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Abstract

Whereas antiretroviral therapy (ART) suppresses viral replication, ART discontinuation results in
viral rebound, indicating the presence of viral reservoirs (VRs) established within lymphoid
tissues.

Herein, by sorting CD4 T cell subsets from the spleen, mesenteric and peripheral lymph nodes
(LNs) of SIVmac251-infected rhesus macaques (RMs), we demonstrate that effector memory
(TEM) and follicular helper (TFH) CD4* T cells harbor the highest frequency of viral DNA and
RNA, as well of early R-U5 transcripts in ART-naive RMs. Furthermore, our results highlight that
these two CD4 T cells subsets harbor viral DNA and early R-U5 transcripts in the spleen and
mesenteric LNs (but not in peripheral LN) of RMs treated with ART at day 4 post-infection
suggesting that these two anatomical sites are important for viral persistence. Finally, after ART
interruption, we demonstrate the rapid and, compared to peripheral LNSs, earlier seeding of SIV in
spleen and mesenteric LNs, thereby emphasizing the importance of these two anatomical sites for
viral replication dynamics. Altogether our results advance understanding of early viral seeding in
which visceral lymphoid tissues are crucial in maintaining TEM and TFH VRs.
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INTRODUCTION

To date, the identification of cellular and anatomic reservoirs and their eradication remains a
major challenge for an HIV cure [1]. Our understanding of the effect of current drug
regimens on virus burden in lymphoid and other tissues is incomplete. Proviral DNA levels
are predictive for viral rebound after treatment interruption [2]. Thus, persistence of HIV
proviral DNA is considered as one of the major impediments to eradicate the virus [3-10].
HIV proviral DNA persists throughout the lives of HIV-individuals, even when treated with
antiretroviral therapy (ART), and seems unaffected by ART intensification [11-15]. Several
groups have shown that the viral reservoir could be maintained by the proliferation of
infected cells [16—20] in which a large majority of provirus is defective due to extensive
deletion or hypermutation [21-24]. Other groups have proposed that ongoing viral
replication contributes to the maintenance of the viral reservoir (VR) [25-27], but this has
been challenged by others [28-31]. While the VR is seeded rapidly after infection [32], the
contributing role of peripheral blood and lymph nodes (LNs) has been challenged by the
observation that, in animal models, viral rebound after ART interruption (ATi) could occur
in the presence as well as in the absence of viral DNA in either compartment [32, 33]. Thus,
viral rebound may originate from anatomical sites that are different from peripheral blood
and LNs. Accordingly, actual quantitation of viral DNA in these anatomical sites may not be
enough to estimate the overall size of the VR in individuals [34]. Additional potential
candidates for anatomic sites that might contribute to the VR Jin vivo are visceral lymphoid
tissues which include both the spleen and mesenteric LNs. Mesenteric LNs constitute a
specialized lymphoid organ, that is essential in the genesis of the intestinal immune
response, as well as in draining the Gut-Associated Lymphoid Tissue (GALT). Furthermore,
mesenteric LNs are essential for oral tolerance [35, 36]. However, very little focus has been
given to these regions in respect to elucidating their role for the viral reservoir.

Central memory (TCM) and transitional memory (TTM) CD4 T lymphocytes are the main
cellular reservoirs in the blood of ART-treated individuals [37]. These reservoirs are
significantly enriched in CCR6" TCM [38]. It has been also proposed that HIV reservoirs
persist in long-lived stem cell memory CD4* T cells [39] and in CD4 T cells expressing
CD32 [40], although these results are controversial [41, 42]. Consistent with the fact that
HIV targets lymphoid organs, follicular helper (TFH) cells, a subset of memory CD4 T cells,
which are mainly localized in germinal centers, have been known to be infected by both HIV
and simian immunodeficiency virus (SIV) [43-49]. Recently, analyses of viral sequences in
the plasma of viremic controllers have indicated that viral sequences are closer to HIV DNA
sequences observed in TFH cells from peripheral LNs, than those observed in CD4 T cells
derived from peripheral blood [50]. However, little is known about the presence of SIV-
infected TFH in the spleen and mesenteric LNs under ART, particularly after early ART.
Thus, a better understanding of the nature and the dynamics of T cell subsets involved in
early infection and establishment of the tissue reservoir is of crucial importance.

In the present study, we analyzed the extent of early viral dissemination in lymphoid tissues,
including mesenteric LNs that drain the small and large intestines and spleen, in comparison
to peripheral LNs in non-treated and ART-treated rhesus macaques (RMs). Viral DNA and
RNA were analyzed, as well the presence of early R-U5 transcripts in sorted CD4 T cell
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subsets. Here, we provide evidence that the frequencies of TEM and TFH expressing viral
DNA and RNA are higher than that observed in the other T subsets. We also highlight the
importance of analyzing mesenteric LNs and the spleen, particularly regarding their
importance in terms of viral seeding and cellularity. Our results demonstrate that despite
early ART administration, TEM and TFH in the spleen and mesenteric LNs represent VRs.
This is in contrast to peripheral LNs in which we detected neither viral DNA nor early R-U5
transcripts. This persistence of viral DNA, detected in these anatomical and cellular sites,
may contribute to the viral rebound that occurs early after ATi. We also demonstrate the
rapid dissemination of SIV in the different tissues analyzed after ATi, detecting not only
viral DNA but also viral RNA. Our results may present a novel avenue to therapeutic
strategies that aim to target these populations in visceral tissues.

Frequencies of cell-associated viral DNA in lymphoid organs of acutely infected RMs.

Twelve (12) RMs were infected with 20 AID50 of SIVmac251 and sacrificed at day 4, 7, 11,
14, 18 and 30 post-infection, with 2 monkeys examined at each time point to determine the
early SIV seeding in lymphoid tissues (Table 1). Viral load (VL) was quantified from sera by
gRT-PCR and percentages of CD4*CD3™" and of CD8*CD3™" T cells were measured in the
blood and lymphoid organs of the different animals by flow cytometry. Five naive animals
were included for comparison. Table 1 summarizes virological and immune parameters. All
LNs from different regions were removed, including mesenteric LNs that are disseminated
along the colon and in the mesentery and cisterna chyli (Figure S1) [51]. CD4 T cell
subpopulations from mesenteric and peripheral (axillary and inguinal) LNs and the spleen
were sorted using specific antibodies (Table S1). The gating strategy is illustrated in Figure
S2. Subpopulations were defined as: naive CD45RA*CCR7%), central memory (TCM,
CD45RA™CCRT), effector memory (TEM, CD45RA"CCR7"), terminally differentiated
(TTD, CD45RA*CCR77) and TFH (CXCR5*PD-1Prighty A qPCR was performed after cell
sorting to determine the frequency of SIV-DNA+ T cell subsets. Viral DNA was detected at
day 7, mainly in TEM, TFH and TCM populations isolated from the spleen of SIV-infected
RMs (Figure 1A); viral DNA was not detected in mesenteric and peripheral LNs at day 7.
Thereafter, viral DNA was detected in the spleen, mesenteric and axillary/inguinal LNs
(Figure 1A). The TEM and TFH cell subsets isolated from the spleen and mesenteric LNs in
the acute phase showed higher frequencies of viral DNA copies per 10* cells compared to
naive cells, whereas TFH cells of peripheral LNs displayed a higher frequency of SIV-DNA
(Figure S3A, p values in red). After 18 days of infection, we observed a reduced frequency
of infected cells throughout the various cell subtypes and compartments (Figure 1A). The
TFH population had the highest frequency of SIV-DNA* cells in all the organs studied,
whereas in mesenteric and peripheral LNs, TEM and TCM cell subsets also showed a higher
frequency of SIV-DNA* compared to naive cells (Figure S3B, p values in red).

HIV reverse transcription is slowed down in quiescent cells, thereby preventing the
formation of a full-length double stranded DNA species [4, 52, 53] and consequently taking
around 3-5 days for completion [54, 55]. Thus, /n vitro infection of resting CD4 T cells
results in the production of early reverse transcripts that can be marker of early infection
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[54-56]. We found that these transcripts are detected in all the T cell subpopulations starting
at day 7 (Figure 1B). Our results demonstrated that in samples derived from mesenteric and
peripheral LNs, in which no viral DNA was detected at day 7 (Figure 1A), 102 to 10* copies
of R-U5 transcripts (Figure 1B) can be observed indicating a recent infection. The TFH cells
contained the highest levels of these reverse transcripts, over time, compared to naive cells
(Figure S3A, B, p values in blue) and their levels are 3 to 10-fold higher than the level of
SIV DNA detected in the same population (Figure S3A, B). Furthermore, contrasting with
the dynamics of cell-associated SIV DNA, we did not observe a major reduction in the levels
of early reverse transcripts after the peak of viral replication, suggesting that a large
proportion of CD4 T cells continue to be infected (Figure 1B and Figure S3B). Altogether,
our results demonstrate the early establishment of cell-associated SIV DNA in different
anatomical lymphoid sites targeting TEM, TCM and TFH cell populations.

Frequencies of cell-associated viral RNA in lymphoid organs of acutely infected RMs.

We then assessed viral RNA in the different CD4 T cell subsets. Cell-associated RNA was
detected from day 7 onward within splenic TEM, TCM and TFH cell subsets (Figure 1C).
From days 11-14, the TFH cell population was the subset expressing the highest level of
viral RNA in the spleen, but also in peripheral LNs and in mesenteric LNs compared to
naive cell subset (Figure S4A). At the initial steady state phase of infection, a drastic
reduction of viral RNA was observed in TEM and TFH cells, both in the spleen in peripheral
LNs and in mesenteric LNs. TFH cells express the highest levels of SIV RNA among all T
cell subsets examined (Figure S4B). Interestingly, one animal (#PB049) displayed high
levels of cell-associated viral RNA in mesenteric LNs (both TEM and TFH populations) at
day 18, which coincided with a high viral load (9.107 copies/ml) (Figure 1C). /n situ
hybridization of the spleen and mesenteric LNs in acutely infected RM (Figure S5) showed
the presence of SIV-RNA+ cells in the follicle as individual spots (Figure S5), and not a
diffuse signal corresponding to the accumulation of viral particles trapped in the follicle, is
consistent with a previous report [57], and with the detection of viral RNA in TFH cells.
Taken together, our results demonstrate that TFH and TEM cell subsets are the most
prominent T cells expressing viral RNA in lymphoid tissues early after infection.

