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Abstract

Background—HIV-1 shedding from the female genital tract is associated with increased sexual
and perinatal transmission, and has been broadly evaluated in cross-sectional studies. However,
few longitudinal studies have evaluated how the immune microenvironment effects shedding.

Methods—Thirty-nine HIV-1-infected women had blood, cervicovaginal lavage (CVL), and
biopsies of the uterine cervix taken quarterly for up to five years. Cytokines/chemokines were
quantified by Luminex assay in CVL and cellular phenotypes were characterized using
immunohistochemistry in cervical biopsies. Comparisons of cytokine/chemokine concentrations
and the percent of tissue staining positive for T cells were compared using generalized estimating
equations between non-shedding and shedding visits across all women, and within a subgroup of
women who intermittently shed HIV-1.
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Results—Genital HIV-1 shedding was more common when plasma HIV-1 was detected.
Cytokines associated with cell growth (IL-7), Thy cells/inflammation (IL-12p70), and fractalkine
were significantly increased at shedding visits compared to non-shedding visits within intermittent
shedders and across all subjects. Within intermittent shedders and across all subjects FOXP3+ T
cells were significantly decreased at shedding visits. However, there were significant increases in
CD8+ cells and proportions of CD8+FOXP3+ T cells associated with HIV-1 shedding.

Conclusions—Within intermittent HIV-1 shedders, decreases in FOXP3+ T cells at the
shedding visit suggests that local HIV-1 replication leads to CD4 T cell depletion, with increases
in the proportion of CD8+FOXP3+ cells. HIV-1-infected cell loss may promote a cytokine milieu
that maintains cellular homeostasis and increases immune suppressor cells in response to HIV-1
replication in the cervical tissues.
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INTRODUCTION

Globally, transmission of human immunodeficiency-1 (HIV-1) occurs predominantly
through heterosexual transmission. Of concern is transmission that involves women,
particularly those not receiving antiretroviral therapy (ART), because they are at the nexus
of sexual and perinatal HIV-1 transmissions. Trauma, inflammation and immune
activation, 26 sexually transmitted infections,’ phase of the menstrual cycle,89 and changes
in presence of Lactobacillus species,19-12 have been associated with HIV-1 shedding from
the female genital tract (FGT). These studies are often cross-sectional and do not take into
account subject-specific variation in inflammatory markers or the vaginal microenvironment
that can drive HIV-1 shedding. Longitudinal studies of women who intermittently shed
HIV-1 provide an opportunity to evaluate changes in the genital tract microenvironment that
could provide insight into an important public health issue.

CDA4+ T helper cells are the primary target for HI\V-1 infection /in vivo and the most likely
source of HIV-1 shedding. Thy, Thy, Thy7, and Treg helper cells are detected at the uterine
cervix from women with cervical cancer.13 However, only Thy7 cells from the uterine cervix
have been examined early after HIV-1 infection and were apparently depleted compared
with HIV-1 negative women.1415 As inflammation has been associated with HIV-1
shedding, we hypothesized T helper cells and cytokines associated with inflammation (Th;
and Thy7) would be increased in the uterine cervix at shedding compared with non-shedding
visits in HIV-1 infected women. The immune milieu was assessed for T helper subsets (Thy,
Thy7, and TReg) Using immunohistochemical staining of uterine cervical biopsies and for
inflammatory cytokine/chemokine profiles in cervicovaginal lavage (CVL) using
multiplexed Luminex assay in the same women with and without HIV-1 shedding.
Additionally, a subset of women with intermittent HIV-1 genital shedding was evaluated
longitudinally.
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METHODS

Study Population and Design

Fifty-seven HIV-1-infected women from Seattle, WA and Rochester, NY had blood,
cervical secretions, and cervical biopsy specimens taken every 3-4 months for up to five
years from 2003-2008. Women with CVL and formalin fixed paraffin embedded (FFPE)
cervical biopsy samples and with clinical assessments of genital health (sexually transmitted
infections (STI), bacterial vaginosis (BV), cervicitis, and yeast) were included in the current
study. Genital HIV-1 shedding was defined as HIV-1 RNA detected at >30 copies/mL.
Subjects were categorized as described® into non-shedders (HIV-1 never detected in CVL),
intermittent shedders (at least 1 visit with and without shedding) or as persistent shedders
(HIV-1 detected in CVL at all visits) based on shedding data from all visits in the parent
study (median 6 visits, interquartile range (IQR): 5-10 visits). In the current study a smaller
number of visits were assayed for each outcome due to limited sample availability
(Supplemental Figure 1). All women provided informed consent through the University of
Washington or University of Rochester Institutional Review Boards for participation in this
study.

