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Figure 2. An analysis of bortezomib and chemotherapeutic drugs in cervical cancer cells. (A) The rate of apoptosis using bortezomib and chemotherapeutic
drugs was measured by flow cytometric analysis. Single, sequential, or simultaneous treatment regimens using bortezomib (100 nM), cisplatin (500 pM), car-
boplatin (250 uM) or paclitaxel (10 uM) were applied for HeLa and CaSki cells. Bortezomib followed by cisplatin and concomitant bortezomib with cisplatin
regimens induced higher apoptosis rates compared with other regimens. Bars represent the means + SD of 3 independent experiments. (B) Bortezomib stabi-
lized the expression of hScrib and p33 in cervical cancer cell lines in combination with platinum agents. By contrast, cisplatin followed by bortezomib failed
to stimulate the expression of hScrib, p53 and p21. (C) Quantification of the potency of the combination treatment. The Chou-Talalay method was utilized.
Bortezomib followed by cisplatin and concomitant bortezomib with cisplatin regimens exhibited synergistic effects in all the doses tested. A potent synergistic
effect was displayed with CI<0.1. By contrast, a low synergistic or antagonistic effect was shown in the treatment using cisplatin followed by bortezomib with
CI>1. BTZ, bortezomib; CDDP, cisplatin; CBDCA, carboplatin; PTX, paclitaxel.

significant treatment regimens in inducing cellular apoptosis
(Fig. 2A, lanes 6 and 9) in Hel a cells.

We further investigated the expression of hScrib, p53 and
p21, whether the apoptotic effects are indeed associated with
protein expressions. Cells were exposed to various concentra-
tions of bortezomib and/or chemotherapeutic drugs (Fig. 2B).
The elevated expression of p53 was observed in HelLa cells
treated with bortezomib followed by cisplatin or carboplatin
(lanes 6 and 7), and in CaSki cells treated with bortezomib
alone (lane 2), bortezomib followed by cisplatin or carboplatin
(lanes 6 and 7). The expression of hScrib exhibited a similar
tendency to that of p53. In terms of the stabilization of p53
and hScrib, paclitaxel turned out to be an unsatisfactory agent
(lanes 5, 8, 11 and 14). Markedly, bortezomib and subsequent
cisplatin treatment was the most efficient regimen to induce the
expression of p21, particularly in CaSki cells (lane 6). Cisplatin
followed by bortezomib treatment had an insignificant effect
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on the expression of p53 and hScrib (lane 12). The apparent
recovery of pRb was also observed in Hela cells treated by the
exposure to bortezomib followed by cisplatin (data not shown).

The synergistic effects of bortezomib and cisplatin were
analyzed using the Chou-Talalay assay. Bortezomib followed
by cisplatin and simultaneous bortezomib with cisplatin regi-
mens were synergistic, with CI<1. This synergy was evidently
affected by the order of addition as cisplatin followed by bort-
ezomib showed antagonistic interactions, with CI>1. Therefore,
the synergistic effects in HelLa cells was more pronounced
compared to that in CaSki cells and we determined to pursue
the sequential effect of bortezomib and cisplatin.

In vivo suppression of cervical cancer growth by bortezomib
in a mouse xenograft. We analyzed whether bortezomib is
able to inhibit tumor growth using a xenograft mouse model
of cervical cancer cells. Bortezomib was administered twice a
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Figure 3. Bortezomib and bortezomib with cisplatin efficiently inhibited the growth of cervical cancer xenografts in athymic mice. (A) Representative images
of xenograft mice are shown. Bars indicate 1 cm. (B) Hel.a and CaSki cells were transplanted into 6 to 7-week-old athymic mice. When xenograft tumors were
visualized, 4 treatment regimens were commenced. Treatment schedules are indicated by thin arrows (bortezomib) and thick arrows (cisplatin). The dose of
bortezomib was 1 mg/kg, and the dose of cisplatin was 6 mg/kg, according to the recommendation of the suppliers. Each treatment group consisted of 6 mice.
Tumor volumes were calculated as described in Materials and methods. Bars indicate the means + SEM.

week, and cisplatin once a week according to the instructions
of the suppliers. As shown in Fig. 3, the tumor volume of the
HeLa and CaSki xenograft was significantly reduced by the
injection of bortezomib when compared with the control. The
reduction rate of the tumor growth in the bortezomib group
was greater than that of cisplatin alone and we revealed that
bortezomib with cisplatin was the most efficient treatment
regimen in the HeLa xenograft. The CaSki xenograft exhib-
ited a pronounced sensitivity to bortezomib alone and the
effect of concomitant use was not observed as expected from
the in vitro study (Fig. 2, right panel).

Based on the data in Fig. 2, the expression levels of p53,
Noxa, and p21 in cervical cancer xenografts were analyzed
by western blot analysis. It became evident that p53 and its
downstream genes are upregulated in xenografts treated by
bortezomib (Fig. 4A and B). Our immunofluorescence study
also revealed that the expression of hScrib was recovered at
the cellular membrane in mice treated with bortezomib alone
or in combination with cisplatin (Fig. 4C and D). The expres-
sion of p53 in the nuclei of xenograft cells also increased as a
result of treatment of bortezomib (Fig.-4C and D). HeLa and
CaSki xenografts were subjected to the detection of apoptosis
using TUNEL assay and TUNEL positive cells were observed
predominantly in xenograft tumors treated by bortezomib
(Fig. 4C and D). These data suggest the possibility that bort-
ezomib inhibits tumor growth in vivo through the induction
of apoptosis driven by p53 and downstream genes of p53,
particularly in HeLa cells.
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Discussion

Bortezomib has been shown to be an extremely potent,
reversible and selective proteasome inhibitor (26). Several
investigators have demonstrated the ability of bortezomib
to sensitize a variety of cancer cells to the apoptotic effects
of diverse chemotherapeutic agents (12-15,17,27-29). We
confirmed that bortezomib was able to induce apoptosis in
HPV-positive cervical cancer cell lines. Cisplatin, a critical
component of therapeutic regimens in a broad range of malig-
nancies, has been shown to induce apoptosis in various types
of cancer cells. For the treatment of advanced or recurrent
cervical cancer, cisplatin administered every 3 weeks seems to
be areasonable option, inducing response rates ranging from 20
t0 30% and an overall survival of 7 months (30), but prolonged
cisplatin treatment appears to have considerable side-effects.
We aimed to explore the possibility that concomitant use of
bortezomib and chemotherapeutic drugs has additive effects
to suppress ubiquitin-mediated degradation of tumor suppres-
sors targeted by E6 in HPV-positive cervical cancer cells both
in vitro and in vivo. As expected, bortezomib alone increased
the expression of tumor suppressors such as p53 and hScrib
in a dose- and time-dependent manner. We also observed the
elevated expression of p21 by the treatment of bortezomib since
p21 is a representative downstream gene of pS3. We noted that
the rate of apoptosis in cells treated with bortezomib preceded
by cisplatin was extremely lower than that in cells treated with
cisplatin preceded by bortezomib in HeL a cells. The sequential
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Figure 4. The growth inhibitory cffect of bortezomib and cisplatin is evidenced by elevated expression of p53 and hScrib in xenografts of athymic mice.
(A and B) Whole cell extracts were obtained from xenograft tumors and the expression levels of hScrib, p53, Noxa and p21 were analyzed by western blotting.
(A) HeLa cell xenograft; (B) CaSki cell xenograft. (C and D) The expression levels of hScrib and p53 were visualized by immunofluorescence (upper panel).
TUNEL assay revealed that bortezomib and concomitant use of bortezomib and cisplatin induced significant apoptosis in xenograft tumors (lower panel).

