

In addition, we found that women not shedding HIV than those shedding HIV (n = 13/16; P = 0-02, data not
in their genital secretions (n = 3/16) had significantly shown). In addition, CD4" T cells producing TNF-o in
higher cervical CD107a CD8" T-cell responses to Gag the genital tract of non-shedders were found at
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significantly  higher frequencies than in shedders

(P = 0-02, data not shown).

Comparison of functional Gag-specific T-cell
responses in blood and at the cervix

Thirteen of 16 individuals exhibited more than one func-
tional response to Gag in their cervical compartment,
while 11/16 showed this in blood (Fig. 4a,b). We found
that polyfunctional CD8" T-cell responses to Gag (two or
more functions) in blood significantly predicted similarly
polyfunctional CD8" T-cell responses at the cervix;
P =0-03; data not shown). No significant relationship
was observed in polyfunctional frequencies between com-
partments for CD4" T cells. HIV Gag-specific CD8" and
CD4" T-cell responses in cervical mucosa and blood from
these chronically HIV-infected women were predomi-
nantly monofunctional with > 80% of CD8" and CD4"
T-cell responses to Gag being represented by one func-
tion.

Impact of clinical status on polyfunctional responses
in blood and at the cervix

We finally evaluated whether the ability of T cells from
blood and cervix to mount polyfunctional responses was
influenced by HIV clinical status. The frequency of blood
and cervical Gag-specific CD8" T-cell polyfunctional
responses (two or more responses) was inversely associ-
ated with plasma viral load (significantly so for blood:
p = —0-56, P = 0-02, Fig. 4c top panel; but only a trend
towards this at the cervix: p = —0-41; P = 0-12, data not
shown). Similarly, the frequency of Gag-specific polyfunc-
tional CD8" T-cell responses in blood was positively asso-
ciated with blood CD4 counts (Fig. 4c bottom panel;
p = 0:50; P = 0-04). We found no significant relationship
between cervical polyfunctional T-cell responses (or any
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subset of individual T-cell responses) and cervical viral
load (p = —0-42; P = 0-1; data not shown). Polyfunction-
al CD4" T-cell responses, on the other hand, in both
compartments were not similarly impacted by HIV clini-
cal status.

As plasma viral load and HIV shedding were associ-
ated, we evaluated whether women shedding HIV in their
genital secretions had altered proportions or frequencies
of polyfunctional T-cell responses at the cervix compared
with women not shedding at the mucosa. We observed
no significant differences in magnitude or proportions of
one, two, three and four functional responses within the
cervical CD4" and CD8" T-cell compartment between
shedders and non-shedders (data not shown).

Discussion

There is substantial evidence that blood HIV-specific
CD8" T cells play an important role in controlling HIV
replication in blood,®>* but their frequency and the
complexity of their effector function at the cervix is not
well understood. This study investigated the relationship
between HIV clinical status and cervical mucosal T-cell
functionality in HIV-infected women. Evaluation of HIV-
specific immune responses, particularly at the genital
tract, will provide new information for the better under-
standing of virus—host interactions during HIV infection.
This study used multiparameter flow cytometry to simul-
taneously assess whether HIV-specific T-cell response
quality is an important factor in HIV shedding in the
female genital tract. The magnitude of responses largely
correlated between the two compartments, but interest-
ingly the total magnitude of CD8 T-cell responses was
higher in cervical samples and blood. This difference may
reflect a higher frequency of effector memory cells in the
cervix relative to blood as previously shown directly ex
vivo'® or following polyclonal expansion.**

© 2013 John Wiley & Sons Ltd, Immunology, 139, 342-351
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graph). Polyfunctional responses were defined as the total of 2*, 3" and 4" functions in blood and at the cervix of CD8" T cells. (b) Frequency
of CD4" T-cell responses within each functional category at the cervix (top graph) were compared with those found in blood (bottom graph).
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two (open bar) or one functional if any combinations of three, two or one of the four functions investigated were detected, respectively. The bars
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and P-values < 0-05 were considered significant. Spearman Rho scores are shown on each plot.