Specimen processing and assessments for STI and genital health were evaluated at each
study visit as described elsewhere.316 Briefly, these included detection of: BV by gram stain
using the Nugent criteria; Nefsseria gonorrhoeaa and Chlamydia trachomatis by a combined
nucleic acid test (Aptima Combo2, Gen Probe, San Diego) using urine or genital secretions;
Lactobacillus and Candida albicans assessed by culture; and 7richomonis vaginalis by
culture using the In-Pouch TV (BioMed Diagnostics, White City OR). Human papilloma
virus (HPV) positivity was assessed via questionnaire and via pelvic examination. Serology
at enrollment was used for detection of herpes simplex virus one (HSV-1), HSV-2, and
cytomegalovirus (CMV).

Luminex assay for quantification of cytokines and chemokines

Ten mL of 1 x phosphate buffered saline (PBS) was used to wash the uterine cervix as
described!6 and divided into 1.5 mL aliquots and frozen at =80° C until thawed for cytokine
assessments. Cytokines were selected to evaluate cell trafficking or growth (e.g. fractalkine,
RANTES, SDF-1, TGF-B1, and IL-8; or IL-2, IL-7 and IL-15), and different T helper
populations associated with inflammation (Thy: IFN-y, IL-2, 1L-12p40, IL-12p70; TRreg:
TGF-B1 and IL-10; Thy7. TGF-B1, IL-6, IL-17, IL-21, IL-23) or general inflammation (IL-6,
IL-10, TNF-a, SCD40L). Multiplexed Luminex assays were performed for fractalkine, IFN-
v, TNF-a, sCD40L, IL-2, IL-6, IL-7, IL-8, IL-10, IL-12p40, IL-12p70, IL-15, IL-17 and in a
separate multiplex plate for SDF-1, IL-21 and IL-23 (Millipore, Bellirica, MA). Single-plex
assays were performed for TGF-B1 and RANTES (Luminex). Fifty uL of CVL fluid was
assayed using secretions collected with 7 mL of 1 x PBS.16 Standard curves were used to
establish the lower limit of quantification (LLQ); when factors were below the
manufacturer's LLQ cytokine concentrations were set at half of LLQ. All longitudinal
samples from a subject were assayed in duplicate on the same plate to avoid inter-plate
variation. Intra-plate coefficient of variation (CV) was <2% (median 1.68% interquartile
range (IQR): (0.34, 3.47) across cytokines, while inter-plate variation was higher (median,
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6.48, IQR: 3.57, 12.62). Six cytokines had > 80% of assays below the LLQ (IFNy, IL-2,
IL-17, IL-21, IL-23, and SDF-1) and were not included in additional analyses.

Formalin Fixation of Cervical Biopsies and Immunohistochemistry (IHC)

Cervical biopsies were collected as described!’” using Baby Tischler forceps and placed into
4% paraformaldehyde for four hours followed by 70% ethanol prior to embedding in
paraffin. Cervical biopsies were cut into 5-micron sections using a Leica RM 2235
Microtome (Leica, Buffalo Grove, IL) and placed onto Superfrost Plus slides (Superfrost
Plus, Fisher Scientific, Waltham, MA). Fixed tissues were deparaffinized in xylene and
rehydrated in 100%, 95% and 70% ethanol followed by double distilled water.18

