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ABSTRACT

Understanding the earliest events of HIV sexual transmission is critical to develop and optimize
HIV prevention strategies. To gain insights into the earliest steps of HIV rectal transmission,
including cellular targets, rhesus macaques were intra-rectally challenged with a single-round
SIV-based dual reporter that expresses luciferase and iRFP670 upon productive transduction.
The vector was pseudotyped with the HIV-1 envelope JRFL. Regions of tissue containing foci of
luminescent, transduced cells were identified macroscopically using an in vivo imaging system,
and individual transduced cells expressing fluorescent protein were identified and phenotyped
microscopically. This system revealed that anal and rectal tissues are both susceptible to
transduction 48 hours after the rectal challenge. Detailed phenotypic analysis revealed that on
average, 62% of transduced cells are CCR6* T cells—the vast majority of which express
RORyT, a Th17 lineage-specific transcription factor. The second most common target cells were
immature dendritic cells at 20%. These two cell types were transduced at the rates that are four to
five times higher than their relative abundances indicate. Our work demonstrates that Th17 T and

immature dendritic cells are preferential initial targets of HIV/SIV rectal transmission.

IMPORTANCE

Men and women who participate in unprotected receptive anal intercourse are at high risk for
acquiring HIV. While in vitro data have developed a framework for understanding HIV cell
tropism, the initial target cells in the rectal mucosa have not been identified. In this study, we
identify these early host cells by using an innovative rhesus macaque rectal challenge model and
methodology, which we previously developed. Thus, by shedding light on these early HIV/SIV

transmission events, this study provides a specific cellular target for future prevention strategies.
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INTRODUCTION

Receptive anal intercourse (RAI) accounts for more than half of new HIV-1 infections in the
United States [1]. For a successful transmission event to occur, HIV has to overcome physical
and biological barriers—including mucus, epithelia and host restriction factors. While the initial
events in vaginal transmission were explored by us [2, 3] and others [4-6] in several studies, little
is known about HIV infection via intrarectal route. The goal of this study was to identify the
initial cell targets of HIV infection during rectal transmission.

Epidemiological and comparative studies in macaque rectal challenge models suggest that
HIV/SIV is more efficiently transmitted via RAI than via other mucosal routes [7, 8]. In RAI,
incoming virions encounter anal and rectal tissues, which are structurally distinct [9]. Anal tissue
is composed of a stratified multilayered epithelium, which is similar to vaginal and ectocervical
tissue. In contrast, rectal tissue, like endocervical, is lined by a simple columnar epithelium (i.e.,
a single cell layer). It is generally believed that the stratified squamous epithelium provides a
more robust protection against invading pathogens relative to the single cell layer of the
columnar epithelium, which is expected to be more readily penetrated by external solutes and
microorganisms. In addition, underlying the simple epithelium are a large number of CD4* HIV-
target cells, including: T cells, macrophages and dendritic cells (DCs) [10], further increasing the
susceptibility of the rectum to infection by HIV/SIV relative to the oral mucosa and female
reproductive tract (FRT). There is an ongoing debate about the initial targets of infection after
rectal transmission. Some reports suggest that T cells are the earliest cell targets of HIV/SIV
infection, while others support the initial infection of macrophages [11, 12]. A trojan horse
model where DCs pick up the virus at the mucosal site of exposure and ferry it to draining lymph

nodes has also been proposed [13]. A definitive answer to this debate is still pending. Clarifying
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the earliest targets of HIV infections is critical to understand HIV rectal transmission and for the
development and optimization of HIV prevention strategies.

We previously developed a dual-reporter system to study early HIV transmission events in
the FRT [2]. Using this reporter system and the rhesus macaque (Macaca mulatta; RM) vaginal
challenge model, we were able to survey the entire FRT for sites of infection (i.e., luciferase*
cells) and to phenotype the initial target of infection. By 48 hours post challenge, we detected
infected cells in both lower and upper FRT—including vagina, ecto- and endocervix, and
ovaries. Importantly, in all FRT tissues, the vast majority of infected cells were CD4* T cells [2].
Subsequently, using replication competent SIVmac239, we identified these early targets to be
Th17 T cells [3].