To evaluate the capacity of TCM, TEM and TFH cells to produce infectious virus, cell
subsets isolated from mesenteric LNs of SIV-infected RMs were sorted and activated using
plate-bound anti-CD3 and anti-CD28 antibodies. Viral DNA content was evaluated by gPCR
before stimulation, showing similar levels in the three cellular subpopulations (Figure S6A).
Upon 4 days of stimulation, viral production was measured by qRT-PCR in the culture
fluids. The three subpopulations produced high levels of SIV, but statistically higher levels
were obtained from TFH cells (Figure S6B). To evaluate the infectious capacity of virus
produced by the different subpopulations, culture supernatants were used to infect CEMx174
cells and cell-associated viral DNA was quantified after 4 days. We observed that all three
subpopulations produced viruses, which were infectious for the reporter cell line (Figure
S6C). These results demonstrate that TFH and TEM are preferential SIV targets early after
infection in visceral lymphoid tissues and that integrated proviruses in these cells are fully
competent for RNA production and capable of releasing infectious viral particles.
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Pool of SIV-infected CD4 T cell subpopulations in RMs

After SIV infection, spleen and LNs are enlarged [58] and associated with increased tissue
fibrosis [59] whereas effector memory cells, including TEM and TFH, are depleted early
after SIV infection [46, 51, 60-62], this makes it necessary to determine the absolute
numbers of T lymphocytes after cell isolation. We then determined the absolute numbers of
each T cell subset within the different tissues analyzed. Thus, all the LNs localized in the
axillary and inguinal regions and mesenteric LNs, including the cisterna chyli, were
recovered upon euthanasia. 30 to 40 LNs were recovered from the mesenteric region per
SIV-infected RM, compared to only 20 LNs in healthy RMs. This LN expansion was also
associated with enlarged cisterna chyli. Thus, several billions of cells were recovered from
the mesenteric region. The submandibular and mediastinal LNs were not analyzed in these
monkeys. In Table 1, as well in Figure S7, we reported the total numbers of CD4, TCM,
TEM and TFH cell subsets recovered from each compartment. Our results indicate that total
CD4 T cell counts as well TEM and TFH declined at the initial steady state of infection in
the spleen, whereas a slight increase in the number of CD4 T cells derived from axillary and
inguinal LNs compared to healthy individuals was observed (Figure S7). In mesenteric LNs,
we also detected a reduction in TEM and TFH cells. Based on T cell numbers and the
frequency of cell-associated SIV DNA and RNA within each population, we then calculated
the pool of SIV DNA and RNA cells for each RM (Figure 2A, B). TCM and TEM cells
represent the main populations expressing SIV-DNA in all the tissues analyzed both during
acute and steady state phases of infection (Figure 2A, whereas TEM cells represent the most
abundant SIV-RNA population in lymphoid tissues (Figure 2B).

We also calculated the total burden of SIV DNA and RNA per organ during either the acute
(days 11-14) or initial steady state (days 18-30) phases of infection (Figure 3A). We found
that mesenteric LNs and spleen represented the main anatomical SIV DNA reservoirs at the
peak (days 11-14), accounting for 14.6- and 9.5-fold more DNA than peripheral LNs
(p=0.0054). Thereafter, total levels of SIV-DNA within mesenteric LNs decreased by half,
compared to the acute phase, and by approximately 75% within the spleen (Figure 3A). On
the contrary, an increase in the total quantity of cell-associated SIV DNA was observed from
the acute to the initial steady state phase of infection in peripheral LNs, mostly driven by the
increased number of CD4 T cells (Table 1). In all tissues analyzed, TCM and TEM
represented approximately 80% of the SIVV DNA cellular reservoirs, regardless of the
infection stage. Furthermore, our results indicate that the proportions of cells expressing
viral RNA in mesenteric LNs and in the spleen were 2.9- and 2.4-fold higher than in
peripheral LNs at the peak of infection (Figure 3B, left panels). However, the most important
observation was probably that the pool of cell-associated SIV RNA in the spleen declined
drastically by more than 85%, concomitantly with the decline in cell-associated SIV-DNA
(Figure 3B, right panels). This can be explained by the early depletion of CD4 T cells in this
anatomical compartment (Figure S7). In terms of T cell subsets, TEM was the main SIV
RNA+ population during the acute phase. Thus, whereas TEM are almost 40% of viral
DNA, 70% of the pool of viral RNA is related to the TEM subset (Figure 3A, B). At the
initial steady state phase of infection, more than 80% of SIV-RNA™ cells are TEM in
mesenteric LNs, (Figure 3B). Even though TFH cells have a higher frequency of cell-
associated SIV-DNA and a higher capacity to produce virus than TEM cells (Figure S6), this
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population was minor, compared to the total numbers of TEM cells. These results shed light
on the importance of each lymphoid compartment in contributing to the pool of
transcriptionally active reservoirs. Altogether, these results highlight the importance of
analyzing individual tissues, particularly the visceral lymphoid tissues, in regard to their
relative importance for viral seeding and cellularity early after infection.

Memory CD4 and TFH represent the main VRs in visceral lymphoid tissues in early ART—
treated SlV-infected RMs.

Next, we decided to determine the impact of ART therapy on viral seeding. Indeed, a critical
barrier to an HIV-1 cure is the establishment of a viral reservoir in quiescent CD4 T
lymphocytes. First, we determined the presence of viral DNA and R-US5 transcripts in CD4
T cells sorted from peripheral blood (Figure S8A) and LNs (Figure S8B) from RMs treated
with a cocktail of antiretroviral ART drugs at week 6 post-infection (Table 2). We found, as
expected, that cell-associated viral DNA was reduced after ART, both in blood at weeks 14
and 32 (week 32, 0.97x103 copies/104 cells versus 10.8x103 copies/10% cells at week 6)
(Figure S8A) and in peripheral LNs (week 32, 2.8x103 copies/10 cells versus 18.6x103
copies/104 cells at week 6) (Figure S8B). In comparison, whereas in non-treated RMs the
frequencies of early reverse transcripts in the blood and LNs reached 2.5 10* copies/10*
cells and 3.5 10* copies/10* cells, respectively, these levels decreased after ART, but
remained elevated even after 32 weeks of therapy (higher than 5x103 copies/10* cells).
Extending our analyses to the spleen at week 36, the frequencies of viral DNA were quite
similar in the different compartments, as well the frequencies of the reverse transcripts
(Figure S8C). Thus, SIV is seeded in CD4 T cells from all the tissues analyzed in RMs
treated with ART at week 6 post-infection.

Next, we assessed the impact of ART administrated early after infection in RMs (such as day
4). Indeed, it was previously shown that early ART did not completely eradicate SIV [32, 33,
63]. We observed at the time of sacrifice that viremia was not detected in five RMs out of six
(limit of detection 50 RNA copies/ml). In #R110806 sacrificed at day 11 after infection, and
treated with only 7 doses of ART, viral load was 5.8x102 copies/ml, which is at least 3 Log
lower as compared to non-treated RMs (Table 1). In contrary to ART administrated at week
6 post-infection (Figure S8C), we did not detect any viral DNA in CD4 T cells from
peripheral blood (data not shown) from RMs treated with ART at day 4, even in those
(#R110806 and #111466R) that received a short course of treatment (respectively 7 and 10
days of ART). This suggests that such early ART combination had a strong inhibitory effect
on viral infection. Therefore, we decided to analyze infected CD4 T cell subsets in the
spleen and in mesenteric and peripheral LNs. We clearly identified cell-associated SIV DNA
in these two anatomical visceral compartments in the six ART-treated monkeys compared to
the peripheral LNs (Figure 4). The main subsets expressing SIV DNA were TEM and TFH
cells (Figure 4); the latter was found only in the spleen. Thus, whereas in non-treated
animals the levels of SIV DNA were around 10* copies/per 104 cells (Figure 1A and Figure
S3), only less than 102 copies/per 10 cells were detected in ART-treated RMs (Figure 4).
However, given the number of TEM and TFH cells in these organs under ART, and
considering one copy of viral DNA per cell, the pool of cell-associated SIV DNA represents
a total of 78300, 8200 and of 21500 TEM cells in mesenteric LNs of RMs (#R110806,
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#R110562, and #R131836R, respectively), and of 39900, 700, 110800 and 28100 TFH cells
in the spleen of RMs (#111466R, #R110562, #R110360 and #131660R, respectively). Our
results indicate the absence of detection of SIV DNA from the sorted TCM (CD45RA
~“CCR7*) cell population in the six ART-treated RMs. Our results also demonstrate the
presence of R-U5 transcripts both in the spleen and mesenteric LNs of ART-treated RMs
(Figure 4). TEM and TFH cells displayed most of these RU-5 transcripts, which may be
indicative of recent infection of these CD4 T cells in both compartments. We also assessed
whether TFH cells express CD32. However, as shown in Figure S9, TFH cells are not
enriched in CD32 expression compared to the other CD4 T cell subsets. The majority of the
CD32*CD3*CD4* expressed CD20 a marker of B cells that could indicate a membrane
transfer namely trogocytosis. However, this population once sorted from mesenteric LNs
was negative for SIV-DNA in ART-treated RMs (Figure S9). Furthermore, SIV DNA was
not detected in CD3*CD4~ sorted populations (data not shown).