Antigen retrieval was performed for 60 min in a vegetable steamer in DIVA Decloaker
(BioCare, Concord, CA) followed by cooling to room temperature (RT), then rinsed with 1
x Tris-buffered saline (TBS)/0.1% Tween. Endogenous peroxidases were quenched using
3% H-0, peroxidase applied for 10 minutes (min) followed by a wash (submerging three
times in 1x TBS/0.1%Tween). Sniper (BioCare) was applied to tissue sections for 10 min to
block non-specific binding. The following rabbit anti-human antibodies (Ab) were applied
individually: polyclonal FOXP3 (Abcam, Cambridge, MA), polyclonal T-bet (Santa Cruz
Biotechnology, Dallas TX, clone H210), polyclonal RORy (Abcam), or Ki67 (Dako,
Carpinteria, CA, clone MIB-1) and incubated for 30 min at RT then washed and incubated
with mouse anti-human Ab against CD3 (Biocare, Concord, CA, clone PS1) or CD8 (Santa
Cruz Biotechnology, clone UCH-T4) for 30 min at RT. Sections were washed then
incubated with MACH 11 (BioCare) containing secondary anti-mouse and anti-rabbit Ab
conjugated to horse radish peroxidase or alkaline phosphatase, respectively. CD3 and CD8
were developed using Vulcan Red (BioCare) followed by development of FOXP3, T-bet, or
Ki67 with DAB (BioCare). Attempts were made to optimize ROR-y Ab staining, but
background was too high for evaluation. Slides were counterstained with hematoxylin,
rinsed with water and 1x TBS, and dehydrated with 95% then 100% ethanol then cover-
slipped using VectaMount (Vector Labs, Burlingame, CA).18 Sections were scanned using a
Nanozoomer 2.0 HT (Hamamatsu, San Jose, CA) and analyzed using Visiopharm software
(Broomfield, CO). All cervical sections were counterstained with hematoxylin and evaluated
microscopically for presence of histological abnormalities.

Statistical Analysis

A Fisher's exact test was used to compare the proportion of visits where a plasma viral load
was detected in the absence or presence of genital HIV-1 shedding. A Kruskal-Wallis test
was used to compare age at enrollment between shedding categories, and a Fisher's exact
test was used to compare race by shedding status and the proportion of women with and
without human papilloma virus (HPV). Generalized estimating equations (GEE) with an
independent correlation matrix and robust standard errors was used to evaluate CD4 count
and number of WBC in cervix or vagina across all study visits between never, intermittent,
and persistent shedders.

Generalized estimating equations were used to evaluate associations between HIV-1
shedding, BV, yeast, and cervicitis and used for logg transformed cytokine/chemokine
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concentrations and the percent of tissue staining positive for different markers. Analyses
were adjusted for logig HIV-1 plasma viral load, BV positivity, cervicitis, and yeast, and
accounted for multiple visits within a woman. Measures were initially compared between
non-shedding and shedding visits within intermittent shedders, followed by comparing non-
shedding and shedding visits across all women. Subsequent comparisons were performed
within non-shedding visits between never—shedders and intermittent shedders, within
shedding visits between the intermittent and persistent shedders, and between never and
persistent shedders. All analyses were conducted using Stata SE v12 (StataCorp, College
Station, Texas). All tests were two-sided and p-values <0.05 were considered significant.

RESULTS

Study Visits and Subject Characteristics

Fifty-seven women (38 from Seattle and 19 from Rochester) were enrolled in the original
study; 39 (30 from Seattle and 9 from Rochester) subjects had CVL, FFPE samples and
physical assessments of genital health and were included in the present sub-study. Cytokines
assessments included 39 subjects with 50 non-shedding and 31 shedding visits, whereas IHC
assessments included 27 subjects with 29 non-shedding and 14 shedding visits. Twenty-one
women were classified as non-shedders (based on median of 6 (IQR 3-9) study visits), 14 as
intermittent shedders (based on median of 8 (IQR 5-10) study visits), and four as persistent
shedders (based on median of 5 (IQR 3-11) study visits). Within intermittent shedders there
were 14 subjects for cytokine assessments with 20 non-shedding and 21 shedding visits,
while for IHC assessments there were 10 subjects with 9 non-shedding and 10 shedding
visits (Supplemental Figure 1). The majority of the 39 subjects were either African
American (59%) or White women (26%) with fewer from other racial/ethnic groups [Pacific
Islander (5%), Hispanic (5%), American Indian, (3%) and other (3%)].