To study HIV transmission after rectal exposure and determine whether vaginal and rectal
transmission share similar initial events, we developed a replication-defective version of the
dual-reporter system used in our FRT studies. This dual-reported SIV was used to challenge
rhesus macaques. All transduced cells identified in the exposed rectal mucosa represent infection
by the challenge inoculum. Thus, these cells are equivalent to the first cells infected in the tissue
after sexual exposure. Our data reveal that Th17 and immature dendritic cells (iDCs) are the
earliest cells to be infected/transduced after rectal exposure. Importantly, transduced cells were
detected throughout the rectum and anus—revealing that both the columnar epithelium of the

rectum and the stratified squamous epithelium of the anus are permissive to HIV/SIV infection.

RESULTS
Dual-reporter lentiviral vector: design, validation and production. Our laboratory

developed an SIV-based dual-reporter replication-defective vector encoding luciferase and
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mCherry [14] proteins to identify the initial viral targets in the vaginal-challenge RM model [2].
The luciferase reporter allows for low-resolution screening to identify small foci of transduced,
luciferase expressing cells in large pieces of tissue. The luciferase-positive foci can then be
dissected, cryosectioned and studied by, for example, fluorescent microscopy and PCR.

For the current study, we replaced mCherry with the near-infrared fluorescent protein 670
(IRFP670). The iRFP670 fluorophore is better for imaging tissues with high autofluorescence
(e.g., mucosal tissues in general and rectal tissue especially), because of its brightness and
narrow emission spectrum [15]. In addition, there is less autofluorescence at longer (near-
infrared) wavelengths [16]. Expression of this modified bicistronic construct was driven by the
CMYV immediate-early promoter (Fig. 1A). While the luciferase gene [17] is expressed via
translation of the 5°-most initiation codon, iRFP670 was translated via an internal ribosome entry
site (IRES) [2]. Lastly, SIV long terminal repeats (LTR) flank the dual-reporter expression
cassette. We refer to this vector system as “L1670”—Dbased on the sequential luciferase, IRES
and IRFP670 cassettes.

To validate the L1670 construct in vitro, 293T cells were transduced with VSVg-
pseudotyped particles (VSVg-L1670) and, after 48 hours, fixed, immunolabeled for luciferase
and analyzed by fluorescence microscopy. As expected, all iRFP670" cells were also
immunopositive for luciferase, and had clearly defined Hoechst-stained nuclei (Fig. 1B). Un-
transduced 293T cells had no luciferase or iIRFP670 signal above background. To validate that
the detected fluorescent signals were due to IRFP670 and Alexa Fluor 488-labeled luciferase
antibody, we performed spectral confocal imaging; this allows the unique fluorescent emission
signature of each fluorophore to be identified, and distinguished from autofluorescent signals. In

fact, the maximum emissions of the transduced 293T cells precisely matched those anticipated—
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very narrow emission spectra with maxima at 670 nm and 520 nm for iRFP670 and Alexa Fluor
488, respectively (Fig. 1C).

To produce viral particles for the rectal challenge experiments, 293T cells were co-
transfected with the L1670 vector and a SIV3 packaging construct. This provided the viral
proteins in trans to package the L1670 genomic RNA, as we previously described [2]. The
resulting L1670 particles were pseudotyped with the HIV JRFL envelope [18] (JRFL-LI670),
which directs the particles to fuse with CD4* and CCR5* cells. The LI670 replication-defective
dual-reporter particles do not encode any viral proteins. Thus, they transduce target cells, but do
not produce viral particles. As a result, the only cells transduced after viral inoculation in vivo are
the ones initially targeted by the challenge inoculum. These cells are equivalent to the earliest
cell targets after HIV rectal infection.

Both anal and rectal tissue are susceptible to transduction by HIV/SIV after rectal
challenge. To investigate the earliest events after rectal transmission, four female RMs were
inoculated intrarectally with 5 mls of concentrated JRFL-LI670 virus (TCIDso range: 10%-10°).
Prior to viral challenge, we collected rectal biopsies to mimic the effect of microtrauma that
would result from unprotected RAI, and to provide a positive reporter signal as a result of focal
transduction. Animals were sacrificed 48 hours post challenge.