Having shown that TEM and TFH cells represent the main VVRs in visceral lymphoid tissues
in early ART-treated SIV infected RMs, we decided to interrupt ART in RMs controlling
viremia after 8 weeks of ART in order to assess early SIV seeding. RMs were sacrificed at
days 10, 12, 15 and 18 post ATi (Table 1). Thus, we observed a viral rebound in two weeks
(Figure 5A). Furthermore, although this study cannot be a longitudinal analysis, our results
indicate a distinct RM profile. Thus, in #R110482 sacrificed at day 10, with a viral load
reaching 1.1 10° copies/ml, we observed viral DNA in splenic TFH only, but more diverse in
mesenteric LNs including also naive CD4 T cells; none of them expressed viral DNA in
peripheral LNs (Figure 5B). In #R110804 sacrificed at day 15, with a viral load reaching 3.7
102 copies/ml, TEM and TFH cells expressed viral DNA, both in the spleen and mesenteric
LNs, but also in peripheral LNs. In the three additional RMs, who displayed higher viremia,
we detected viral DNA in all the CD4 T cell subsets sorted from the spleen, mesenteric and
peripheral LNs (Figure 5B). Furthermore, we also demonstrate that these CD4 T cells
subsets also expressed viral RNA (Figure 5C) suggesting productively infected cells, and
early step in viral rebound in RMs #110482 and #110804. In RMs #131134R, the extent of
viral RNA was at least 5-fold higher in mesenteric LNs compared to the other tissues
analyzed.

Taken together, our results indicate that in early ART-treated SIV-infected RMs, mesenteric
LNs and spleen represent potential tissue VRS, and that TFH and TEM constitute the main
cellular reservoirs in those tissues. In addition, we demonstrate the rapid seeding of SIV
after ART interruption, underlining the importance of these two anatomical sites for viral
replication dynamics.

DISCUSSION

Animal models such as the rhesus macaque offer the opportunity to identify and
comprehensively study infected organs that are typically unavailable in human studies. This
is of crucial importance, given that recent reports, in both SIV-infected RMs [32, 33] and
humans [64-66], indicated the absence of complete viral eradication following early
treatment initiation. In this study, we report the early seeding of SIV in lymphoid tissues and
demonstrate that TFH and TEM feature the highest viral burden of SIV-infected cell
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populations. Our study identified the spleen and mesenteric LNs, in contrast to peripheral
LNs (axillary and inguinal LNs), as lymphoid compartments of viral persistence despite
early ART initiation, emphasizing the importance of these visceral lymphoid tissues. In
addition to the spleen, mesenteric LNs represent a major site for TFH cells. Mesenteric LNs
are located along the intestine and drain the small and the large intestine. They connect to
the left subclavian vein through the thoracic lymphatic duct, which is the most common
drainage trunk of most of the body’s lymphatics [67, 68], and therefore they may contribute
to viral dissemination. Importantly, our data highlight that viral dissemination is occurring
rapidly after ATi in these visceral lymphoid tissues and earlier than in peripheral LNs,
showing a diversity of productively infected CD4 T cell subsets.

A high level of cellular activation in mesenteric LNs has been previously reported using
positron emission imaging (PET) scan performed in chronically SIV-infected RMs. In situ
hybridization after necropsy has also revealed a high level of viral replication in these
lymphoid organs in monkeys [69, 70]. Our results show that at the peak of infection, CD4 T
cells in mesenteric LNs represent a large site of viral replication. The notable reduction in
the number of splenic CD4 T cells could be related to extensive viral replication-mediated
cell death [71-74]. However, at the steady phase of infection, the pool of SIV-DNA cells was
quite similar in mesenteric and peripheral LNs.

Interestingly, in ART-suppressed infant SIV-infected RMs, treated at week 3 after infection
[75], or here in RMs treated at week 6 post-infection, the levels of cell-associated viral DNA
were similar in CD4 T cells isolated from the different tissues such as blood, peripheral LNs
and the spleen. In contrast, the administration of early ART, a situation not often occurring
in HIV-infected individuals, resulted in limited viral seeding in the spleen and mesenteric
LNs as well as in the absence of viral DNA detection in blood and peripheral LNs. Although
connected to mesenteric LNs, we did not address the role of Peyer’s patches, which are
concentrated in the distal part of the ileum, but they will be of interest for future study. Thus,
despite of fully suppressed viral replication as demonstrated by the absence of viral viremia
in the sera as well as in peripheral LNs, which is consistent with a previous report [33], viral
rebound observed after ATi is highly indicative of this persistence.

Our data also elucidated the infected CD4 T cells that are involved in the maintenance of
VRs in visceral lymphoid tissues. Our results show that TEM (CD45RA™CCR77) and TFH
cells are the main infected cell populations. These results may suggest that in lymphoid
tissues, TEM and TFH cells could be less sensitive to ART inhibition than other cell subsets
or express less restriction factors such as SAM domain and HD domain-containing protein 1
(SAMHDL1) [76]. In infant RMs treated with ART, viral RNA was detected in lymphoid and
non-lymphoid tissues indicating the persistence of viral replication despite the absence of
viral detection in the plasma [75]. Estes et al. [26] reported that the detection of SIV-RNA™
in ART-treated RMs could be related to a lower levels of ART in the tissues analyzed [26].
Herein, we detected R-U5 transcripts in CD4 T cells isolated from the mesenteric LNs and
the spleen of early ART-treated RMs. Although the detection of R-U5 transcripts may
represent dead-end viruses, their detection in TEM and TFH may represent remnants of
recent infections despite ART. The persistence of a low level of viral replication in these
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cellular compartments could be responsible for the rapid rebound of SIV upon
discontinuation of effective antiviral therapy.

Other groups have proposed that the VR in blood could be maintained by the proliferation of
infected cells [16—20] in which a large majority of provirus is defective with extensive
deletion or hypermutation [21-24]. The observations that latent infected cells can proliferate
in response to cytokine without viral production while retaining the ability to produce virus
following subsequent TCR stimulation [21, 77] may support the hypothesis that TFH cells,
which are localized in the B cell follicles, may allow to maintain and to replenish VRs.
Indeed, TFH cell are more prone to produce virions than TCM or naive cells, a difference
that could be explained by differences in epigenetic and chromatin states in these
populations [78, 79]. The observation that we detected viral RNA earlier in visceral
lymphoid tissues than in peripheral LNs shortly after ATi, is consistent with an earlier
reactivation of those cells once ART is interrupted in these visceral lymphoid tissues.

Due to limited/restricted dissemination of free viral particles in the tissues, the detection of
R-U5 transcripts, possible remnants of recent infection, could be indicative of a viral source
closer to such subpopulations. Although, it cannot be excluded that the persistent infection
of CD4 T cells could be intrinsic to CD4 T cells in which more than 98% of viral DNA is
defective [21-24], additional cells could participate in this vicious cycle, feeding new
infections. It has been previously shown that macrophages efficiently transmit HIV to T cells
[80]. Tissue-resident macrophages are long-lived cells that are capable of harboring virus
[81], and recent evidence indicates that they contain lower intracellular concentrations of
antiretroviral drugs than those observed in CD4 T cells [82]. Thus, we cannot exclude the
possibility that tissue-resident macrophages may represent a potential residual source of
viral dissemination under ART.

This study hereby provides a comprehensive overview about the early dissemination of SIV
in which (i) TFH and TEM are the infected cells with the highest levels of both viral DNA
and RNA and (ii) visceral lymphoid tissues play a major role on the establishment of VRs.
Furthermore, to our knowledge very few reports have actually addressed infected cells after
ATi. Thus, the demonstration of the rapid seeding of SIV upon ART interruption, in which
TEM and TFH from visceral lymphoid tissues produce viral RNA earlier than peripheral
LNs, contribute to the understanding of viral replication dynamics. Therefore, our results
may provide a novel avenue to therapeutic strategies that aim to target these CD4 T cell
populations in visceral lymphoid tissues thereby overcoming this obstacle for complete virus
eradication.

MATERIALS AND METHODS

Animals, viral inoculation and sample collection:

Twenty-eight rhesus macaques (RMs) seronegative for SIV, STLV-1 (Simian T Leukemia
Virus type-1), SRV-1 (type D retrovirus) and herpes-B viruses were used in this study
including five healthy RMs and twenty-three RMs infected intravenously with SIVmac251
(20 AIDgp) (Laval University). Eleven of them were treated daily with ART (Table 1). At
day 4 post-infection, RMs were treated with Tenofovir (TFV, 20mg/kg, GILEAD) and
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Emtricitabine (FTC, 40mg/kg, GILEAD) subcutaneously and Raltegravir (RGV, 20mg/kg,
MERCK) and Ritonavir (RTV, 20mg/kg; Abbvie) by oral route. Indinavir was administrated
only during the week one (IDV, 2mg/kg, MERCK). RMs were euthanized at different time
point post-infection as shown in Table 1. Lymphoid tissues including spleen, mesenteric LNs
including cisterna chyli and axillary/inguinal LNs were recovered immediately after
euthanasia for cellular analysis. Cell numbers were calculated from LNs retrieved in each
region (inguinal and axillary LNs, ileum and colon mesenteric LNs; the totality of the LNs
were retrieved, Figure S1). Cells isolated after mechanical process were counted [83].
Tissues were not digested with collagenase or other proteases to limit negative effects on the
expression of cell surface markers. For each blood-sampling point, a hemogram was
performed using an Abaxis VetScan HM5 hematology instrument (Abaxis, CA) [46].