(C) HeLa cell xenograft; (D) CaSki cell xenograft. Bars indicate 200 ym.

effect (bortezomib followed by cisplatin) on the induction of
apoptosis was prominent compared with other combinations.
However, this sequential effect was less pronounced in CaSki
cells both in vitro and in vivo, and was similar to a previous
report that bortezomib did not induce a sensitization to cispl-
atin treatment in SiHa cells (16). We must take into account
the fact that bortezomib alone was able to induce significant
apoptosis in CaSki cells (Fig. 2A, right panel), and this result
is in concordance with the result of the Chou-Talalay assay
that synergistic effects in HeLa cells were more pronounced
compared to those in CaSki cells (Fig. 2C). The optimal
sequence of chemotherapies with disparate mechanisms of
action has been investigated intensively. Although the mecha-
nisms of the sequence-specific interactions with chemotherapy
remain unclear, one possible explanation could be the effect on
the apoptotic mechanism by bortezomib. Cisplatin was shown
to have a defect in mitochondria-dependent caspase-9 activa-
tion in non-small cell lung cancer H460 cells (29). Contrary to
this, bortezomib efficiently induced caspase-9 activation and
apoptosis by promoting a pro-apoptotic shift in the levels of
proteins involved in mitochondrial outer-membrane permea-
bilization (29). Another mechanism might be its distribution
to cell cycle arrest. Bortezomib causes G2/M arrest (31) and
cisplatin causes long-lasting blocks at the G1/S boundary with
increasing cytotoxicity (32). Theoretically, when bortezomib
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is administered first, the increased p53 may serve to enhance
G1/S checkpoint function. Then G1/S arrest by cisplatin may
efficiently enhance apoptotic cell death.

We further examined whether concomitant use of bort-
ezomib and cisplatin can induce apoptosis in vivo. Although
the regimen was not completely identical to that of the in vitro
experiment, the concomitant use of bortezomib and cisplatin
abrogated the tumor growth of xenografts. In bortezomib-
treated tumors, p53 is apparently stabilized in the nuclei of
tumor cells, and, subsequently, p21 and Noxa are elevated
due to the increased expression of p53. TUNEL assay showed
enhanced apoptosis in xenografts treated by bortezomib
alone or bortezomib with cisplatin, but concomitant treat-
ment showed significant enhancement of apoptosis. Several
investigators have reported the sequence-dependent effects of
bortezomib are limited (28,33). The optimal apoptotic effect
occurs with the sequence gemcitabine followed by bortezomib
in pancreatic cancer cells (33) and in lung cancer cells (28).
Therefore, the effect of bortezomib may be sensitization of
cancer cells to the apoptotic effect and may be modulating the
cellular response to the chemotherapeutics. As a result, bort-
ezomib may enhance cell death in combination with cisplatin.
Our data provide new evidence that the schedule of combina-
tion treatment must be considered for the treatment of cervical
cancer, and gynecologists should consider pre-clinical data in
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the design of clinical trials. While it is important to confirm
sequential effects in each cancer type studied, it appears that
chemotherapy given prior to bortezomib may yield inferior
results.

In conclusion, a proteasome inhibitor, bortezomib, induces
apoptosis in HPV-positive cervical cancer cells depending
on the stabilization of tumor suppressors, particularly p53.
When bortezomib is combined with cisplatin, a higher effect
of apoptosis induction might be expected since bortezomib
plus cisplatin almost completely abolished growth of cervical
cancer xenografts with the recovery of p53 and hScrib expres-
sion. Our data suggest the possibility that bortezomib plus
cisplatin is a promising regimen for the treatment of advanced
and/or chemotherapy or radiation therapy-resistant cervical
cancer cases.
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Introduction

Problem

Local adaptive cervical regulatory T cells (Tregs) are the most likely
direct suppressors of the immune eradication of cervical intraepithelial
lesion (CIN). PD-1 expression on T cells induces Tregs. No studies have
quantitatively analyzed the Tregs and PD-1+ cells residing in CIN
lesions.

Method of study

Cervical lymphocytes were collected using cytobrushes from CIN
patients and analyzed by FACS analysis. Comparisons were made
between populations of cervical Tregs and PD-1+ CD4+ T cells in CIN
regressors and non-regressors.

Results

A median of 11% of cervical CD4+ T cells were Tregs, while a median
of 30% were PD-1+ cells. The proportions of cervical CD4+ T cells that
were Tregs and/or PD-1+ cells were significantly lower in CIN regressors
when compared with non-regressors.

Conclusions

The prevalence of cervical tolerogenic T cells correlates inversely with
spontaneous regression of CIN. Cervical Tregs may play an important
role in HPV-related neoplastic immunoevasion.

women and patients who are under treatment with
immunosuppressive agents have an increased inci-

HPV infection is a major cause of cervical cancer and
its precursor lesion, cervical intraepithelial neoplasia
(CIN). Natural history studies of CIN'? show that
most infections and most CIN lesions resolve sponta-
neously; only a minority persists and progress to cer-
vical cancer. Studies showing that HIV-infected

dence of CIN lesions®* suggest that cell-mediated
immune response against HPV viral protein is impor-
tant in the control of HPV infection and progression
to CIN. We have previously reported that the pres-
ence of gut-derived effector lymphocytes within the
cervix plays an important role in local cell-mediated
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immune responses and correlates with CIN regres-
sion.” The presence of robust local tolerogenic cervi-
cal T-cell responses to HPV-related neoplastic lesions
would be predicted to attenuate the effects of these
local effector responses. We hypothesized that the
proportion of tolerogenic lymphocytes among the
CD4+ T cells in the cervix would decrease among
women experiencing CIN regression, thereby allow-
ing full effect of the changes previously seen among
local effector cells.

It has been reported that CD4+CD25+Foxp3+ reg-
ulatory T cells (Tregs) play an important role in
tumor-associated immunoevasion in cancers (ovar-
ian, uterine cervical, endometrial, lung, breast, pan-
creas, renal cell, and thyroid cancers) as well as in
other proliferative disorders such as melanoma and
hepatoma.®!> Mechanisms underlying Treg suppres-
sive functions have been abundantly reported. The
high expression of CD25 (IL-2R) on Tregs has been
thought to result in cytokine deprivation-induced
apoptosis of effector T cells.'® IL-10, TGF-B, and IL-
35 are also important mediators of Treg suppressive
function.'® Tregs have been reported to suppress T
effectors by ligating T-effector-expressed CD80,
thereby inhibiting T-cell proliferation and cytokine
production. Tregs kill effector T cells, other antigen-
presenting cells, and NK cells in a manner depen-
dent on granzyme and perforin.'®

Natural Treg cells (nTregs) differentiate in the thy-
mus and migrate to peripheral tissues while adap-
tive/induced Treg cells (iTregs) differentiate in
secondary lymphoid organs and tissues including
mucosa-associated lymphoid tissues (MALT).!” iTregs
play essential roles in mucosal tolerance, in the con-
trol of severe chronic allergic inflammation, in the
prevention of parasite and other microorganism
clearance, and in the obstruction of tumor immuno-
surveillance while nTregs have roles in preventing
autoimmunity and preventing exaggerated immune
responses. iTregs appear in the mesenteric lymph
nodes during induction of oral tolerance, differenti-
ate in the lamina propria of the gut in response to
microbial signals, and are generated in chronically
inflamed tissues. At a minimum, Foxp3+ iTreg devel-
opment requires TCR stimulation and the cytokines
TGE-B and IL-2. Integrin oEP7+ dendritic cells (DCs)
residing in the MALT produce both TGF-f and reti-
noic acid (RA), which mediate the differentiation of
naive T cells into Foxp3+ iTregs.!”

The programmed cell death-1 (PD-1) and PD-ligand
(PD-L) pathway is also critical in the suppression of
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immune responses. PD-1 is a molecule inducibly
expressed on peripheral CD4+ and CD8&+ T cells, NKT
cells, B cells, monocytes, and some DC subsets when
these cells are activated by antigen receptor signaling
and cytokines.'® nTregs and iTregs can express PD-1
and PD-L1, and the expression of ligand and receptor
on the same cell conveys interesting implications.
Engagement of PD-1 by its ligands during T-cell
receptor (TCR) signaling results in two possible T-cell
responses: 1) a diminution in T-effector responses
and 2) an augmentation in differentiation of naive T
cells into Foxp3+ iTreg in a TGF-B-dependent man-
ner.'® There are synergistic effects between the PD-1/
PD-L1 pathway and TGF-B in promoting Treg devel-
opment. PD-L1 is expressed on a wide variety of
tumors, and high levels of PD-L1 expression strongly
correlate with unfavorable prognosis in a number of
cancers.'® To this point, ligation of PD-1 may induce
and maintain iTregs within the tumor microenviron-
ment, enhance the suppression of anti-tumor T-cell
responses, and thereby allow tumor progression.