Anal and rectal tissue are structurally and functionally distinct. Our IVIS-luciferase system
allowed us to rapidly assess the distribution of transduced cells over a large surface area and
determine whether rectal and anal tissues also differ in their susceptibility to HIV infection.

Immediately following sacrifice, the entire anus and part of the adjoining rectum were
removed in one piece, washed and examined by IVIS to assess background luminescence.

Minimal to no background luminescence was noted in each of four animals (Figs. 2A, S1A).
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Tissue at each visible biopsy site was excised to serve as positive control. The remaining tissue
was cut into six pieces. All the pieces were incubated in luciferin and re-examined by IVIS to
detect luciferase expression. The number, size and distribution of luciferase-positive foci varied
between animals (Figs. 2B, S1B)—in a way reminiscent of our vaginal challenge studies [2].
One of the four animals showed substantial luciferase signal throughout the anorectal tissue
(FN94; Fig. 2B). In other two animals the luciferase signal was concentrated in the anal region
(GG70 and HP63; Fig. S1B). In contrast, the fourth animal had minimal to no luciferase signal
(DKOQ9; Fig. 2B). The tissue excited from the site of the biopsies exhibited robust luciferase
signal in all animals except in HP63, where the signal was minimal (Figs. 2B, S1B). In three of
the four animals, luciferase signal was strong in anal tissue. This was unexpected given that the
stratified epithelium of the anal tissue is thought to constitute a robust barrier against pathogens
and it suggests that the anal and the rectal tissues are both susceptible to HIV infection.

To validate that the luciferase-positive foci detected by IVIS represent transduced cells,
regions of tissue with the strongest luciferase signal were flash-frozen, cryosectioned,
immunolabeled, and imaged by fluorescent microscopy. E-cadherin immunostaining in the green
channel (Alexa Fluor 488) revealed the distinct epithelial gross morphologies: the stratified
epithelium of anus and the simple columnar epithelium of rectum (Fig. 3A). Imaging in the far-
red channel to detect iRFP670 revealed bright red puncta that were most commonly found in the
lamina propria of both tissues (Fig. 3A). Analysis at higher magnification showed that these red
foci were tightly associated with Hoechst-stained nuclei—essentially enveloping the nuclei (3
insets in Fig. 3A and 3B). Sections were then stained with an anti-luciferase antibody in Alexa
Fluor 488 to confirm the colocalization of the IRFP670* signal and luciferase. We examined 53

IRFP6707 cells across all four animals, and they all expressed luciferase (Fig. 3B). We next
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validated that the observed fluorescence was due to the iRFP670 and Alexa Fluor 488 tagged
luciferase, using spectral imaging and a scanning laser confocal microscope (Fig. 3C). As
expected, the emission profiles of the putatively transduced cells matched the known profiles and
emission maximums maxima for iRFP670 and Alexa Fluor 488.

The ability of the IVIS/luciferase assay to detect transduced cells is dependent on the size
and depth of the luciferase-positive foci [2]. To determine if tissue areas that appear luciferase-
negative by VIS actually contain transduced cells, we carried out nested PCR—a more sensitive
methodology that we previously used to detect rare transduction events in FRT tissues [2, 19,
20]. DNA was isolated from cryosections of three different types of tissue: 1) two Optimal
Cutting Temperature (OCT) media blocks of rectal tissue from animal DKQ9 that were
luciferase-negative by 1VIS, 2) tissue from a biopsy site in animal DKO9 (positive control) and 3)
anorectal tissue from an unchallenged animal from unrelated study (negative control). As
expected, all twelve lanes of positive-control DNA exhibited a robust 244-bp band—a fragment
of the luciferase gene (Fig. S2), and negative-control DNA had no detectable signal.
Interestingly, the luciferase-target band was present in 6 of 24 lanes containing DNA from tissue
that was luciferase-negative by IVIS (Fig. S2). This suggests that some of the areas of tissue that
appear negative in the IVIS-luciferase images contain transduced cells.