In addition, twelve SIV-infected RMs were treated with ART at week 6 post-infection
(YYerkes National Research Center). ART included 20 mg/kg Tenofovir (TFV), 40 mg/kg
Emtricitabine (FTC), and 2.5mg/kg Dolutegravir (DTG) and was administered once a day
via subcutaneous injection with Darunavir (DRV) orally twice daily until necropsy.
Peripheral blood mononuclear cells (PBMC) and LNs were recovered for cellular analysis at
weeks 6, 14 and 32. At week 36, 4 RMs were sacrificed and the spleen, PBMC and LNs
were recovered (Table 2).

Ethics statement:

RMs were housed at University Laval in accordance with the rules and regulations of the
Canadian Council on Animal Care (http://www.ccac.ca). The protocol was approved by the
Laval University Animal Protection Committee (Project number 106004). Animals were fed
standard monkey chow diet supplemented daily with fruit and vegetables and water ad
libitum. Social enrichment was delivered and overseen by veterinary staff and overall animal
health was monitored daily. Animals were evaluated clinically and were humanely
euthanized using an overdose of barbiturates according to the guidelines of the \eterinary
Medical Association.

At Yerkes National Primate Research Center, animal studies were conducted strict
accordance with USDA regulations and the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of Health, and it was approved by the
Emory University Institutional Animal Care and Use Committee (project YER-2002891-
ENTRPR-A). Commercial dry food supplemented with fruit was provided by the veterinary
personnel, and water was available ad /ibitum. SIV-infected RMs are singly caged but have
visual, auditory, and olfactory contact with at least one social partner, permitting the
expression of noncontact social behavior. Animal cages also accommodate additional animal
enrichment, including objects such as perching and other manipulanda. Animal welfare was
monitored daily. Appropriate procedures were performed to ensure that potential distress,
pain, or discomfort was alleviated. The sedatives ketamine (10 mg/kg) and telazol (4 to 5
mg/kg) were used for blood draws and biopsy specimens. Euthanasia of RMs, using
pentobarbital (100 mg/kg) under anesthesia, was performed only when deemed clinically
necessary by veterinary medical staff and according to IACUC endpoint guidelines.
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Cells derived from either spleen or LNs (108 cells) were sorted using a BD Influx cell sorter
(Becton Dickinson) using specific antibodies: anti-CD3, CD8, CD4, CD20, PD-1, CXCRS5,
CD45RA and CCR7 mAbs (Table S1). Sorted populations included: TFH cells
(CXCR5*PD-1Prighty 'naive (TN, CD45RA*CCR7*), central memory (TCM, CD45RA
~“CCR7"), effector memory (TEM, CD45RA"CCR7") and terminally differentiated (TTD,
CD45RA*CCR7") (Figure S2). CD3+CD20+CD32+ cells were sorted in addition to the
other CD4 T cells subsets. Samples were preserved at —80°C until used for DNA analysis or
in trizol (Invitrogen) for RNA quantitation.

Viral RNA quantification:

Viral loads in the sera of SIV-infected RMs and cell culture supernatants were quantified by
RT-qPCR using PureLink Viral RNA/DNA Kit (Invitrogen). The PCR mixture was
composed of 4X TagMan Fast Virus 1-Step Master Mix (Applied Biosystems), 750 nM of
primers and 200 nM of probe. Primers and probe sequences are listed in Supplemental Table
2. A plasmid encoding for gag gene of SIVmac251 was used as a standard. Serial 10-fold
dilutions of SIVmac251 plasmid were performed to generate a standard curve, starting at
109 copies/ul of SIV. Amplifications were carried out with a 7500 Real-Time PCR System
(Applied Biosystems), using the following parameters: 50°C/5 min, 95°C/20 sec, 40 cycles
(95°C/15 sec, 60°C/1 min). Samples were run in duplicates and results are expressed as SIV
RNA copies/ml [84]. SIV cell-associated RNA quantification was performed from 10°
sorted cells. Viral RNA was extracted with trizol procedure according to the manufacturer’s
instructions and resuspended in 50 pl of RNase-Free water (Invitrogen). DNA traces were
eliminated from RNA samples using a Turbo-DNA free kit (Invitrogen). For RNA
quantification, 5 pl of RNA were amplified by RT-gPCR. Eukaryotic 18S rRNA Endogenous
Control mix (Applied Biosystems) was used for estimating cell number in each sample.
Samples were run in duplicates and results are expressed as number of SIV RNA copies per
104 cells.

Viral DNA quantification:

For SIV DNA quantification, DNA was purified from frozen pellets of sorted cell
subpopulations (10° cells from untreated RMs and 5x10° to 106 cells from ART-treated
RMs) using the Genomic DNA Tissue kit (Macherey Nagel). DNA was eluted with 50 pl of
buffer elution and 10 pl of SIV DNA was amplified by nested PCR with SIV251-specific
primers surrounding the nefcoding region [83]. A first round of PCR was performed using
50 nM of preco and K3 primers, 10X PCR buffer, 2 mM MgCl,, 1.25 U of AmpliTaq
(Applied Biosystems), 0.8 mM DNTP (Invitrogen) in a Biometra thermocycler using the
following parameters: 95°C/1 min 45 sec, 45 cycles (95°C/30 sec at, 60°C/30 sec and
72°C/1 min 10 sec), 72°C/6 min. 5 ul of PCR product were re-amplified using 250 nM of
SIV-DNA primers and probe and 2X PrimeTime® Gene Expression Master Mix (IDT) in a
7500 Real-Time PCR System (Applied Biosystems). PCR amplification parameters were
95°C/3 min, 45 cycles (95°C/15 sec, 60°C/1 min). Samples were run in duplicates except
samples from ART-treated RMs, which were run in quadruplicate due to the low levels of
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viral DNA. For DNA quantitation, serial dilutions of a plasmid were performed to generate a
standard curve ins.

To estimate cell number in each sample and as an internal control, ribosomal 18S DNA was
amplified in parallel, with 2X Quantitec Sybr Green PCR Kit (Qiagen) and 250 nM of
specific primers in a 7500 Real-Time PCR System (Applied Biosystems). Termocycling
settings consisted of 50°C/2 min, followed by 95°C/15 min, 40 cycles (94°C/15 sec at,
60°C/30 sec and 72°C/35 sec), followed by a dissociation stage. A standard curve was used
to estimate cell numbers and the results were expressed as SIV DNA copies per 10* cells.
Primers and probe sequences are listed in the Table S2.

SIV RU-5 transcripts quantification:

Cell pellets from ART-naive SIV-infected RMs were resuspended in 50 pl lysis buffer (10
mM Tris [pH 8.0]; 0.5 mM EDTA, 0.0001% SDS; 0.001% Triton; 100 ug/ml Proteinase K),
incubated 3 h at 50°C and 10 min at 95°C [85]. SIV R-U5 and 18S DNA were quantified in
parallel using 5 pl of samples amplified in duplicate using 2X Quantitec Sybr Green PCR
Kit (Qiagen) and 250 nM of specific primers in a 7500 Real-Time PCR System (Applied
Biosystems). The following parameters were used: 50°C/2 min, followed by 95°C/15 min,
40 cycles (94°C/15 sec at, 60°C/30 sec and 72°C/35 sec), followed by a dissociation stage.
A plasmid, containing the early reverse transcripts, was used to generate a standard curve.
Results are expressed as SIV R-U5 copies/10% cells. Primers sequences are listed in the
Supplemental Table 2. Because these primers can also detect viral DNA due to the 2 LTR, a
ratio higher than 3 was considered significant for comparing R-U5 transcripts and viral
DNA.

Furthermore, for ART-treated RMs, the samples are the same as described for DNA, purified
with the DNA Genome Kit (Macherey Nagel) and R-U5 transcripts were quantified in
comparison to viral DNA. In order to increase the probability to detect SIV under treatment,
the number of cells in each aliquot were increased (10° cells from untreated RMs and 5x10°
to 108 cells from ART-treated RMs).

In situ hybridization:

tissues were frozen in isopentane, cooled in liquid nitrogen and then cryostat sectioned at 4-
um intervals. Viral replication in tissues was assessed by in situ hybridization using a 3°S-
labeled RNA probe derived from the transcription vector Bluescript in which a fragment of
the SIVmac142 clone spanning the nef coding region was inserted [57, 83]. The antisense
probe used to detect SIV RNA was generated from the T7 promoter by /n vitrotranscription
of plasmid template with 50 units of T7 RNA polymerase in the presence of 50 uCi of
[35SJUTP and [3°S]ATP. Specific activity ranged between 1.108 and 5.108 cpm/ug of input
DNA.

In vitro SIV production:

From SIV-infected RMs, TCM, TEM and TFH sorted cells (10° cells) were activated using
plate-bound anti-CD3 (0.5 pg/well; Lifetechnologies) and anti-CD28 mAbs (1 pg/well;
Biolegend). Cells were cultured in media (RPMI 1640, 10% FBS, 1 mM of Sodium
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Pyruvate and 1% of Penicilline-Streptomycin-Glutamine at 50 mg/ml; Lifetechnologies) at
37°C with 5% of CO,. At day 4 post-activation, supernatants were harvested to measure
viral production or to initiate viral infection using the CEMx174 cell line. At day 4 after this
new round of infection, viral DNA was quantified in CEMx174 cells as described above.