This study detected only a small proportion of CD8" T
cells with two or more simultaneous functions (~ 1%) at
the cervix and the frequency of these polyfunctional
responses was not significantly different from those
detected in blood (< 0-5%). Monofunctional T cells med-
iated most of the Gag-specific T-cell responses in both
compartments. Previously, Betts et al.® showed that poly-
functional HIV-specific CD8 T cells are rarely found in
the blood of individuals with progressive HIV infection.
However, several studies of functional capacity and the
magnitude of HIV-specific T cells in other mucosal sites
have confirmed the existence of polyfunctional HIV-1
specific T cells at mucosal sites.">'>?> Brenchley et al.’
simultaneously measured expression of IFN-y, TNF-o and
IL-2 in 26 therapy naive individuals and showed that
HIV-specific CD8" T cells in lungs tended towards a
more polyfunctional phenotype (~ 5%) compared with
blood CD8 T cells (< 1%). Moreover, HIV-specific CD4*
T cells from lungs were present at significantly higher fre-
quencies and manifested a significantly more polyfunc-
tional response (~ 15%) compared with HIV-specific
CD4" T cells from blood (< 1%). The majority of

© 2013 John Wiley & Sons Ltd, Immunology, 139, 342-351

responses present in both lungs and blood were mono-
functional (~ 80%). At the rectal mucosa, Critchfield
et al.”® evaluated five distinct effector functions (CD107a,
IFN-y, MIP-1f, IL-2 and TNF-a) of HIV Gag-specific
CD8" T cells in rectal mucosa and blood and found that
rectal CD8" responses are detected at higher frequencies
than those in blood (5-9% versus 3-8%). Their data
showed that blood and mucosal compartments are domi-
nated by monofunctional T cells, however, the polyfunc-
tionality of T-cell responses increased in individuals who
were controlling HIV better in both blood and cervix.
Confirming our previous report, comparison between
expanded blood and cervical T-cell responses to Gag
showed that the magnitude of responses largely correlated
significantly between compartments.

Studies investigating the relationship between the mag-
nitude or breadth of HIV-specific cytotoxic T lympho-
cytes in blood and HIV clinical status have reported
conflicting findings.”®>**®7 Few studies have evaluated
the relationship between the frequency or functionality of
HIV-specific T-cell responses at mucosal surfaces and
HIV clinical status. A significant inverse relationship was

349



A. Bere et al.

observed between plasma viral load and CD8" T cells
expressing CD107a in fresh blood, expanded blood and
expanded cervical lines. This indicates that the ability of
CD8" T cells from both the cervix and in blood to de-
granulate was highest in women with lowest plasma viral
load. It is likely that polyfunctional responses systemically
as well as at mucosal surfaces are a consequence of an
intact immune system in individuals with low viral repli-
cation, rather than the cause of low virus replication. The
finding that cervical and systemic CD107a responses are
similarly effected by clinical status is not surprising given
our finding that (i) blood CD107a responses are signifi-
cantly associated with cervical CD107a responses; (ii)
plasma viral load is strongly associated with genital tract
HIV shedding (either as the result of passive transudate
from plasma across mucosal surfaces or through active
homing of HIV-infected target cells to the mucosa in
individuals with high systemic viral loads), and (iii) CD4
counts between compartments are also linked.

Gumbi et al.'® showed that IFN-y* T-cell responses to
HIV Gag were also not associated with protection from
HIV genital shedding. Similarly, we show here by measur-
ing four functions of cervical Gag-specific CD8" T cells
that these cells are not able to protect against genital HIV
shedding. It could be argued that the measurement of
four functions will not necessarily be more biologically
relevant than a single function, but recent findings have
demonstrated the added value of this approach. Critch-
field et al.'? reported that the frequency of rectal mucosal
Gag-specific CD8" T cells capable of three or more effec-
tor functions was significantly associated with blood CD4
count and inversely related to plasma viral load suggest-
ing that these responses may play an important role in
mucosal immune surveillance, as suggested by their rela-
tive enrichment among persons who control HIV in the
absence of therapy. Alternatively, worse clinical disease
status may be associated with compromised HIV-specific
polyfunctional responses. Accumulation of polyfunctional
HIV-specific cellular responses have been associated with
restoration of mucosal CD4" T cells, despite persistent
mucosal CD4" T-cell proviral reservoirs and immune
activation in individuals on long-term HAART.'"* How-
ever, data from the present study suggest that systemic
viral loads were the major determinant for improved
functionality in blood and at the genital tract.

In summary, we demonstrate that HIV Gag-specific T-
cell responses detectable in the female genital tract were
largely monofunctional with only a small proportion of
HIV-infected women having polyfunctional responses.
Polyfunctional cells were largely present in women with
high CD4 T-cell counts in blood and low plasma viral
loads. As a result of the differing microenvironments in
blood and at the cervix, it is important to understand the
differences in immune pressures imposed on HIV in these
compartments. This study adds to our understanding of
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localized cellular responses against HIV in the genital
tract of chronically infected women. The observation that
CD107a responses correlated between compartments and
was associated with the HIV disease status of the women
perhaps argues against differences in immune pressure.
Perhaps an important question for future studies will be
to determine the degree of trafficking of specific cellular
populations between blood and the genital mucosa.
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