Th17 CD4* T cells are the preferential first target of HIV infection after rectal
challenge. Th17 cells are preferentially infected by HIV in vitro [21, 22] and preferentially
depleted in HIV-infected patients and SIV infected macaques [23, 24]. Moreover, we have
previously shown that Th17 T cells are the preferred early target of SIVmac239 in FRT of RM
and that dual expression of CD3* and CCR6™ is a strong predictor of Th17 cell phenotype [3].

Thus, we hypothesized that Th17 may be among the earliest target of HIV/SIV infection after
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rectal transmission as well. To determine if this was the case, we immunostained the
cryosections of luciferase-positive anorectal tissue from the four macaques rectally challenged
with JRFL-L1670 with antibodies against one or more of three cell surface receptors: CD4 (HIV-
1 receptor), CD3 (T-cell-specific marker) and CCR6, a chemokine receptor that is expressed on
iDCs and Th17 cells [25, 26].

We found that all iRFP670*/luciferase* cells were CD4*, as expected, and that the majority
(69% = 11%) were CD3* (Fig. 4A and 4B; Table S1). This was consistent with our previous
vaginal challenge studies [2]. Double immunolabeling for CD3 and CCR6 (Fig. 4C; Table 1)
revealed that the majority (62% + 8%) of transduced cells were CD3"/CCR6* (ie, likely Th17
cells); the second highest percentage (20% + 8%) was CD3/CCR6* cells (ie, likely iDCs). These
results suggest that the predominant target of JRFL-pseudotyped virion in anorectal tissue are
Th17 CD4* T cells and, to a lesser extent, iDCs. The two other target cell phenotypes examined
were transduced at lower frequency: CD3*/CCR6™ (non-Th17 T cells; 4% + 5%) and CD3"
/ICCRG6 (other cells; 14% + 14%). Since at least one of the four averaged proportions was
different (p < .01), two pairwise comparisons were performed: 1) CD3*/CCR6* was greater than
CD3*/CCR67, CD3/CCR6" and CD3/CCR67; and 2) CD3*/CCR6 was lower than CD3/CCR6*
(all p values less than the Bonferroni corrected alpha of 0.008).

While dual expression of CD3 and CCR6 is commonly used to identify Th17 cells, a more
conclusive marker is RORyT, a master regulator transcription factor that controls IL-17
production in T cells [25]. Therefore, to validate that the CD3*/CCR6* T cells noted in anorectal
mucosa are, in fact, Th17 cells, we tested for expression of RORyT. Since no antibodies are
available to detect the RORyT, we utilized fluorescent RNA probes and in situ hybridization

(RNA-FISH), as we have done previously in the FRT [3]. RORYT FISH was optimized (Fig. 5A)

10
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and validated by spectral imaging (Fig. 5B). To visualize RORyT mRNA, CD3 and CCR6 in the
same cells, cryosections were processed for RNA-FISH (RORyT) and immunofluorescence (IF;
CD3 and CCR6) (Fig. 5C). Thus, in this analysis, we evaluated all cells, blind to transduction
status. We found that the vast majority (roughly 90%) of CD3*/CCR6™ cells in the rectal tissue
expressed RORyT. These data validate that dual expression of CD3 and CCR6 is a strong
indicator of the Th17 cell phenotype in RM anorectal tissue and has provided further evidence
that Th17 T cells represent the majority of the early cellular targets of HIV/SIV following the
rectal challenge.

In addition to Th17 T cells, the CCR6 chemokine is also expressed on iDCs [26]. Our
phenotypic analysis revealed that the second most predominant population of transduced cells
are CD3-/CCR6+ cells accounting for 20% + 8%. To find out if CD3-/CCR6+ cells at RM
anorectal tissues are dendritic cells we assessed the expression of DC-SIGN molecule on these
cells by adding the CD209 antibody to the staining protocol. The triple labeling with CD3, CCR6
and CD209 antibodies reveled that all of the CD3-/CCR6+ cells expressed CD209 molecule and
were hence classified as iDCs (Fig. S3).