Statistical analysis:

Statistics were performed using the GraphPad Prism 8 software. The non-parametric Mann
Whitney test and the paired t-test were employed for comparison as indicated in the figures.
P value <0.05 indicates a significant difference.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGMENTS

This work was supported by grants from the Canadian Institutes of Health Research (CIHR) (HBF-123682,
HBF-126786, and MOP-133476), the ANRS (France), and by the Canadian HIV Cure Enterprise Grant
HI1G-133050 from the CIHR partnership with CANFAR and IAS to JE. HR was supported by a fellowship from
Laval University (Pierre-Jacob-Durand Grant and Fonds de recherche sur le Sida), CHU de Québec (Formation
Desjardins pour la Recherche et I’Innovation) and Fonds de Recherche du Québec — Santé (FRQS). FM was
supported by a fellowship from the Fondation du CHU de Québec. JC was supported by a fellowship from Laval
University (Pierre-Jacob-Durand Grant and Fonds de recherche sur le Sida). JE also thanks the Canada Research
Chair program for financial assistance. The work from Yerkes National Primate Research Center was funded by
NIH grant R21A1116200, as well as, supported by the National Institute of Allergy and Infectious Diseases of the
National Institutes of Health under award number P51 OD011132 (to the YNPRC) to GS. We would like to thank
Merck and Gilead for providing antiretroviral drugs to JE. We also thank Clément Mettling for helping us in the
detection of early reverse transcripts, and Daphnée Veilleux-Lemieux and Anne-Marie Catudal for their help at the
non-human primate center (Quebec City).

REFERENCES

1. Chun TW, Moir S, Fauci AS HIV reservoirs as obstacles and opportunities for an HIV cure. Nat
Immunol. 16,5849 (2015). [PubMed: 25990814]

2. Avettand-Fenoel V, Hocqueloux L, Ghosn J, Cheret A, Frange P, Melard A, et al. Total HIV-1 DNA,
a Marker of Viral Reservoir Dynamics with Clinical Implications. Clin Microbiol Rev. 29,859-80
(2016). [PubMed: 27559075]

3. Chun TW, Carruth L, Finzi D, Shen X, DiGiuseppe JA, Taylor H, et al. Quantification of latent
tissue reservoirs and total body viral load in HIV-1 infection. Nature. 387,183-8 (1997). [PubMed:
9144289]

4. Chun TW, Stuyver L, Mizell SB, Ehler LA, Mican JA, Baseler M, et al. Presence of an inducible
HIV-1 latent reservoir during highly active antiretroviral therapy. Proceedings of the National
Academy of Sciences of the United States of America. 94,13193-7 (1997). [PubMed: 9371822]

5. Autran B, Carcelain G, Li TS, Blanc C, Mathez D, Tubiana R, et al. Positive effects of combined
antiretroviral therapy on CD4+ T cell homeostasis and function in advanced HIV disease. Science
(New York, NY). 277,112-6 (1997).

6. Finzi D, Blankson J, Siliciano JD, Margolick JB, Chadwick K, Pierson T, et al. Latent infection of
CDA4+ T cells provides a mechanism for lifelong persistence of HIV-1, even in patients on effective
combination therapy. Nature medicine. 5,512-7 (1999).

7. Finzi D, Hermankova M, Pierson T, Carruth LM, Buck C, Chaisson RE, et al. Identification of a
reservoir for HIV-1 in patients on highly active antiretroviral therapy. Science (New York, NY).
278,1295-300 (1997).

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rabezanahary et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

24.

Page 14

. Ramratnam B, Mittler JE, Zhang L, Boden D, Hurley A, Fang F, et al. The decay of the latent

reservoir of replication-competent HIV-1 is inversely correlated with the extent of residual viral
replication during prolonged anti-retroviral therapy. Nature medicine. 6,82-5 (2000).

. Siliciano JD, Kajdas J, Finzi D, Quinn TC, Chadwick K, Margolick JB, et al. Long-term follow-up

studies confirm the stability of the latent reservoir for HIV-1 in resting CD4+ T cells. Nature
medicine. 9,727-8 (2003).

Wong JK, Hezareh M, Gunthard HF, Havlir DV, Ignacio CC, Spina CA, et al. Recovery of
replication-competent HIV despite prolonged suppression of plasma viremia. Science (New York,
NY). 278,1291-5 (1997).

Buzon MJ, Massanella M, Llibre JM, Esteve A, Dahl V, Puertas MC, et al. HIV-1 replication and
immune dynamics are affected by raltegravir intensification of HAART-suppressed subjects.
Nature medicine. 16,460-5 (2010).

Chun TW, Nickle DC, Justement JS, Meyers JH, Roby G, Hallahan CW, et al. Persistence of HIV
in gut-associated lymphoid tissue despite long-term antiretroviral therapy. J Infect Dis. 197,714-20
(2008). [PubMed: 18260759]

Dinoso JB, Kim SY, Wiegand AM, Palmer SE, Gange SJ, Cranmer L, et al. Treatment
intensification does not reduce residual HIV-1 viremia in patients on highly active antiretroviral
therapy. Proceedings of the National Academy of Sciences of the United States of America.
106,9403-8 (2009). [PubMed: 19470482]

Gandhi RT, Zheng L, Bosch RJ, Chan ES, Margolis DM, Read S, et al. The effect of raltegravir
intensification on low-level residual viremia in HIV-infected patients on antiretroviral therapy: a
randomized controlled trial. PLoS Med. 7 (2010).

Yukl SA, Shergill AK, McQuaid K, Gianella S, Lampiris H, Hare CB, et al. Effect of raltegravir-
containing intensification on HIV burden and T-cell activation in multiple gut sites of HIV-positive
adults on suppressive antiretroviral therapy. AIDS (London, England). 24,2451-60 (2010).
Hosmane NN, Kwon KJ, Bruner KM, Capoferri AA, Beg S, Rosenbloom DI, et al. Proliferation of
latently infected CD4(+) T cells carrying replication-competent HIV-1: Potential role in latent
reservoir dynamics. The Journal of experimental medicine. 214,959-72 (2017). [PubMed:
28341641]

Wagner TA, McLaughlin S, Garg K, Cheung CY, Larsen BB, Styrchak S, et al. HIV latency.
Proliferation of cells with HIV integrated into cancer genes contributes to persistent infection.
Science (New York, NY). 345,570-3 (2014).

Maldarelli F, Wu X, Su L, Simonetti FR, Shao W, Hill S, et al. HIV latency. Specific HIV
integration sites are linked to clonal expansion and persistence of infected cells. Science (New
York, NY). 345,179-83 (2014).

Simonetti FR, Sobolewski MD, Fyne E, Shao W, Spindler J, Hattori J, et al. Clonally expanded
CDA4+ T cells can produce infectious HIV-1 in vivo. Proceedings of the National Academy of
Sciences of the United States of America. 113,1883-8 (2016). [PubMed: 26858442]

Lorenzi JC, Cohen YZ, Cohn LB, Kreider EF, Barton JP, Learn GH, et al. Paired quantitative and
qualitative assessment of the replication-competent HIV-1 reservoir and comparison with
integrated proviral DNA. Proceedings of the National Academy of Sciences of the United States of
America. 113,E7908-€16 (2016). [PubMed: 27872306]

Ho YC, Shan L, Hosmane NN, Wang J, Laskey SB, Rosenbloom DI, et al. Replication-competent
noninduced proviruses in the latent reservoir increase barrier to HIV-1 cure. Cell. 155,540-51
(2013). [PubMed: 24243014]

. Bruner KM, Murray AJ, Pollack RA, Soliman MG, Laskey SB, Capoferri AA, et al. Defective

proviruses rapidly accumulate during acute HIV-1 infection. Nature medicine. 22,1043-9 (2016).
Imamichi H, Dewar RL, Adelsberger JW, Rehm CA, O’Doherty U, Paxinos EE, et al. Defective
HIV-1 proviruses produce novel protein-coding RNA species in HIV-infected patients on
combination antiretroviral therapy. Proceedings of the National Academy of Sciences of the
United States of America. 113,8783-8 (2016). [PubMed: 27432972]

Bruner KM, Wang Z, Simonetti FR, Bender AM, Kwon KJ, Sengupta S, et al. A quantitative
approach for measuring the reservoir of latent HIV-1 proviruses. Nature. 566,120-5 (2019).
[PubMed: 30700913]

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rabezanahary et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 15

Lorenzo-Redondo R, Fryer HR, Bedford T, Kim EY, Archer J, Pond SLK, et al. Persistent HIV-1
replication maintains the tissue reservoir during therapy. Nature. 530,51-6 (2016). [PubMed:
26814962]

Estes JD, Kityo C, Ssali F, Swainson L, Makamdop KN, Del Prete GQ, et al. Defining total-body
AIDS-virus burden with implications for curative strategies. Nature medicine. (2017).

Fletcher CV, Staskus K, Wietgrefe SW, Rothenberger M, Reilly C, Chipman JG, et al. Persistent
HIV-1 replication is associated with lower antiretroviral drug concentrations in lymphatic tissues.
Proceedings of the National Academy of Sciences of the United States of America. 111,2307-12
(2014). [PubMed: 24469825]

Rosenbloom DIS, Hill AL, Laskey SB, Siliciano RF Re-evaluating evolution in the HIV reservoir.
Nature. 551,E6-€9 (2017). [PubMed: 29168805]

Kearney MF, Wiegand A, Shao W, McManus WR, Bale MJ, Luke B, et al. Ongoing HIV
Replication During ART Reconsidered. Open forum infectious diseases. 4,0fx173 (2017).

Van Zyl GU, Katusiime MG, Wiegand A, McManus WR, Bale MJ, Halvas EK, et al. No evidence
of HIV replication in children on antiretroviral therapy. The Journal of clinical investigation.
127,3827-34 (2017). [PubMed: 28891813]

Bui JK, Sobolewski MD, Keele BF, Spindler J, Musick A, Wiegand A, et al. Proviruses with
identical sequences comprise a large fraction of the replication-competent HIV reservoir. PL0S
pathogens. 13,e1006283 (2017). [PubMed: 28328934]

Whitney JB, Hill AL, Sanisetty S, Penaloza-MacMaster P, Liu J, Shetty M, et al. Rapid seeding of
the viral reservoir prior to SIV viraemia in rhesus monkeys. Nature. 512,74-7 (2014). [PubMed:
25042999]

Borducchi EN, Cabral C, Stephenson KE, Liu J, Abbink P, Ng’ang’a D, et al. Ad26/MVA
Therapeutic Vaccination with TLR7 Stimulation in SIV-Infected Rhesus Monkeys. Nature. (2016).
Deeks SG, Lewin SR, Ross AL, Ananworanich J, Benkirane M, Cannon P, et al. International
AIDS Society global scientific strategy: towards an HIV cure 2016. Nature medicine. 22,839-50
(2016).