Genital Shedding, Plasma Viral Load, and Sexually Transmitted Infections

Genital shedding was more frequently detected when plasma viral loads were detectable; of
the non-shed visits 25/50 (50%) had detectable plasma viral load whereas all shed visits
(31/31, 100%) had detectable plasma viral load (p <0.001). The median genital HIV-1
concentration at shedding visits was less than 1,000 copies/mL (median 771 copies/mL,
IQR: 126 — 5,270 copies/mL). There were no significant associations between age at
enrollment and HIV-1 shedding (p=0.25), or in longitudinal analysis adjusting for plasma
viral load between CD4 count (p=0.08), the number of WBC in the cervix (p=0.32) or
vagina (p=0.70) and HIV-1 shedding category. African American women made up 59% of
this cohort, and represented a significantly larger proportion of intermittent (93%) than
never (38%) or persistent shedders (50%; p=0.002). None of the women in this cohort had
detectable N. gonorrhoeaa or C. trachomatis. Three women had 7. vaginalis detected at a
total of four study visits; two of these women had persistent genital shedding. Twenty-two
of 39 women were BV positive at 33/81 (41%) study visits, and 10/39 women had yeast at
20/81 (25%) study visits. Thirteen of the 39 women reported having HPV, but there were no
significant differences between shedding categories (p=1.00). Similar to our previous
reports,312 BV and yeast were significantly associated with HIV-1 shedding, however after
adjusting for plasma viral load only BV remained significantly associated with shedding
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(mean logyq difference (B) 1.42, IQR: 0.81, 2.02, p<0.0001). Because STI were of low
prevalence, they were not included in additional analyses. However, BV, cervicitis, and
yeast were adjusted for in the current analysis.

Cytokines/Chemokines Associated with HIV-1 Genital Shedding

Within the intermittent shedders after adjustment for plasma viral load, BV, cervicitis, and
yeast, fractalkine, IL-7, and IL-12p70 remained significantly increased at shedding visits
compared with non-shedding visits (Table 1). Within intermittent shedders mean logq IL-10
trended higher at shedding visits (§ 0.16, IQR: —0.03, 0.34, p=0.10). Across all subjects
when comparing shedding to non-shedding visits fractalkine ( 0.39, IQR: 0.17, 0.61;
p=0.001), IL-7 (§ 0.29, IQR: 0.10, 0.47; p=0.003), IL-10 ( 0.23, IQR: 0.08, 0.38; p=0.003),
IL12p70 (B 0.18, IQR: 0.08, 0.29; p=0.001) and sCD40L (j 0.17, IQR: —0.001, 0.34;
p=0.05) were significantly increased at shedding visits. Six cytokines had concentrations
below LLQ for >80% of their evaluations and were therefore excluded from the final
analysis.

We further explored whether there were differences in cytokines concentrations between
shedding categories. Fractalkine was slightly lower within intermittent shedders at non-
shedding visits compared to never shedders, but did not reach significance. However,
fractalkine was significantly higher at shedding visits from intermittent shedders than within
persistent shedders. There were no significant differences in fractalkine between never and
persistent shedders (Table 1). IL-7 concentrations were not significantly different between
never and persistent shedders, and intermittent shedders at non-shedding visits. IL-10 was
significantly higher in the persistent shedders compared with intermittent shedders at
shedding visits. IL-12p70 was slightly lower at non-shedding visits from intermittent
shedders compared to never shedders, but this did not reach significance. IL-12p70
concentrations were similar between never and persistent shedders (Table 1).

T cell Subtypes Associated with Genital Shedding

Within intermittent shedders the median percent of tissues staining positive for T cell
markers were generally lower at shedding visits compared to non-shedding visits (Table 2).
After adjusting for plasma viral load, BV, cervicitis, and yeast, within the intermittent
shedders there was a significant decrease in the percent of tissue staining FOXP3+ ( —0.24,
IQR: —1.39, 0.05; p<0.0001), and tissues staining positive for CD3+FOXP3+ ( -0.67, IQR:
-1.39, 0.05; p=0.07) and T-bet+ cells (§ 0.67, IQR: —1.42, 0.08; p=0.08) trended lower at
shedding compared to non-shedding visits (Table 2). When comparing non-shedding to
shedding visits across all subjects the percent of tissue staining positive for FOXP3+
remained significantly decreased with HIV-1 shedding (§ —0.21, IQR: —0.38, —0.05;
p=0.01).