Several previous studies have shown that the
prevalence of Tregs among PBMCs increases in CIN
patients when compared with healthy controls.'®2°
These studies assess populations of circulating Tregs
using flow cytometry. Characterization of the local
lymphocytes residing in cervical lesions should better
reflect local immune responses to pathogen. While
Nakamura et al.?! used Foxp3 immunostaining of
human CIN lesions to report the number of local
Foxp3+ cells residing in the CIN lesions by immuno-
staining of the tissues for Foxp3 and report that the
number of Foxp3-immunoreactive cells is higher in
CIN3 lesions than normal or CINI-2 lesions, no
studies have quantitatively assessed populations of
local Tregs, likely iTregs, in the CIN lesions using
flow cytometry. Possible associations between iTregs
and the natural course of CIN have also never been
studied.

We have previously characterized cervical lym-
phocytes collected from CIN lesions using a cyto-
brush and have demonstrated that the majority of
cervical lymphocytes in these lesions are CD3+ T
cells (median 74%) and that half of the cervical CD3
+ T cells are CD4+ (median 54%).> In the present
investigations, we have analyzed the relative propor-
tions of two tolerogenic T-cell subsets, CD25+Foxp3+
Tregs and PD-1+ T cells, among cervical CD4+ T cells
collected from CIN lesions. To determine whether
there was a correlation between the frequency of
cervical tolerogenic T cell and the natural course of
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CIN, comparisons were made between tolerogenic
T-cell subsets in the lesions of CIN regressors and
NOn-regressors.

Materials and methods

Study Population

Cervical cell samples were collected using a cyto-
brush from 24 patients under observation after
being diagnosed with CIN by colposcopically direc-
ted biopsy. All women gave written informed con-
sent, and the Research Ethics Committee of the
University of Tokyo approved all aspects of the
study. Patients with known, symptomatic or macro-
scopically visible vaginal inflammation, or sexually
transmitted infections were excluded from our
study. To study the association between cervical
tolerogenic lymphocytes and CIN progression, CIN
patients with regression of cervical cytology (cases)
were matched with control patients who did not
exhibit cytologic regression over the same time per-
iod (measured from initial detection of abnormal
cytology). In this study, cytological regression was
defined as normal cytology at two or more consec-
utive evaluations conducted at 3-4 months inter-
vals. For the comparison of CD4+CD25+Foxp3
Tregs and PDI1+CD4+ cells, 12 patients were
enrolled in the regression group, and the median
follow-up duration was 16.5 (8-33) months. Twelve
pairs of follow-up time-matched patients with per-
sistent cytological abnormalities were enrolled in
the non-regression group, and the median follow-
up time was 19 (9—34) months. Patients were inter-
viewed about their smoking history and their last
menstrual period.

Collection and Processing of Cervical Lymphocytes

Cervical cells were collected using a Digene cyto-
brush as described previously.” The cytobrush was
inserted into the cervical os and rotated several
times. The cytobrush was immediately placed in a
15-mL tube containing R10 media (RPMI-1640 med-
ium, supplemented with 10% fetal calf serum,
100 mg/mL streptomycin, and 2.5 ug/mL amphoteri-
cin B) and an anticoagulant (0.1 IU/mL of heparin
and 8 nm EDTA). After incubating the sample with
5 mm DL-dithiothreitol at 37 °C for 15 min with
shaking, the cytobrush was removed. The tube was
then centrifuged at 330 g for 4 min. The resulting
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pellet was resuspended in 10 mL of 40% Percoll.
This mixture was layered onto 70% Percoll and cen-
trifuged at 480 g for 18 min. The mononuclear cells
at the Percoll interface were removed and washed
with PBS. Cell viability was greater than 95%, as
confirmed by trypan blue exclusion, and fresh sam-
ples were immediately used for further analyses.

Immunolabeling and Flow Cytometry

Cervical immune cell preparations were immuno-
labeled with fluorochrome-conjugated mouse mono-
clonal antibodies specific for the following human
leukocyte surface antigens: a programmed death-1
marker (FITC-anti-PD-1), a phycoerythrin cyanine
5.5 (PC5.5)-conjugated helper T-cell marker (PC5.5—
anti-CD4), and an allophycocyanin (APC)-conju-
gated TL-2 receptor marker (APC-anti-CD25). After
exposure to primary surface-labeling antibodies, cells
were washed twice with FACS buffer (10% fetal calf
serum, 1 mm EDTA, 10 mm NaN3), permeabilized
with Foxp3 Fixation/Permeabilization working solu-
tion (eBioscience, San Diego, CA, USA), and immuno-
Jabeled with the anti-intracellular antigen antibody,
phycoerythrin (PE)-conjugated anti-Foxp3 marker
(PE-anti-Foxp3). Cells were then washed twice with
Flow Cytometry Staining Buffer (eBioscience) and
resuspended in Flow Cytometry Staining Buffer.
Additional aliquots of the cell preparations were
labeled in parallel with appropriate isotype control
antibodies. Antibodies were purchased from eBio-
science and BD (Franklin Lakes, NJ, USA). Data
were acquired using four-color flow cytometry on
FACSCalibar (Becton-Dickinson, Texarkana, TX,
USA). A minimum of 5000 CD4+ T cells was ana-
lyzed per sample. The position of CD4+ T cells was
determined by CD4 vs SSC gating. We used KALUZA®
Flow Analysis Software (Becman Coulter, Brea, CA,
USA) for data analysis.

HPV Genotyping

DNA was extracted from cervical smear samples
using the DNeasy Blood Mini Kit (Qiagen, Crawley,
UK). HPV genotyping was performed using the
PGMY-CHUV assay method.?* Briefly, standard PCR
was conducted using the PGMYO0%11 L1 consensus
primer set and human leukocyte antigen-DQ (HLA-
DQ) primer sets. Reverse blotting hybridization was
performed. Heat-denatured PCR amplicons were
hybridized to specific probes for 32 HPV genotypes
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and HLA-DQ reference samples. The virological
background (HPV genotyping) of 24 patients in our
study is shown in Table I. HPVs 16, 18, 31, 33, 35,
39, 45, 51, 52, 53, 56, 58, 59, 68, 73, and 82 were
defined as high-risk HPVs according to an Interna-
tional Agency for Research on Cancer (IARC) multi-
center study.?’

Statistical Analysis

Statistical analyses, including calculation of medians
and. interquartile ranges (IQRs), were performed
using the commercial statistical software package
mp® (SAS, Cary, NC, USA). Wilcoxon rank sum tests
or Fisher’s exact tests were applied for matched pair
comparisons. P-values < 0.05 were considered sig-
nificant.