Spahn TW, Weiner HL, Rennert PD, Lugering N, Fontana A, Domschke W, et al. Mesenteric
lymph nodes are critical for the induction of high-dose oral tolerance in the absence of Peyer’s
patches. Eur J Immunol. 32,1109-13 (2002). [PubMed: 11920578]

Ilweala Ol, Nagler CR Immune privilege in the gut: the establishment and maintenance of non-
responsiveness to dietary antigens and commensal flora. Immunological reviews. 213,82-100
(2006). [PubMed: 16972898]

Chomont N, El-Far M, Ancuta P, Trautmann L, Procopio FA, Yassine-Diab B, et al. HIV reservoir
size and persistence are driven by T cell survival and homeostatic proliferation. Nature medicine.
15,893-900 (2009).

Gosselin A, Wiche Salinas TR, Planas D, Wacleche VS, Zhang Y, Fromentin R, et al. HIV persists
in CCR6+CD4+ T cells from colon and blood during antiretroviral therapy. AIDS (London,
England). 31,35-48 (2017).

Buzon MJ, Sun H, Li C, Shaw A, Seiss K, Ouyang Z, et al. HIV-1 persistence in CD4+ T cells with
stem cell-like properties. Nature medicine. 20,139-42 (2014).

Descours B, Petitjean G, Lopez-Zaragoza JL, Bruel T, Raffel R, Psomas C, et al. Corrigendum:
CD32a is a marker of a CD4 T-cell HIV reservoir harbouring replication-competent proviruses.
Nature. 546,686 (2017).

Abdel-Mohsen M, Kuri-Cervantes L, Grau-Exposito J, Spivak AM, Nell RA, Tomescu C, et al.
CD32 is expressed on cells with transcriptionally active HIV but does not enrich for HIV DNA in
resting T cells. Sci Transl Med. 10 (2018).

Badia R, Ballana E, Castellvi M, Garcia-Vidal E, Pujantell M, Clotet B, et al. CD32 expression is
associated to T-cell activation and is not a marker of the HIV-1 reservoir. Nat Commun. 9,2739
(2018). [PubMed: 30013105]

Brenchley JM, Vinton C, Tabb B, Hao XP, Connick E, Paiardini M, et al. Differential infection
patterns of CD4+ T cells and lymphoid tissue viral burden distinguish progressive and
nonprogressive lentiviral infections. Blood. 120,4172-81 (2012). [PubMed: 22990012]

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rabezanahary et al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 16

Cubas RA, Mudd JC, Savoye AL, Perreau M, van Grevenynghe J, Metcalf T, et al. Inadequate T
follicular cell help impairs B cell immunity during HIV infection. Nature medicine. 19,494-9
(2013).

Lindgvist M, van Lunzen J, Soghoian DZ, Kuhl BD, Ranasinghe S, Kranias G, et al. Expansion of
HIV-specific T follicular helper cells in chronic HIV infection. The Journal of clinical
investigation. 122,3271-80 (2012). [PubMed: 22922259]

Moukambi F, Rabezanahary H, Rodrigues V, Racine G, Robitaille L, Krust B, et al. Early Loss of
Splenic Tfh Cells in SIV-Infected Rhesus Macaques. PLoS pathogens. 11,e1005287 (2015).
[PubMed: 26640894]

Perreau M, Savoye AL, De Crignis E, Corpataux JM, Cubas R, Haddad EK, et al. Follicular helper
T cells serve as the major CD4 T cell compartment for HIV-1 infection, replication, and
production. The Journal of experimental medicine. 210,143-56 (2013). [PubMed: 23254284]
Petrovas C, Yamamoto T, Gerner MY, Boswell KL, Wloka K, Smith EC, et al. CD4 T follicular
helper cell dynamics during SIV infection. The Journal of clinical investigation. 122,3281-94
(2012). [PubMed: 22922258]

Xu'Y, Weatherall C, Bailey M, Alcantara S, De Rose R, Estaquier J, et al. Simian
immunodeficiency virus infects follicular helper CD4 T cells in lymphoid tissues during
pathogenic infection of pigtail macaques. Journal of virology. 87,3760-73 (2013). [PubMed:
23325697]

Boritz EA, Darko S, Swaszek L, Wolf G, Wells D, Wu X, et al. Multiple Origins of Virus
Persistence during Natural Control of HIV Infection. Cell. 166,1004-15 (2016). [PubMed:
27453467]

Moukambi F, Rabezanahary H, Fortier Y, Rodrigues V, Clain J, Benmadid-Laktout G, et al.
Mucosal T follicular helper cells in SIV-infected rhesus macaques: contributing role of IL-27.
Mucosal immunology. 12,1038-54 (2019). [PubMed: 31114010]

Bukrinsky MI, Stanwick TL, Dempsey MP, Stevenson M Quiescent T lymphocytes as an inducible
virus reservoir in HIV-1 infection. Science (New York, NY). 254,423-7 (1991).

Chun TW, Finzi D, Margolick J, Chadwick K, Schwartz D, Siliciano RF In vivo fate of HIV-1-
infected T cells: quantitative analysis of the transition to stable latency. Nature medicine. 1,1284—
90 (1995).

Spina CA, Guatelli JC, Richman DD Establishment of a stable, inducible form of human
immunodeficiency virus type 1 DNA in quiescent CD4 lymphocytes in vitro. Journal of virology.
69,2977-88 (1995). [PubMed: 7707524]

Zack JA, Arrigo SJ, Weitsman SR, Go AS, Haislip A, Chen IS HIV-1 entry into quiescent primary
lymphocytes: molecular analysis reveals a labile, latent viral structure. Cell. 61,213-22 (1990).
[PubMed: 2331748]

Mohammadi P, Desfarges S, Bartha I, Joos B, Zangger N, Munoz M, et al. 24 hours in the life of
HIV-1inaT cell line. PLoS pathogens. 9,61003161 (2013). [PubMed: 23382686]

Cumont MC, Diop O, Vaslin B, Elbim C, Viollet L, Monceaux V, et al. Early divergence in
lymphoid tissue apoptosis between pathogenic and nonpathogenic simian immunodeficiency virus
infections of nonhuman primates. Journal of virology. 82,1175-84 (2008). [PubMed: 18032487]
Sopper S, Nierwetberg D, Halbach A, Sauer U, Scheller C, Stahl-Hennig C, et al. Impact of simian
immunodeficiency virus (SIV) infection on lymphocyte numbers and T-cell turnover in different
organs of rhesus monkeys. Blood. 101,1213-9 (2003). [PubMed: 12393472]

Estes JD, Wietgrefe S, Schacker T, Southern P, Beilman G, Reilly C, et al. Simian
immunodeficiency virus-induced lymphatic tissue fibrosis is mediated by transforming growth
factor beta 1-positive regulatory T cells and begins in early infection. J Infect Dis. 195,551-61
(2007). [PubMed: 17230415]

Hurtrel B, Petit F, Arnoult D, Muller-Trutwin M, Silvestri G, Estaquier J Apoptosis in SIV
infection. Cell death and differentiation. 12 Suppl 1,979-90 (2005). [PubMed: 15818408]

Viollet L, Monceaux V, Petit F, Ho Tsong Fang R, Cumont MC, Hurtrel B, et al. Death of CD4+ T
cells from lymph nodes during primary SIVmac251 infection predicts the rate of AIDS
progression. Journal of immunology (Baltimore, Md : 1950). 177,6685-94 (2006).

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rabezanahary et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Page 17

Monceaux V, Viollet L, Petit F, Cumont MC, Kaufmann GR, Aubertin AM, et al. CD4+ CCR5+ T-
cell dynamics during simian immunodeficiency virus infection of Chinese rhesus macaques.
Journal of virology. 81,13865-75 (2007). [PubMed: 17898067]

Fennessey CM, Pinkevych M, Immonen TT, Reynaldi A, Venturi V, Nadella P, et al. Genetically-
barcoded SIV facilitates enumeration of rebound variants and estimation of reactivation rates in
nonhuman primates following interruption of suppressive antiretroviral therapy. PLoS pathogens.
13,e1006359 (2017). [PubMed: 28472156]

Persaud D, Gay H, Ziemniak C, Chen YH, Piatak M Jr., Chun TW, et al. Absence of detectable
HIV-1 viremia after treatment cessation in an infant. N Engl J Med. 369,1828-35 (2013).
[PubMed: 24152233]

Luzuriaga K, Gay H, Ziemniak C, Sanborn KB, Somasundaran M, Rainwater-Lovett K, et al.
Viremic relapse after HIV-1 remission in a perinatally infected child. N Engl J Med. 372,786-8
(2015). [PubMed: 25693029]

Henrich TJ, Hatano H, Bacon O, Hogan LE, Rutishauser R, Hill A, et al. HIV-1 persistence
following extremely early initiation of antiretroviral therapy (ART) during acute HIV-1 infection:
An observational study. PLoS Med. 14,e1002417 (2017). [PubMed: 29112956]

Macpherson AJ, Smith K Mesenteric lymph nodes at the center of immune anatomy. The Journal
of experimental medicine. 203,497-500 (2006). [PubMed: 16533891]