When T cell populations were evaluated by category there was a gradual increase in the
percent of tissues staining positive for CD8+ and CD8+FOXP3+ T cells from non-shedders
to intermittent and persistent shedders, with persistent shedders having significantly higher
CDB8+ and CD8+FOXP3+ T cells (CD8+ f 0.41, IQR: 0.11, 0.72; p=0.008; CD8+FOXP3+
0.1.02, IQR: 0.50, 1.54; p<0.0001) (Figure 1 and Table 2). Conversely, there was a gradual
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decrease in the tissue staining Ki67+ from non-shedders to intermittent (3 —0.06, IQR:
-0.12, -0.37; p=0.03) and persistent shedders with persistent shedders having significantly
less proliferation compared with never shedders ( —0.59, IQR: —-0.81, —0.37; p <0.0001)
(Table 2). Comparing never shedders to intermittent shedders, non-shedding visits showed
no significant differences in T cell populations. A significant decrease in FOXP3+ T cells
was noted in persistent shedders compared with never shedders ( —0.61, IQR: —1.13, -0.10;
p =0.02). CD3+ T-bet cells were significantly increased in persistent shedders compared
with non-shedders (Table 2).

Thy7 cells were not evaluated in these subjects because of high background staining. No
clinically significant histological abnormalities were observed in cervical biopsies upon
microscopic examination in women from this study.

DISCUSSION

The primary findings from this study are increases in cytokine/chemokine profiles
associated with cell growth and recruitment of Thy or Treg cells, most apparent in
intermittent shedders, when subjects had HIV-1 shedding from the genital tract. Women
with intermittent shedding further showed decreases in FOXP3+, with trends towards
decreasing CD3+FOXP3 and T-bet+ T cells at shedding visits in contrast to our original
hypothesis. There were significant increases in cytokines/chemokines accompanied by
decreases in cell populations observed in the overall analysis. However, longitudinally when
we evaluate intermittent shedders, who contribute both non-shedding and shedding visits,
the associations become stronger and in the IHC analysis these associations became more
apparent. Specifically, we observed significant increases in chemokines that promote
recruitment of Thy and FOXP3+ T cells to tissue sites (IL-7, fractalkine),1%-20 and cytokines
that maintain memory T cells (IL-7) and Thy/inflammation (IL-12p70). Importantly, the
mucosal microenvironment associated with active HIV-1 shedding in this cohort is
consistent with local viral replication12:521 in the genital tract or associated lymph nodes
rather than the passive transfer of virus from plasma to genital tissues.?2 The decreased
number of FOXP3+ and T-bet+ T cells in the cervix during genital shedding may be due to
increased cell death associated with viral replication,23 changes in T cell phenotype due to
down-regulation of FOXP3+ associated with increases in 1L-7,2425 or may reflect
trafficking of these cells to local lymph nodes where HIV-1 is thought to primarily
replicate.26-28 This work is to our knowledge, the first to evaluate the relationship of Thy
and Treg Subsets at the uterine cervix and genital HIV-1 shedding. As CD4+ T helper cells
represent the major target /n vivo for HIV-1 infection it will be important to better
characterize these subtypes in the FGT within larger cohorts of HIV-1 infected women.

Previous reports support our findings that HIV-1 shedding correlates with chemokines/
cytokines that attract Thy and Tgeg cells to the genital tract; i.e., fractalkine,1%31-35 but this
is not consistent across studies.® Increased concentrations of IL-7, a critical factor for
maintenance of memory T cells in tissues38 has been reported, but was no longer significant
after controlling for false discovery rates.3* Our current analysis did not adjust for false
discovery rates, although the factors identified in this study were consistently significant in
cross-sectional and longitudinal analysis after adjusting for plasma viral load and genital
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BV, cervicitis, and yeast, suggesting the signals are robust. IL-10 and I1L-12p70 were also
associated with HIV-1 shedding in this and other reports,#:35:37:38 byt in this cohort only
IL-12p70 remained significant after adjusting for BV, cervicitis, and yeast. We observed
unique cytokine patterns within intermittent shedders, particularly elevated pro-
inflammatory cytokine (TGF-p and IL-8) concentrations suggest the intermittent shedders
are different from never or persistent shedders. These data suggest that our intermittent
shedders were a “homogenous” population that may ordinarily have more inflammation or
other underlying conditions possibly due to the prevalence of African American women in
this group.39-41 In this study 1/3 of the women reported a history of HPV, however the
proportion of women with HPV was similar across categories. Other differences in study
outcomes may include how cytokines at or below the LLQ are evaluated,*31:42:43
sensitivities between assay platforms at the LLQ (multiplexed Luminex assays vs.
ELISA),14.6:35.38 sample processing?32-3% and volumes used to assay for cytokines.42