Results

Isolation of Cervical Tolerogenic T-cell Subsets in
CIN Lesions

To assess cervical tolerogenic T cells, cervical samples
were collected from CIN lesions positive for any HPV
genotype and fractionated over a discontinuous Per-
coll density gradient to remove cervical epithelial
cells. Cervical lymphocytes were then isolated from
the intérphase between Percoll and culture med-
ium.” Cervical CD4+ T cells were identified among

“Table | Patients - infected  with multiple  HPV.. types . were
included, ' .
HPV type Total numbers (%)
16 5(16.6)
18 2 (6.6)
31 1(3.3)
45 133)
51 1(33)
52 3.(10)
53 : 3(10)
55 3.(10)
56 , 413.3)°
58 5 {16.6):
70 : f 2 (6.6)
Total 30 (100)
Of 24 patients, 4 {16.6%) were infected with multiple types. HPVs
16, 18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 68, 73, and 82
were defined as high-risk HPVs. o

American Journal of Reproductive immunology 49 (2013) 134-141

© 2012 John Wiley & Sons A/S

the isolated lymphocytes using CD4 vs SSC gating.
The percentages of CD4+ cervical T cells that were
CD25+Foxp3+ Tregs or that were PD-1+ were deter-
mined by flow cytometry. Two representative cases
are displayed in Fig. 1(a,b), respectively. The propor-
tion of cervical CD4+ T cells that were CD25+Foxp3
+ was 14.2% whereas the proportion of CD4+ T cells
that displayed PD-1 was 33.6% (bold lines). Among
all CIN patients, a median of 11.7% (IQR: 7.3-14.6,
n = 24) of CD4+ cervical T cells were CD25+Foxp3+
Tregs, while a median of 30.7% (20.2-38.5, n = 24)
of CD4+ cells expressed PD-1. The proportions of tol-
erogenic T-cell subsets found in cervical preparations
were markedly higher than those reported in circu-
lating peripheral blood where approximately 5% of
PBMCs are CD25+Foxp3+ Tregs** and 5% of periph-
eral CD4+ T cells are PD-1+.*°> These data indicate
that the cervical mucosal T cells separation tech-
nique used for these investigations isolated a popula-
tion of T cells with characteristics that suggest little
to no contamination by peripheral blood. Further,
should small amounts of contamination occur during
isolation the effect on overall results would be pre-
dicted to be minimal.

Correlation of Cervical Tregs and PD-1+ CD4+
cells in CIN Lesions with Menstrual Phase, HPV
Types, Smoking History, and CIN Course

Many factors, including HPV genotypes, smoking,
and other microbial infections, have been reported
to associate with spontaneous regression or progres-
sion of CIN.?® In this study, we obtained cervical
Tregs from histologically diagnosed CIN patients and
sought correlations between cervical' Tregs and
potential clinical factors, which may associate with
the natural course of CIN. Patients with known,
symptomatic or macroscopically visible vaginal
inflammation, or sexually transmitted infections
other than HPV were excluded from our study. All
patients were diagnosed with CIN1-2 at the time of
enrollment and followed with colposcopy and cervi-
cal cytology smears every 4 months.

To account for possible confounding factors, sam-
ples from our 24 CIN patients were reanalyzed after
segregation by each of the following characteristics:
menstrual phase (proliferative vs secretory), HPV
genotype (high risk vs low risk), and smoking his-
tory (smoking vs non-smoking). The prevalence of
CD25+Foxp3+ Tregs and of PD-1+ T cells among cer-
vical CD4+ cells was compared between each of the
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Fig. 1 Representatives of flow cytometric analysis of immune cells isolated from cervical intraepithelial neoplasia lesions. Bold lines delimit
cervical CD4+CD25+Foxp3+ Tregs (a) and PD1+ CD4+ T cells (b). The indicated percentages represent percentage of total CD4+ T cells.

two groups using Wilcoxon rank sum testing
(Table II). None of these possible confounders corre-
lated with CD25+Foxp3+ Tregs and PD-1+ T cells
results in CIN lesions, indicating that the tolerogenic
T cells residing in the cervical mucosa were not
influenced by smoking, hormonal status, or infecting
HPV subtypes.

Next, we compared populations of CD25+Foxp3+
Tregs and PD-1+ T cells residing in the CIN lesions of
regressors (7 = 12) and non-regressors (n = 12) to
determine whether there was an association
between the frequency of cervical tolerogenic T-cell
subsets and spontaneous regression of CIN. Twelve
patients had spontaneous regression of their CIN
lesions, and these women had a median follow-up
duration of 16.5 (8-33) months. The non-regression
group consisted of twelve women with persistent

cytological abnormalities who were matched to the
spontaneous regressor cohort by follow-up time. No
significant differences were seen in the detection
rates of high-risk HPV (58.3% vs 83.3%, P = 0.37),
percent of CIN 2 at the enrollment (33.3% vs
58.3%, P = 0.4), and the median ages (33 years old
vs 36, P=0.44) of patients in the regression and
non-regression groups. Among regressors, cervical
CD25+Foxp3+ Tregs comprised a median of 7.3%
(IQR: 6.3-11.4) of cervical CD4+ cells; the rate
among non-regressors was 13.9% (IQR: 11.6-16.9).
The frequency of cervical CD25+Foxp3+ Tregs in
regressors was significantly lower than that in non-
regressors (P = 0.0012) (Table I and Fig. 2). Simi-
larly, cervical PD1+ CD4+ cells comprised a median
of 20.8% (IQR: 15.8-31.9) of cervical CD4+ cells
among regressors whereas a median of 35.1% (IQR:

Table I Correlation of the proportions of cervical Treg and P,D~1+' cells among cervical CD4+ T-cell populations with clinical characteristics

Percen{age of total cervical CD4+ T cells

Factors Groups

CD25+Foxp34r Tregs

Menstrual phase Proliferative

‘ Secretory 12,0 (7.1-14.2)

HPV genotype High risk 11.8/(7.8-14.2)
Low risk 7.4 (6.7-15.7)

Smoking Smoking 10.2.(7.3-14.7)
Non-smoking 10.8 (5.0-15.9)

CIN course Regression 7.3 (6.3-11.4)

Non-regression

10.26 (7.04-15,4)

13.9(11.6-16.9)

PD-1+ cells

P =094 29.8 (22.7-39.5) P=072
28.1 {18.9-36.7)

P =0.67 29.8 {20.3-38.2) P =082
33,5 (18.5-45.4)

P =073 29.8.(19.5-39.5) P =080
24.6 (19.6-40.9) ,

P = 0.0012 20.8 (15.8-31.9) P =0.018

351 (30.2-42.6)

lial neoplasia (CIN) course were shown.
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Association of cervical CD4+CD25+Foxp3+ Tregs and PD1+CD4+ cells with menstrual cycle, HPV genotype, smoking, and cervical intraepithe-
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Fig. 2 Association of cervical Tregs with the natural course of
cervical intraepithelial neoplasia. Among regressors, cervical Tregs
comprised a median of 7.33% [Interquartile ranges (IQR): 6.38-11.4,
n = 12] of CD4+ cervical T cells; the rate among non-regressors was
13.9% (IQR: 11.6-16.9, n = 12); P = 0.0012.
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Fig. 3 Association of cervical PD-1+ CD4+ T cells with the natural
course of cervical intraepithelial neoplasia. Among regressors, cervical
PD1+ cells comprised a median of 20.8% [Interquartile ranges (IQR):
15.8-31.9, n =12} of CD4+ cervical T cells; the rate among non-
regressors was 35.1% {IQR: 30.2-42.6, n = 12); P = 0.0179.

30.2-42.6) .among non-regressors. Again, the fre-
quency of cervical PD-1+ CD4+ cells in regressors
was significantly lower than that in non-regressors
(P = 0.017) (Table II and Fig. 3).

Discussion

Although many studies have been reported about
the positive association between tolerogenic lympho-
cytes and poor prognosis in many cancers, there are
limited data on similar associations in women with
HPV-related cervical precursor lesions. Our results
show that the prevalence of CD25+ Foxp3+ Tregs
and of PD1+ CD4+ T cells residing in cervical precur-
sor lesions inversely correlates with spontaneous
regression of CIN.
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population of Foxp3+ Tregs
includes nTregs and iTregs. iTregs play essential roles

The peripheral

in mucosal tolerance, in the control of severe
chronic allergic inflammation, and in the prevention
of organism clearance and tumor immunosurveil-
lance, while nTregs have roles in preventing autoim-
munity and exaggerated immune responses.'” We
would predict that the majority of cervical CD25
+Foxp3+ Tregs assessed in this study are iTregs
although definitive isolation of iTregs is hampered
by the lack of suitable surface markers that distin-
guish iTreg and nTreg cell populations.