Mowat AM, Viney JL The anatomical basis of intestinal immunity. Immunological reviews.
156,145-66 (1997). [PubMed: 9176706]

Scharko AM, Perlman SB, Hinds PWn, Hanson JM, Uno H, Pauza CD Whole body positron
emission tomography imaging of simian immunodeficiency virus-infected rhesus macaques.
Proceedings of the National Academy of Sciences of the United States of America. 93,6425-30
(1996). [PubMed: 8692831]

Cumont MC, Monceaux V, Viollet L, Lay S, Parker R, Hurtrel B, et al. TGF-beta in intestinal
lymphoid organs contributes to the death of armed effector CD8 T cells and is associated with the
absence of virus containment in rhesus macaques infected with the simian immunodeficiency
virus. Cell death and differentiation. 14,1747-58 (2007). [PubMed: 17612589]

Laforge M, Limou S, Harper F, Casartelli N, Rodrigues V, Silvestre R, et al. DRAM triggers
lysosomal membrane permeabilization and cell death in CD4(+) T cells infected with HIV. PLoS
pathogens. 9,e1003328 (2013). [PubMed: 23658518]

Petit F, Arnoult D, Lelievre JD, Moutouh-de Parseval L, Hance AJ, Schneider P, et al. Productive
HIV-1 infection of primary CD4+ T cells induces mitochondrial membrane permeabilization
leading to a caspase-independent cell death. J Biol Chem. 277,1477-87 (2002). [PubMed:
11689551]

Terai C, Kornbluth RS, Pauza CD, Richman DD, Carson DAApoptosis as a mechanism of cell
death in cultured T lymphoblasts acutely infected with HIV-1. The Journal of clinical
investigation. 87,1710-5 (1991). [PubMed: 2022741]

Mattapallil JJ, Douek DC, Hill B, Nishimura Y, Martin M, Roederer M Massive infection and loss
of memory CD4+ T cells in multiple tissues during acute SIV infection. Nature. 434,1093-7
(2005). [PubMed: 15793563]

Mavigner M, Habib J, Deleage C, Rosen E, Mattingly C, Bricker K, et al. Simian
Immunodeficiency Virus Persistence in Cellular and Anatomic Reservoirs in Antiretroviral
Therapy-Suppressed Infant Rhesus Macaques. Journal of virology. 92 (2018).

Ruffin N, Brezar V, Ayinde D, Lefebvre C, Schulze Zur Wiesch J, van Lunzen J, et al. Low
SAMHD1 expression following T-cell activation and proliferation renders CD4+ T cells
susceptible to HIV-1. AIDS (London, England). 29,519-30 (2015).

Wang Z, Simonetti FR, Siliciano RF, Laird GM Measuring replication competent HIV-1: advances
and challenges in defining the latent reservoir. Retrovirology. 15,21 (2018). [PubMed: 29433524]
Weng NP, Araki Y, Subedi K The molecular basis of the memory T cell response: differential gene
expression and its epigenetic regulation. Nat Rev Immunol. 12,306-15 (2012). [PubMed:
22421787]

Li P, Spolski R, Liao W, Leonard WJ Complex interactions of transcription factors in mediating
cytokine biology in T cells. Immunological reviews. 261,141-56 (2014). [PubMed: 25123282]

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rabezanahary et al.

80.

81.

82.

83.

84.

85.

Page 18

Groot F, Welsch S, Sattentau QJ Efficient HIV-1 transmission from macrophages to T cells across

transient virological synapses. Blood. 111,4660-3 (2008). [PubMed: 18296630]

Sharova N, Swingler C, Sharkey M, Stevenson M Macrophages archive HIV-1 virions for
dissemination in trans. EMBO J. 24,2481-9 (2005). [PubMed: 15920469]

Gavegnano C, Detorio MA, Bassit L, Hurwitz SJ, North TW, Schinazi RF Cellular pharmacology
and potency of HIV-1 nucleoside analogs in primary human macrophages. Antimicrob Agents
Chemother. 57,1262-9 (2013). [PubMed: 23263005]

Monceaux V, Estaquier J, Fevrier M, Cumont MC, Riviere Y, Aubertin AM, et al. Extensive
apoptosis in lymphoid organs during primary SIV infection predicts rapid progression towards
AIDS. AIDS (London, England). 17,1585-96 (2003).

Campillo-Gimenez L, Laforge M, Fay M, Brussel A, Cumont MC, Monceaux V, et al.
Nonpathogenesis of simian immunodeficiency virus infection is associated with reduced
inflammation and recruitment of plasmacytoid dendritic cells to lymph nodes, not to lack of an
interferon type | response, during the acute phase. Journal of virology. 84,1838-46 (2010).
[PubMed: 19939930]

Bakkour N, Lin YL, Maire S, Ayadi L, Mahuteau-Betzer F, Nguyen CH, et al. Small-molecule
inhibition of HIV pre-mRNA splicing as a novel antiretroviral therapy to overcome drug
resistance. PLoS pathogens. 3,1530-9 (2007). [PubMed: 17967062]

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rabezanahary et al.

>

SIV DNA
copies/10* cells

o

SIV R-U5
copies/10* cells

(@]

SIV RNA
copies/10% cells

4

»

Page 19
Il NAIVE
TCM
. SPLEEN MES LNs AX-ING LNs |H
4.0x10%7 1o 8.0x10"1 4.0x104 B TEM
103
3.0%1049 1" Toae ! 3.0%104 W TFH
: : | T
0 3.0%104
2.0%104 ! - 2.0x104
2.0%104
1. 1.0x104
1.0%104
1] 0
0 4 47 7 1111141418 18 30 30 0 4 4 7 7 1111141418 18 30 30 0 4 4 7 7 1111141418 18 30 30
3.06105 . Z.0x1051 . 4;.0)(105l - |
1 0,1051 a1l 1.0x105L | ' 1.0x105L - cho
7.5x104 7.5x104 7.5%104
100 7 7 to 7 7 0 7 7
5.0x10% 5.0%10% 5.0x10%
2.5%104 2.5%104 2.5%104
0 0 0
004 47 71111141418213030 00447 71111141418213030 004 47 71111141418213030

2.5*1071 105 4.0x1071

104 |
5.0x106-L 100 [ 1.0%107 \
3.0%106 102 I II 3.0x108
he l
10 7 7
2.0%108 2.0%108
1.0x108 1.0x108
0 0
0 4 4 7 7111114141818 30 30 0 4 4 7 71111141418 18 30 30 0 4 4 7 7 1111141418 18 30 30

>

>

Days post-infection

Figure 1. Frequencies of cell-associated SIV DNA, R-U5 and RNA in non-treated Sl V-infected
RMs.

Freshly isolated cells were sorted in Naive, TCM, TEM, TFH and TTD populations from the
spleen, mesenteric LNs (MES LNs) and peripheral LNs (AX-ING LNs) from RMs
sacrificed at different times after SIV infection. Each color represents one cell population.
A) Viral DNA was quantified by nested gPCR, and results were expressed as SIV DNA copy
numbers per 104 cells. B) SIV R-U5 was quantified by qPCR, and results were expressed as
copies per 104 cells. C) Viral RNA was quantified by RT-gPCR, and results were expressed
as SIV RNA copy numbers per 10% cells.
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Figure 2. Total amount of SIV DNA and RNA in non-treated Sl V-infected RMs.
Cells as described in figure 1 were sorted and each color represents one cell population. A)

Total amount of SIV DNA copies in the different tissues. B) Total amount of SIV RNA
copies in the different tissues. ND, not done due to the low number of cells recovered.
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Figure 3. Distribution of SIV DNA and RNA in cellular and anatomical sites.
The pie graphs represent the distribution of SIV A) DNA and B) RNA per subpopulation per

organ for the acute (days 11-14) and steady state (days 18-30) phases of infection. Each
graph represents the median of 4 animals. The size is proportional to the total amount of SIV
DNA or RNA in total CD4 T cells per organ (the absolute value is indicated below each
graph and the size of the Ax/Ing LNSs pie graph at the acute phase is used as reference).

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rabezanahary et al. Page 22

A Il NAIVE
103 108
m ™
2 )
3 102 =
g8 53w B TEM
o 2 ag
38 . 51 Davil | TFH
s E g 10
g g (R110806) B T
100 : - : 100 2
B SPLEEN  MESLNs AX-ING LNs SPLEEN  MESLNs AX-ING LNs
1031 100
2 @
3 «8 10%1 < ﬁ 1021
e 2 g%
>3 > % Day 14
D3 1014 @2 4014
5 5 (111466R)
100 : - r 1004
c SPLEEN  MESLNs AX-ING LNs SPLEEN  MESLNs AX-ING LNs
103, 103
K] 2
0 8 102 < 8 1074
= Z %
2 g2 Day 27
> 2 > g ay
R @ L q01d
g g 10 (R110562)
ol _— - =
D SPLEEN  MESLNs AX-ING LNs SPLEEN  MESLNs AX-ING LNs
103 100
2 2
w 8 102 < 8 102
= S«
x 2 RS
> >3 Day 35
B2 401 a 10
g g (R110360)
100 1
SPLEEN  MESLNs AX-ING LNs SPLEEN  MESLNs AX-ING LNs
E 108 108
2 )
g 8 104 <8 10
x 2 5%
>3 >3 Day 36
D5 101 ®? 2 101
8 g (131660R)
100 o -
F SPLEEN ~ MESLNs AX-NG LNs SPLEEN  MESLNs AX-ING LNs
1034 1034
2 2
w 8 107 < 8 102
g% - Day 55
>z >3
B3 1011 @ g 10 v
8 I 8 (121836R)
100

T T T =
SPLEEN MES LNs  AX-ING LNs SPLEEN MES LNs  AX-ING LNs

Figure 4. Detection of SIV DNA and R-U5in RMstreated with ART at day 4 post-infection.
RMs were treated with ART at day 4 post-infection. ART consists in a cocktail of TFV and

FTC administrated subcutaneously, and of RGV and RTV administrated by oral route. IDV
was administrated during week one. ART was administrated once per day. Cells were
isolated from the spleen, the MES and AX-ING LNs of six ART-treated RMs. RMs were
sacrificed at different time points, post-infection. After cell sorting, early reverse transcripts
and total SIV DNA levels were quantified by gPCR in Naive, TCM, TEM, TFH and TTD
cells. SIV R-U5 and DNA results are expressed as copies per 104 cells. ND, not done due to
the low number of cells recovered.
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AX-ING LNs

Figure5. Viral load and frequencies of cell-associated SIV DNA and RNA after ART

interruption.