Across shedding categories we observed a gradual increase in the percent of tissue staining
positive for CD8+FOXP3+ T cells in parallel with decrease in cell proliferation (Ki67+
cells) a relationship that has not been previously described. These data suggest sustained
viral replication may promote expansion of CD8+FOXP3+ Tgeq cells due to chronic antigen
expression at sites of replication as noted in SIV infected macaques?® that may inhibit
cellular proliferation39 and suppress the immune response to HIV-1. Our data are in
agreement with cross-sectional studies showing increased or stable CD3+ and CD8+ T

cells, 4445 put differ from another study showing increases in Ki67+ cells associated with
genital HIV-1 shedding? rather than the decreases observed here. The increases in
CD8+FOXP3+ T cells with concurrent decreases in cell proliferation suggest accumulation
of Treg cells at the uterine cervix may contribute to shedding in some HIV-1 infected
women. Discrepancies across studies may be attributed to different study populations
(Kenya vs. United States) with different ART histories (naive vs. experienced),* differences
in the samples collected,? and assays used to assess T cell populations.24> This work
expands on previous studies showing Thy7 cells are depleted at the uterine cervix early after
HIV-1 infection448 by demonstrating Thy and Tgeg cells are either depleted or migrate to
sites of viral replication in women with chronic infection when HIV-1 is actively being shed.
While we were unable to evaluate whether Thq7 cells were depleted during HIV-1 shedding
itis likely that all CD4+ T cell subsets that are permissible for HIV-1 infection are depleted.

There are several strengths to the current study including the dynamic complexity of
studying cytokines and cells in the FGT and examining within an individual as she
transitions from a non-shedding to a shedding time point. The data emphasize the strength of
longitudinal studies, as increases in cytokine/chemokine concentrations and changes in T
cell populations were mostly or only apparent within women that contributed a non-
shedding and shedding visit for the study. The fact that this detailed and longitudinal
evaluation largely confirmed what has been observed by us®12 and others31-3% in cross-
sectional studies is encouraging and implies that our collective understanding of what is
happening in the FGT is expanding.

The limitations to the current study include the relatively small number of women available
to perform analysis of transitions from non-shedding and shedding visits. Thy7 and Thy cells
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were not evaluated in this study because of high background with RORy antibody and
depletion of cervical biopsy samples, so these results remain exploratory.

In summary, cytokine/chemokine profiles associated with recruitment and maintenance of
Thy and Treg cells coupled with decreases in FOXP3+ and T-bet+ cells at mucosal sites
were associated with HIV-1 shedding in the FGT. Increases in CD8+FOXP3+ T cells at the
uterine cervix suggest women with chronic shedding may develop a more
immunosuppressive environment that inhibits immune responses to HIV-1 shedding. Further
research is required to confirm and extend these results to better understand the
microenvironment that promotes HIV-1 shedding within larger longitudinal cohorts.
Defining the microenvironment in the FGT associated with genital HIV-1 shedding is
critically important to advance our understanding of sexual and perinatal mechanisms that
promote HIV-1 transmission and might eventually provide insight into the development of
targeted vaccine or microbicide interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A) Never shedder B) Intermittent shedder: Non-shed visit

C) Intermittent shedder: Shed visit D) Persistent shedder

Figure 1.
Intermittent and persistent HIV-1 shedding are associated with increases in CD8+FOXP3+

T cells. Immunohistochemistry (IHC) of uterine cervix biopsies from a never shedder,
intermittent shedder, and persistent shedder showing increased staining of CD8+ and
CD8+FOXP3+ T cells associated with HIV-1 shedding. Polyclonal rabbit anti-human
FOXP3 followed by incubation with mouse anti-human CD8. Mach 11 containing ployclonal
secondary anti-mouse and anti-rabbit antibody conjugated to horse radish peroxidase and
alkaline phosphatase, respectivly were incubated as described in materials and methods.
FOXP3 was developed using DAB (brown) and CD8 was developed using Vulcan Red
(pink). Tissue sections were scanned using a Nanozoomer and analyzed using Visiopharm
software at 10x magnification. Arrows indicate cells that are CD8+FOXP3+ dual stained.
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