In this study, cervical Treg prevalence negatively
correlated with regression of CIN (Fig. 2) but did not
correlate with CIN grade (data not shown). Support-
ing our data, several previous studies have shown a
positive correlation between Treg prevalence in
peripheral blood and high grade of CIN.'?° Of
course, cervical iTregs and circulating Tregs may dif-
fer in their TCR repertoire. iTregs are known to dif-
ferentiate from mature naive CD4+ cells through the
effects of TGF-B and RA secreted by mucosa-associ-
ated DCs.)” In our data, the proportion of CD25
+Foxp3+ Tregs among total cervical CD4+ cells (a
median of 11%) was twofold higher than previously
reported peripheral blood levels (approximately 5%).
This suggests that iTregs may be generated continu-
ously, probably in an antigen-depending manner,
and accumulate in chronically HPV-infected tissues
and CIN lesions. Others have reported that Foxp3
mRNA levels in cervical samples that included exfo-
liated epithelial cells and cervical lymphocytes are
higher among high-grade squamous intraepithelial
lesion (HSIL) patients when compared with low-
grade squamous intraepithelial lesion  (LSIL)
patients.”” However, it is unknown whether Foxp3
mRNA levels in these cervical samples parallel the
number of Tregs because cervical lymphocytes were
not specifically isolated in this study.

Although the persistence of HPV infection was not
followed in the present study, Molling et al.*°
reported that CD4+CD25hi Treg frequency correlates
with persistence of HPV type 16. Tregs may inhibit
the HPV clearance by immune cells such as invariant
natural killer T cells.

TGE-B is critical to the induction and maintenance
of Foxp3+ Tregs, with particular importance in the
induction of iTregs from naive T cells and in the
conversion of effector T cells to iTregs. Several stud-
ies have demonstrated that the expression of TGF-$
and RA receptors in cervical specimens is lower in

139

114



CIN lesions when compared with normal epithe-
lium.?®?® In these studies, there was no correlation
between TGF-B mRNA levels and either CIN grade
or CIN natural course. TGF-B-induced iTreg fre-
quency may be a more direct predictor of CIN pro-
gression than TGF-B. In fact, measurement of
tolerogenic T-cell frequency in CIN lesions has the
potential to prove useful in determining individual-
ized screening and treatment paradigms.

Whether sex hormones modulate the prevalence
and function of Tregs remains controversial. Arruvito
et al. reported that the proportion of Foxp3+ cells
within the peripheral blood CD4+ T-cell population
increases during the late follicular phase when com-
pared with the luteal phase.”” The expansion of
Tregs during the follicular phase was highly corre-
lated with serum estradiol (E2) levels.?® In contrast,
Weinberg et al. reported recently that there are no
significant correlations between changes in serum
E2 levels and the prevalence of any circulating Treg
subtypes or between changes in serum progesterone
levels and the proportion of CD8+ Foxp3+ Tregs in
peripheral blood samples.®' The effect of smoking on
the generation of tolerogenic T cells is also contro-
versial.>>* Note that all of the above studies assess
peripheral circulating rather than local cervical
Tregs. Our data on the latter cells revealed no corre-
lations between cervical Treg prevalence and either
menstrual phase or smoking.

In this study, we focused on PD-1+ CD4+ T cells
as well as Foxp3+ Tregs as engagement of PD-1 by
its ligands on T cells is critical to the differentiation
of naive T cell into Foxp3+ iTregs. Furthermore,
Tregs and the PD-1/PD-L pathway are integral in ter-
minating immune responses and augmenting the
suppression of anti-tumor T-cell responses. In short,
the PD-1 pathway controls the development, main-
tenance, and function of iTregs at mucosal sites.
Here, we show that PD-1+ T cells are more fre-
quently found among cervical T cells than among
PBMCs and that the prevalence of PDI1+ T cells in
CIN lesions (likely reflecting cervical iTregs) corre-
lates inversely with spontaneous regression of CIN.
Assessment for other tolerogenic T-cell subsets (e.g.,
Foxp3-IL10+ Trl, Foxp3-TGF-B+ Th3) in this study,
while potentially informative, was limited by the
number of cervical lymphocytes that could be iso-
lated from a single cytobrush sample.

In summary, even the study population is small
and the results are limited, our flow cytometric anal-
yses demonstrate for the first time that a prevalence
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of CD4+ CD25+ Foxp3+ Tregs infiltrating into CIN
lesions significantly correlates with regression of CIN
regardless of HPV subtype. Conversely, a high preva-
lence of lesional cervical Tregs may be responsible
for CIN persistence as well as HPV infections and
might function as a useful predictive biomarker for
progression of CIN.
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Abstract

Background: The effect of maraviroc on the maintenance and the function of HIV-1-specific T cell responses remains
unknown, )

Methods: Subjects recently infected with HIV-1 were randomized to receive anti-retroviral treatment with or without
maraviroc intensification for 48 weeks, and were monitored up to week 60. PBMC and in vitro-expanded T cells were tested
for responses to the entire HIV proteome by ELISpot analyses. Intracellular cytokine staining assays were conducted to
monitor the (poly)-functionality of HIV-1-specific T cells. Analyses were performed at baseline and week 24 after treatment
start, and at week 60 (3 months after maraviroc discontinuation).

Results: Maraviroc intensification was associated with a slower decay of virus-specific T cell responses over time compared
to the non-intensified regimen in both direct ex-vivo as well as in in-vitro expanded cells. The effector function profiles of
virus-specific CD8" T cells were indistinguishable between the two arms and did not change over time between the groups.

Conclusions: Maraviroc did not negatively impact any of the measured parameters, but was rather associated with a
prolonged maintenance of HIV-1-specific T cell responses. Maraviroc, in addition to its original effect as viral entry inhibitor,
may provide an additional benefit on the maintenance of virus-specific T cells which may be especially important for future
viral eradication strategies.
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Introduction While CCR5 deficiency (in the form of a 32 base-pair
L . . homozygous delvtion) can mediate resistance to HIV-1 infection
Maraviroc is an antiretroviral agent that blocks HIV-1 entry by [1-3], it also has the potential to impair control of other viral
binding the virus’ coreceptor CCR5. Given its molecular target, infections, such as West Nile virus (WNV), both in mouse and
maraviroc treatment may modulate the natural expression and humans [4,5]. In particular, murine T cells lacking CCR5
function of CCRS, and negatively affect chemotaxis and effector  expression have been shown to secrete lower amounts of IL-2
. + +

function of Thl-type CD4" T cell and memory CD8™ T cells. compared to CCR5* T cells, and a similar phenotype has been
Maraviroc may have additional immunomodulatory effects by gbserved in T cells from humans expressing the CCR35-:32

blocking the binding of the 11%1tura1 11gand§ of CCRS (MIP-lo,  muytation [6]. Furthermore, CD8" T cell exhaustion during
MIP-1B and, RANTES), yet little data exist on how maraviroc chronic Lymphocytic choriomeningitis virus (LCMYV) infection is

may imerfef? with the cellular host immunity, especially the one more severe in the absence of RANTES, one of the natural CCR5
directed against HIV-1. ligands [7]. Thus, although CCR5-:32 homozygosity does not
PLOS ONE | www.plosone.org 1 January 2014 | Volume 9 | issue 1 | e87334
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seem to negatively affect humans, blocking its function by agents
like maraviroc may negatively affect immune responses, including
T cell responses to HIV-1.

In previous clinical trials, treatment with maraviroc has been
shown to result in more extensive increases in CD4 counts in
treatment-naive and -experienced subjects, though the mecha-
nisms involved remain unknown [8-11]. In addition, some studies
have indicated that adding maraviroc to suppressive combination
antiretroviral treatment (cART) reduces markers of immune
activation [12-15]. Also, i vitro exposure to maraviroc decreases
some markers of immune activation on T lymphocytes [16]. While
these findings suggest that maraviroc may have beneficial effects
on global host immune status, maraviroc has also been found to
increase T cell activation both in gut and peripheral blood [17].
Thus, it is still controversial whether maraviroc has net
immunological benefits or disadvantages on host cellular immune
responses. In addition, the impact of maraviroc on antigen-specific
T cell responses, especially towards HIV-1-derived antigens, has
not been assessed, despite its potential implications with regards to
immune interventions, particularly therapeutic vaccination in
maraviroc treated subjects. To address these issues, we analyzed in
a longitudinal study the effects of cART versus maraviroc-
intensified cART on the maintenance (breadth, magnitude and
specificity) of HIV-1-specific T cell responses, their differentiation
potential and their polyfunctionality.