RMs were sacrificed at different time points after ATi (#R110482, at day 10; #R110804, at
day 15; (#111430R, at day 18; #121888R, at day 12 and #131134R, at day 15) A) Viral
loads during ART and after ATi were quantified by gRT-PCR. Each color represents one
individual. Frequencies of B) SIV DNA and C) SIV RNA were quantified by gRT-PCR in
sorted CD4 T cell subsets. Each color represents one cell population. RMs are indicated by

the same color as in panel A. Results are expressed as copies per 104 cells.

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.




Page 24

Rabezanahary et al.

80+387T 0T L6y €05 80+3.89 ST 66 T09 80+399€ 0T  S0S G6v €Ly €0  0S§. 06 %Hw.,m T 5009d
80+3¥.T  8C 79 &eL 80+3AL0Y YT STr 85  80+309T 90  IT9 88 116 8z 79 8¢l m_mww T 7509d
L0+3P2€  TT  9Sy  ¥¥S  80+dgee T ¢Sy 8¥S  80+3TTT 0  §69 G0 ¥WOT 9T 688 GT9 mwwm T 9009d
g0+38z€ €T  Tvy 655 80+AlZy  ¥T  ¥Tr 9SG  80+308T S0 089 02E 559 6T TV 8G9 mwﬁw T Tv09d
80+3/02  0€  8¥Z ¢S, 80+3999 LT  €l¢ LZ. 80+3LTT S0 TSS9 6¥E  60TT 8T €98 LY9 m_ww.rm L 9g09d
80+3€€T 8T  ¥9¢ 9€9 go+aATE LT TLE 629 80+3X9T €T  6€r  T9S 8T 7T 0Syr  06S mﬂ% s L zs0ad
80+31ST  TT 82 7.9 80+366'8 ¢ 80 ¢69 80+3ET 9T  §LE T an LT Ll €29 mww.,o 4 8e04d
an anN aN  aN  80+30T9 LT vlE 979 an an an  an anN vz 062 OTL m_wﬂo 4 £009d
Idsked 18V ON
L0+36€9  TZ  82€ €.9 80+3006 Z¢  9TE  ¥89  80+395€ LT  LLE €79  G68T 0T  T0S 66 m_wﬂo 0 825
L0+3€€Y 9T e8¢ TT9 80+30T'8  0€  0G 0G. 80+#39€€  0C  ¢€ 899  8I¥T €T Tvr  86S mww.ro 0 05.€6
[0+43TT8 ST v¥8Z 9T, 80+389S 8¢ 99z veL 80+39%€E 9T  G8E ST9 161 vz 162 60L mww.,o 0 6909d
80+3/02 ST  ¥6€ 909 80+3ETS 9T  LL€ €79 80+3ELE €T €%y LSS ¥89C 9z 08 02 m_wﬂo 0 7909d
80+366T 9T  T6E 609 80+308. ST  €0r 265 80+39€€ ¥T STy G8F  G#eC 9z 6L T mww.ro 0 1509d
sequnu  8ad (%) (%) seqwnu  8dD (%) (%) sequnu  8ad (%) (%) gww 8ad (%) (%)
J=5] /FAd  8ad ¥ad ]55] #Ad> 8ad ¥AD 190 #AD  8ad ¥AD unod  HAD 8AD  ¥AD
LydD omed €adD €dd 1lvy@d omey €dd €d0  L¥dD oWed €00 €D  padD  oWed €AD  €dD
jw
ONI/XY San NEERES aooTs \@m%n_a o lon iy
feIA

11V ‘uondnugiul 14V SN (ONI/XY) reuinbul-Arejjixe pue (S3N) SN o181Ussaw ‘uasjds ‘poojq Jesaydiiad woly pareslpul aJe || 1 ad Jo slaquinu
8y} pue ‘gaQ/yAD 40 oljel 8y} ‘199 1 ,£AQD Buowe s|192 1 8@ pue @D Jo sabejusdiad syl ‘eIas Ul Peoj [BJIA aU} ‘9214119€S JO awl} 8y} ‘8|qel SIu} uj

'SINY PRI%BJUI-A IS Jo sueb Jo pioydwA| pue poojqayl ul painsesw s opwe fed sunwiwi pue e216o[oJIA

Author Manuscript

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



Page 25

Rabezanahary et al.

80+306'7 €T L'ey  ¥IS  60+30V'T ST €0F 865  80+30V'S 60 €2 Ly v.2T ST g6 509 mww_,m 8T HOEYTTT
80+3LEY (4 G0e  §69  80+388'8 [ 7€ 89.  80+396'9 0T 06y 0TS 0T0T vz L'6  €0L m%m ST IPETTET
80+30L'T €T 9y ¥IS  80+30¢'L ST 6§66 S09  80+30S'T 80 TS 62 668 60 ves 9Ly mmmm ST ¥080TTY
80+355'9 ST €0y 165  80+307'6 02 Z7€e 899  80+307°6 60 128 €Ly 0SvT ST 0Ty 065 mww_r , 4 u888TZT
80+30T°Z v'T 6Ty 185  60+30T'T LT Tl 879  80+30EV 0T L6y €09 9872 A 0Ty 065 m%w 0T Z8v0TTY
v
-150d v
sheq
80+3G¢'T 4% €6T 208  60+3S9°T G'E 122 6., 80+398°€ 80 8vs Sy 226 L0 065 0TV mﬁ%mo ag H9E8TZT
80+305'S A4 0TE 069  80+380°8 A4 0TE 069  80+36E'S €C 00 00L 198 T oSy Y'Y mww_,o 9 H099TET
80+30T'G 9T €8e  LT9  80+309°€ 80 TS5 6y 80+30V'S 80 €68 Lty veL A €Sy LY mwﬂo Ge 09€0TTH
80+30L'% 60 1S 98y  80+30TV z1 0Sy 065 80+309°€ 90 ¥19 98¢ YTET 0T 905  ¥6 mﬁ%mo 1z 2950TTY
80+30LT 11T 8.y Z2S  80+307°L z1 66y  GYS  80+30SY L0 €85 LT 0SST 80 €58 Lt mww_,o vT H99YTIT
L0+3VS'T ST Loy €65  60+3LY'T T 0Ty 065 80+326C 0T 0SS S6Y £6ET ST 968 ©09 mwﬂm 1T 9080TTH
Id shkea 14V
80+398'T L0 09 966  80+3VE'S 90 0T9 06  L0+38Y'8 20 L1'S8 €T €19 70 L'0L €62 mwmw 0 eeogd
80+3SY'S 60 €25 Ly 80+3LEE 60 2 8Ly 80+3LET €0 6'SL TYe 00€T 90 0€9  0L€ mﬁw 0 sT09d
80+38T°€ 80 LSS €vr  80+329°¢€ 80 L'9S €8y L0+3SY'6 70 €eL Lz 761 90 T19 68 mwﬂm 8T 1209d
80+3ecy 0T T0S 667 80+39T'E A Sy SvYS  L0+3€8'T 20 7s8 8Vl 156 0T g6y 0§ m%w 8T 6709d
sequnu  8ad (%) (%) sequnu  8ad (%) (%) sequnu  8aD (%) (%) gww 8a0 (%) (%)
[=8) »Ad> 8ad0 ¥AD 8] #Ad> 8a0 +dAD =] »A2> 8ad vdD unod  HAD 8D ¥AD
1L¥ads oy €dd €do 1¥ad oy €dd €dd 1¥ad oYy €00 €a0 pa@> oied €QD €AD
jw
[oldod  2011i0es aioo
ONI/XY S3an NI31dS aood 0eo| 10 ke BWIUY
I

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Mucosal Immunol. Author manuscript; available in PMC 2020 May 13.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rabezanahary et al.

Table 2.

Page 26

Viral load CD4 and CD4 T cell countsin Sl V-infected RMstreated with ART at week 6.

RMs (n=12) were followed still week 32, and four animals are sacrificed at week 36. The viral load in the

blood and CD4 T cell counts are indicated at each time point post-infection.

Animal  Weekspost infection  Viral load copiesml  CD4 count
RRel5 6 3250000 484
14 209 331
32 30 1014
RBo15 6 2620000 133
14 30 408
32 30 591
RCy15 6 245000 337
14 30 524
32 30 1332
REb16 6 2440000 723
14 166 1122
32 30 1473
RHal5 6 246000 262
14 30 591
32 30 740
RHb15 6 577000 560
14 30 845
32 30 660
RHo15 6 1600000 253
14 182 708
32 30 559
36 30 815
RJI15 6 1960000 375
14 276 574
32 30 469
36 30 266
RAK15 6 199000 726
14 30 1111
32 30 1015
36 30 651
RNi15 6 309000 424
14 78 609
32 30 287
36 30 625
RWI15 6 442000 986
14 63 1250
32 30 1547
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Animal  Weekspost infection  Viral load copiesml  CD4 count

RYj15 6 128000 778
14 30 1199
32 30 726
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