Materials and Methods

Study design

The present study was performed as sub-study of the
Maraviboost study (ClinicalTrials.gov Identifier: NCT00808002).
The Maraviboost study was a multi-center, randomized, open-
label, phase III clinical trial. The main goal of the parental clinical
trial was to assess whether intensification with maraviroc in
recently HIV-1 infected patients with standard triple therapy
could accelerate the decay of the HIV-1 reservoir [18]. Thirty
subjects recently infected with CCR5-tropic HIV-1 (subtype B)
were recruited and randomized into 2 groups (n=15 each), one
being treated with triple therapy consisting of Raltegravir (RAL)
plus Tenofovir (ITDF)/Emtricitabine (FT'C) alone while the second
group received additionally maraviroc (MVC) intensification for
the first 48 weeks in the trial. The primary end point of the main
study was week 48, but patients were followed until week 72 if
possible. Frozen PBMC from pre-defined time points before
starting cART (baseline, BL), 24 weeks after study initiation, and
12 weeks after maraviroc discontinuation (week 60), were analyzed
in the present study. One patient without maraviroc intensifica-
tion, who dropped out the study because of adherence problem,
was excluded from the analysis. Three patients (01028, 01039,
23012) were lost at week 24 n=1) or 36 (n = 2), respectively. All
patients received RAL plus TDF/FTC after week 48 except 4
patients (01021, 01031, 01034, 01043), who changed their anti-
HIV drug regimen. Of the 29 individuals, peripheral blood
mononuclear cells (PBMC) from at least one time point were
available for 13 patients with maraviroc intensification (MVC arm)
and 14 patients without MVC intensification (Control, CNT arm,
Table 1). The study was approved by the ethics committee of
Hospital Germans Trias i Pujol, Badalona, Spain. All patients gave
their written informed consent before enrolling in the study.

Flow cytometry for T cell phenotype analysis

PBMC were thawed and rested overnight at 37°C in
RPMI1640 supplemented with 10% heat-inactivated FCS,
100 U/ml penicillin, 100ug/ml streptomyein, and 2 mM gluta-
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mine (R10). The following day, the cells were stained with LIVE/
DEAD Fixable Dead Cell Stain Kits (Invitrogen), washed and
stained with the following antibodies: anti-CD3-APC-Cy7, anti-
CD4-V450, anti-CD8-PE-Cy7, anti-CD45RA-APC  (BD
Biosience), and anti-CCR7-PE (e-BioScience). The cells were
washed and fixed with 1% Formaldehyde in PBS. All data were
collected on a BD LSR II flow cytometer (BD Biosience) and
analyzed using FlowJo 8.7.7 (TreeStar).

Peptides

A set of 410 overlapping-peptides (OLPs) was used to screen for
HIV-specific T-cell responses [19]. The peptides spanned all HIV-
1 proteins and were based on the HIV clade B consensus sequence
of 2001, available at the Los Alamos National Laboratory HIV
immunology database. For ELISpot analyses, peptides were used
in a matrix layout of 6-12 peptides per pool for comprehensive
screening as previously described [19]. Reconfirmations of all
positive wells in the matrix screen were performed the following
day on a single-peptide base. For multi-functional analysis by flow
cytometry, peptide pools were used that contained peptides
spanning either full-length Gag, Protease, RT, IN, gp120, gp4l,
or Nef. Peptides spanning Tat, Rev, Vif, Vpr, and Vpu were
combined into one peptide pool (accessory proteins peptide pool.
“Acc”).

IFN-y ELISpot assay using ex-vivo PBMC and in-vitro
expanded T cells

Thawed PBMC were rested for 3 hrs at 37°C in R10. If
sufficient PBMC were recovered, thawed cells were used directly
in IFN-y ELISpot assays (11 and 7 samples at baseline, 6 and 7
samples at week 24, and 8 and 7 samples at week 60 in the CNT
and MVC arm, respectively). In addition, 1 x10° thawed cells were
stimulated with an anti-CD3 monoclonal antibody and cultured
for 2-4 weeks in R10 supplemented with 50 U/ml of recombinant
IL-2 [20]. Before use in ELISpot assays, the expanded cells were
washed twice with R10 and incubated overnight at 37°C in the
absence of IL-2. Per well, 75,000--100,000 cells were used and
peptides were added as in the direct ex-vivo assay. Thresholds for
positive responses were defined as 1) at least five spots (50--66
SFC/10°% PBMC) per well, ) as responses exceeding the mean of
negative wells plus 3 standard deviation and 3) responses
exceeding three times the mean of negative (no peptide) wells;
whichever was the highest. For reconfirmation ELISpot, the
remaining cells and cells from negative wells from initial matrix
screens were recycled as previously described [20].

Flow cytometric analysis of CD8" T cell function

Thawed PBMC were rested overnight at 37°C in R10. The
following day, costimulatory antibodies (anti-CD28 and anti-
CD49d at 1ug/ml; BD Biosciences) and monensin {(GolgiStop; BD
Bioscience) were added, and cells were stimulated with the
different peptide pools (5ug/ml per peptide) as indicated. A
negative (no peptide) and a positive control (phorbol-12-myristate-
13-acetate (PMA at 10 ng/ml and ionomycin, 1 uM) were included
in each assay. Following incubation for 6 hrs, the cells were
washed with PBS containing 1% FCS and the fluorescent reactive
dye (Invitrogen) for dead cells was added. Cells were washed again,
and stained with anti-CD3-V450, anti-CD8-PerCP, and anti-
CD107a-PE (BD BioScience). Following washing, the cells were
fixed and permeabilized using Fix & Perm cell permeabilization
reagents (Invitrogen). The cells were then stained with anti-MIP-
1B-FITC, anti-IL-2-PE-Cy7, anti-IFN-y-APC (BD Bioscience).
Data were collected on a BD LSR II flow cytometer (BD
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Table 1. Characteristics of participants.

Estimated
duration from

patient ID age infection baseline week24 week60

VL CD4 CcDs8 VL D4 b8 VL cD4 cD8

(year-old) (months) (copies/ml) (cells/zd) (cells/) (copies/ml) (cells/ ) (cells/A) (copies/ml) {cells/A) (cells/ )

Control group (n=14)
01022 28 6.2 61,000 606 873 50 843 731 50 741 606
01025 32 58 36,000 287 691 b50 446 809 50 432 527
01028 26 3.1 490,000 366 1,893 56 518 900 “not determined
01030 21 4.0 19,000 297 1,124 50 435 464 50 650 650
01032 32 4.5 200,000 372 1,830 200 478 956 50 580 825
01036 42 5.1 40,000 273 1,034 50 352 641 50 429 617
01037 40 32 226,000 589 1,326 50 533 999 50 556 641
01039 26 8.6 63,000 450 1,125 50 654 1,162 “not determined
01040 50 2.8 1,500,000 379 2,245 5230 601 631 50 620 589
01044 35 38 540,000 454 1,127 50 962 1,683 50 396 834
23010 26 4.7 51,001 . 629 1,204 b50 624 559 50 649 593
23012 38 4.0 10,738 656 579 50 688 615 “not determined
23013 39 4.1 30,210 492 1,624 94 644 984 50 624 635
23019 32 65 8,497 620 1,033 b50 688 899 50 543 688
median 32 43 38,000 452 1,126 50 613 854 50 580 635
(itnterquartile range) (26-39) (3.7-5.9) (16,935-272,5000) (349-610) (993-1,676) (50-65) (470-688) (627-989) (50-50) (432-649) (593-688)
MVC intensified group (n=13)
01021 39 5.1 46,000 649 1,750 50 954 1,371 “not determined
01027 32 6.6 120,000 558 888 50 767 684 50 941 811
01034 33 4.6 12,000 310 496 55 285 498 ‘not determined
01035 35 4.2 320,000 384 1,024 50 706 1,169 50 984 1312
01041 34 2.0 160,000 619 1,695 50 1,034 853 50 542 383
01042 33 23 140,000 280 1,595 50 602 1,228 50 654 782
01043 37 23 320,000 617 1,163 50 679 928 “not determined
01045 49 1.1 470,000 639 408 60 1,077 661 50 832 407
23005 28 54 5,666 421 666 50 572 717 50 500 521
23007 26 22 149,556 641 1,124 50 770 1,183 50 839 896
23011 31 58 11,081 454 1473 b50 680 1,214 50 843 1,448
23015 42 8.2 54,216 283 2,384 61 492 1,638 50 743 1,974
23016 35 6.8 51,478 397 719 50 653 642 50 515 480
median 34 4.6 120,000 454 1,124 50 680 928 50 788 797

asuodsay [[3) L UO JOMARIB JO 10343



= | g
I "
3|7
SRR
viE =
= | @
I3
WP
3138
vlE |
° E
w
L [y
v [ Y
o la|lo o
IR AN RG]
3|
N
alsig
[V U -1
38
¢ |2 |F
als |k
[ A )
< E
w
g Q@
v [T
¢ 3! 9 |0
ESR I A
g
O
38
)
W= im
o
S8 8
= | &
Xy
L]
31315
vid |2
=)
[
=g
o| |E|R
£ g
4 21
318188
£
]
5=
[ - w
S55 -
® 2.2 £ |~
ERT T € |9
= =0 O,},
W 3'e £ |~
w oL Eid
3
?®
mm
& o | L
® S )
- g
g g
&
u o
- o £
b~}
o z g
Q g ]
E i s
o =

0.6472

0.0378

0.7263 0.25471

05925

0.5603

0.6623

0.5541

P valye

a: data from the closest previous timpoint for VL, CD4, CD8. The gap was 14-35 days.

b: not analyzed in this study because of sample limitation.

c: not determined because of lost patients.
doi:10.1371/journal.pone.0087334.t001

PLOS ONE | www.piosone.org

i

120

Effect of Maraviroc on T Cell Response

Biosience) and analyzed using FlowJo 8.7.7 (TreeStar). After
gating for each effector function, a Boolean gate platform was used
to create the full array of possible combinations and SPICE
software (version 5.22) was used to analyze the polychromatic flow
cytometry data. We applied a threshold for positive responses
using negative values distribution after background subtraction
(i.e. unstimulated cultures), as previously described [21].

Statistical analyses

Statistical analyses were performed using Graph Pad Prism 5.0.
The results are given as medians and interquartile range (IQR) as
indicated. Mann-Whitney test and Wilcoxon matched paired test
were used for unpaired and paired comparisons, respectively. For
multiple comparison analysis, we performed Bonferroni correc-
tion. Correlations between ex-vivo and in-vitro ELISpot data were
analyzed by using Spearman’s rank correlation coefficient, and
linear regression analysis.

Results

Changes in CD4* and CD8" T cell count and their
differentiation status

HIV-1-specific T cell responses are known to decrease upon
cART initiation, although not all responses and specificities may
show similar decay kinetics [22,23]. To determine whether
maraviroc-intensified cART would lead to an equally rapid or
even faster decay of global T cell responses to HIV-1, longitudinal
changes in the breadth and magnitude of total HIV-1-specific T
cell responses were compared between the maraviroc and control
study arms at week 24 and week 60, i.c. 12 weeks after stopping
maraviroc intensification. As previously reported, plasma viral
load decreased under the limits of detection within the first 4-week
cART in most patients [18]. CD4* T cell counts showed higher
increases in the MVC subjects at week 12 and were significantly
elevated in the MVC arm at week 60 when compared to the
control subjects (p=0.0378, Table 1 and ref [18]). At the same
time, the decay in CD8" T cells was significantly slower in MVC
subjects than in the control subjects (Fig. 1A and [18]) To examine
whether these effects on CD4" and CD8* T cell counts were
associated with a modulation of T cell differentiation markers, the
expression of CD45RA and CCR7 was assessed over time and
compared between the two groups. The data show that the
frequency of effector memory (EM, CD45RA™/CCR77) CD8™ T
cells was significantly decreased in both study arms at week 24 and
week 60 compared to baseline, possibly reflecting the strong
reduction in viral loads in both arms upon cART initiation
(Fig. 1B). No significant changes for any other CD4" or CD8" T
cell subset was observed, neither over time nor between study
arms. These data indicate that maraviroc does not affect T cell
differentiation during and after maraviroc intensification and that
the different kinetics of CD4* and CD8" T cell counts between the
arms are not reflected by gross alterations in differentiation
markers.

Maraviroc intensification is associated with maintenance
of HIV-1-specific T cell responses

To assess whether the effect of maraviroc intensification on cell
homeostasis affected the magnitude, breadth and specificity of the
HIV-1-specific T cell response, we performed IFN-y ELISPOT
assay on PBMC from individuals in both arms of the study using a
18-mer overlapping peptide (OLP) set covering the full HIV-1
proteome [19]. At baseline, the median magnitude of HIV-1-
specific T cell responses in all patients was 2,708 SFC/ 10° PBMC
(range 395-13,860), with a median breadth of 6 (range 2--15)
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Figure 1. Differentiation status in CD4" and CD8" T cells. A. Changes of CD4" and CD8* T cell count in each subject. B. The proportion of naive
(CD45RAY/CCR7™), central memory (CM, CD45RA™/CCR7*), effector memory (EM, CD45RA™/CCR77), and Terminal effector memory (Tempa, CD45RA™/
CCR77) cells among CD4" and CD8™ T cells in the control (cross and hatched line) and MVC arm (circle and solid line). The median and interquartile
range (vertical line) are shown. Stars {control) and hatches (MVC arm) above the lines indicate significant differences relative to baseline values (p<

0.05).
doi:10.1371/journal.pone.0087334.g001

responses per individual (Fig 2, left hand panels). The magnitude
and the breadth in this cohort were considerably lower than that of
chronically infected patients reported previously but in line with
described breadth of responses in early, untreated HIV-1 infection
[19,24]. No significant difference was observed in magnitude and
breadth of HIV-1-specific response between the arms at any time
point (Fig. 2, right panels). When we assessed changes in the virus-
specific response in each arm, the magnitude of the HIV-1-specific
response in the control arm was significantly reduced by week 24
(median 454 SFC/10® PBMC (range 27-7584), p =0.0042) and
even more so by week 60 (median 115 SFC/10° PBMC (range 0-
1,475), p=0.0043, Fig 2A). In contrast, subjects in the MVC arm

did not show a significant reduction until week 60 when their .

median magnitude was still more than 5-fold higher than
responses in the control arm (median 691 SFC/ 10® PBMC (range
0-3,535), Fig 2A). Similarly, the breadth of response was reduced
over time as well, with significant reductions seen by week 60 in
the control arm but not in the maraviroc intensified group (Fig 2B).
There was no diflerence between the arms in regards to protein
specificity of the HIV-1-specific CD8" T cells that remained at 24
and 60 weeks after starting cART (data not shown).

To extend the longitudinal analyses of responses between the
intensificd and non-intensified arms of the study to additional
individuals for whom sample availability was limiting, we
performed the same analysis using i vitro expanded cells. Aside
from including additional individuals into the analyses, this also
offered the opportunity to test for potential differences in the
proliferative capacities of HIV specific T cells in the two arms.
Thawed PBMC were expanded using an anti-CD3 mAb and kept
in culture until sufficient cell numbers were reached. The culture
time needed between the two study arms was comparable (both
arms a median of 19 days), indicating intact proliferative capacities
of T cells in maraviroc intensified cART treated individuals. For
samples for which direct ex-vivo PBMC and in vitro expanded cells
were tested, the ELISpot results were compared to validate the
approach of using in vitro, unspecifically expanded cells. Overall,
the breadth of responses in expanded cells correlated well with the
direct ex-viwo results (Fig 3A, r=10.78, p<0.0001). The magnitude
of responses was generally increased in expanded cells, with later
time points (week 24 and 60) showing stronger recovery of
responses when compared to unexpanded cells (Fig. 3B). Of note,
the correlation between results from direct ex-vivo analyses and -
vitro stimulated cells became stronger over time (r=0.5235,
0.8455, 0.8720, and p=0.0374, 0.0018, 0.0004 for comparisons
at BL, w24, and w60 respectively). No differences were observed in
proliferative capacity between the arms These data indicate that in
both arms, HIV-1-specific T cell responses showed intact n-vitro
proliferative capacities after prolonged cART and that in settings
with limited sample availability, the m-uitro expansion approach
produces reliable data [25].

HIV-1-specific T cell responses measured in expanded cells
showed a significant decline in their magnitude during first 24
weeks in all subjects together (Fig. 3G, left panel). However, the
reduction was generally less than three-fold (median 8,110 SFC/
10° PBMC in BL and 2,656 SFC/10° PBMC in week 24) and thus
not as dramatic as in unexpanded cells (median 6.3 fold,
2,708 SFC/10° PBMC in BL, and 424 SFC/10° PBMC in w24)
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(Fig. 2A and 3C, left panel). When the longitudinal changes in
magnitude and breadth of responses were analyzed for each
treatment arm separately, no significant reductions at week 24 and
week 60 were noted (Fig 3C, D). However, when in-vitro stimulated
responses were compared between the two arms, there was a trend
that MVC-intensified subjects maintained stronger HIV-1-specific
response at week 24 than control individuals (median 1,450 IQR
277-2,965) in the control arm, 3,957 (1,714-13,018) in MVC,
p =0.0625, Fig. 3C, right panel). In addition, the median HIV-
specific response was three-fold higher in MVC (median 3,957
(275-4,691)) compared to the control arm (1,114 (2,394-6,882))
until week 60. These data further support the notion that HIV-1-
specific T cell responses are maintained for longer at higher levels
in subjects with maraviroc intensification compared to individuals
receiving non-intensified cART.

Poly-functionality of HIV-1-specific CD8¥ T cells is
maintained under MVC intensified cART

The ability of HIV-1-specific T-cells to respond to antigenic
stimulus  with multiple different effector functions has been
associated with the relative control of HIV-1 infection [26,27].
Since therapeutic strategies that aim at prolonged treatment
interruptions or even viral eradication, will possibly depend on
such polyfunctional T cell responses, we assessed the effector
functions of HIV-1-specific CD8" T cells in cART treated subjects
with and without maraviroc intensification. To this end, direct ex-
vivo isolated PBMC were stimulated using peptide pools covering
each of the viral proteins and analyzed for the expression of the
degranulation marker (CD107a) or the production of intracellular
cytokines, including IFN-y, MIP-1p, and IL-2. The frequency of
IFN-y producing T cell responses correlated well with the data
from the ex-wivo ELISpot analyses (Fig 4A, r = 0.8265, p<<0.0001).
The magnitude of the total HIV-1-specific CD8" T cell responses
with at least one effector function by flow analysis varied widely in
baseline samples (0.43% to 16.44% of total CD8" T cells across
arms) and, as expected, was reduced at week 24 and week 60
(Fig. 4B). Although the magnitude of total HIV-specific CD8" T
cells between the arms was comparable at the different time points,
a significant reduction in the strength of the ex-vivo response was
seen in the control arm but not in MVC arm, as observed in direct
ex vivo ELISpot analysis (Fig. 1A and 4B). Also, as the reduction in
frequency of HIV-specific CD8" T cell fractions with different
cytokine secretion pattern was similar between the two arms, the
data indicate that maraviroc intensification does not skew HIV-
specific CD8" T cell function (Fig. 4C). The same was observed
when the relative contribution of T cell populations with different
numbers of effecter functions to the total HIV-specific CD8 T cell
responses was compared between arms and over time (Fig. 4D),in
line with previous reports [26,28].

Discussion

Since its development as a HIV entry inhibitor, CCR5 has been
used as a target in several clinical studies of HIV infection as well
as in other applications, including auto-immune diseases, cancer
and transplantation [15,29--34]. Although some results remain still
controversial [11-15,17,32] blocking the CCRJ co-receptor is
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Figure 2. Longitudinal analyses of HIV-1-specific T cell responses in PBMC. The total magnitude (A) and breadth (B) of ELISpot responses at
baseline (BL), week 24 (w24) and week 60 (w60) are shown for all subjects together (left panels) and for each study arm separately (right panels,
crossed lines for control arm, circles for MVC arm). Horizontal lines represent median values of Spot-forming cells (SFC)/10° PBMC and the IQR,
respectively. Mann-Whitney test was used in all statistical analysis. Only p values with significance after Bonferroni correction was shown. The

numbers in parenthesis below the x-axis represent the median value.
doi:10.1371/journal.pone.0087334.g002

thought to suppress adverse immune activation and inflammation
by blocking the chemotactic activity via its inhibition of CCR5-
mediated signals. Due to its potential immune-modulatory
properties, maraviroc may thus also affect the HIV-specific
immune response, not necessarily only in a beneficial manner.
While a number of studies have described effects on total T cell
counts, CD4* and CD8" T cell kinetics and outcome of
vaccination to other pathogens [35-39], no study has, to our
knowledge, investigated the effect of MVC on the total HIV-1-
specific CD4" and CD8" T cell response. In the present study, we
investigated the effect of maraviroc intensification on HIV-specific
T cell responses in primary HIV-1 infected subjects treated with
standard cART or maraviroc intensified regimen. Although there
was no gross difference in specific T cell subsets, maraviroc
intensification showed extended maintenance of stronger HIV-1-
specific T cell responses when compared to non-intensified
treatment in PBMCs.

Our data in recently infected and early treated mdividuals
showed that maraviroc Intensification accelerated recovery of
CD4" T cell counts and maintained higher CD4" T cell count
after its discontinuation (Table 1 and [18]). As CD4" T cell help is
critical for maintenance of memory CD8* T cells [40], this early
increase of CD4" T cells may also provide the basis for the
extended maintenance of virus-specific T cell responses. Alterna-
tively, the maintenance of higher HIV-1-specific T cell responses
in maraviroc intensified subjects may be a reflection of a slower
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reduction in the total CD8" T cells in the peripheral blood. This
would be in line with clinical data showing that maraviroc
intensification increase CD4" T cells faster and reduce CD8" T
cell slower than non-intensified regimen (Fig. 1A and [18]). In
addition, others have recently reported that maraviroc intensifi-
cation increased CD8" T cell counts in peripheral blood and
decreased CD8" T cells in rectal tissue in chronically HIV-infected
subjects on stable cART [17], suggesting a possible n o
redistribution of T cells by maraviroc. However, the relative
changes of total CD8* T cell counts between control arm and
intensified group were less pronounced than the extensive changes
in HIV-specific CD8" T cell frequencies, making it unlikely that a
MVC-driven redistribution of virus-specific CD8" T cells would be
the sole driving force behind the prolonged maintenance of these
cells in the peripheral blood. Maintenance of virus-specific T cells
has also be linked to the availability of cognate antigen[22]. As the
reduction in virmeia in both arms was comparable, additional
mechanisms may be at work in maraviroc-intensified individuals
that lead to extended presence of cells. As shown in previous
analyses, not all HIV-specific T cell response contract with the
same kinetics and some even expand after cART initiation[23]. As
there were no differences in the specificity of HIV-specific T cell
response between the two arms in the present study, the
mechanism for the maintenance of responses in the MVC
intensified group remain unclear. One possibility is that the slower
CD4 T cell decline in the intensified arm [18], together with a
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Figure 3. Longitudinal assessment of HIV-specific T cell responses with /n vitro expanded T cells. A. Relationship of the breadth between
responses detected by direct ELISpot and ELISpot using in vitro expanded cells. Responses on the x-axes represent the total HIV-1-specific responses
in direct ELISpot, and the y-axes indicate total HIV-1-specific responses in expanded ELISpot for samples taken at baseline {circle), week 24 (square),
and week 60 {(triangle). B. Relationship of the magnitude between direct ELISpot and expanded ELISpot at each time point. cross: control arm, circle:
MVC arm. The lines in A and B show linear regression lines. C, D. Changes in magnitude and breadth of total HIV-specific T cell responses in expanded

ELISpot are
doi:10.1371
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shown as in Figure 2.
/journal.pone.0087334.g003
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