The preferred HIV-target cells occur at low frequencies in anorectal tissue. Th17 T
cells and, to a lesser extent, iDCs were the cell types that were most commonly targeted by our
JRFL-pseudotyped L1670 vector (Table 1). To test whether this is simply a reflection of their
relative abundance in anorectal mucosa, we analyzed the frequencies of the same four CD4* cell
phenotypes regardless of transduction status. To do this, cryosections from all four RMs were
triple immunolabeled for CD4, CD3 and CCR6 (Figs. 6, S4). Triple immunolabeling revealed
CDA4" cells scattered throughout the anorectal tissue (Fig. S4). Higher magnification imaging

revealed that the four cell phenotypes (based on marker analysis) had distinguishing
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morphological characteristics (Fig. 6A). Th17 T cells and non-Th17 T cells were small and
round, iDC cells were small with multiple cell projections, and the cells in the “other” category
were larger and myeloid-like. We then quantified the relative frequencies of each of the four
phenotypes: non-Th17 T cells (71% + 9%), other cells (15% * 4%), Th17 T cells (12% + 5%),
and iDCs (2% + 1%) (Fig. 6B, Table S2). Thus, in our model system, Th17 cells and iDCs, the
predominant early targets, were the least abundant of the four CD4* cell types. In fact,
comparing these relative mean percentages with those of the iRFP670*, transduced cells (Table
1) revealed that Th17 T cells and iDCs were transduced at rates four to five times greater than
would be expected if targeting were solely a function of relative abundance (Fig. 6B). In
summary, our data demonstrate that Th17 T cells and iDCs are the preferential initial targets for

SIV/HIV in macaque rectal challenge model.

DISCUSSION

The overarching goal of this study was to gain a better understanding of the earliest stages
of HIV infection during rectal transmission—specifically, to define the locations and phenotypes
of the earliest target cells. To accomplish this, we used a modified version of our dual-reporter
vector (JRFL-LI670), which we previously validated in a vaginal challenge RM model [2, 3].
Using the first reporter, luciferase, as a beacon, we were able to identify discrete foci of
transduced cells within large areas of anorectal tissue by IVIS. Using the second reporter
IRFP670, we were able to identify and characterize the transduced cells by fluorescent
microscopy.

We validated the modified viral vector in vitro and in vivo. Nested PCR was used to detect

the dual-reporter genome in anorectal tissues of infected macaques. Immunofluorescent
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microscopy (IF) was used to validate the expression of both reporter proteins (immunostaining
for luciferase expression and direct visualization of iRFP670 fluorescent protein) along with
spectral analysis. Lastly, we confirmed that the transduction was exclusive to CD4 positive cells.

With this system we were able to phenotype the preferred target cells of the challenge
inoculum. As expected, we found that CD4* T cells constituted the majority of the transduced
cells. However, we also determined that most of these transduced CD4* T cells presented a Th17
phenotype. This is despite the fact that Th17 constitute a relatively low proportion of CD4* T
cells in the anorectal tissue.

Interestingly, the second most abundant target was not another T cell subset, rather it was
iDCs (ie, CD3/CCR6™), which also occur at a very low frequency in the anorectal tissue. Early
infection of iDCs support the hypothesis that these cells may act as trojan horses and facilitate
viral transport to lymphoid sites increasing viral spread after transmission.

These data bear striking similarities to our vaginal transmission studies, using either LICh
(dual-reporter vector with mCherry) [2] or wild-type SIVmac239 virus [3]. In both studies, CD4*
T cells were preferentially targeted in the 48 hours after challenge. Moreover, the wild-type SIV
study, like the current study, revealed a four- to five-fold enrichment in infection of Th17 cells,
which also constituted the vast majority of infected cells. This preference for Th17 cells in both
vaginal and rectal mucosa may be explained by co-receptor usage. Thus, it may be important to
determine whether Th17 in the rectal mucosa express higher levels of CCRS5 than other T cell
subsets. Moreover, future studies will need to investigate whether our data are recapitulated
using a CXCR4-tropic envelope. Besides co-receptor expression, Th17 cells may express other
surface molecules that may facilitate viral entry and/or transduction. In contrast, preferential

transduction of iDCs may be due to their remarkable ability to capture viral particles through
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DC-SIGN or other lectin receptors, expressed at high levels on iDCs [13]. However, since these
receptors and co-receptors are expressed at various levels also by other cell subsets, preferential
transduction may be more readily explained by the state of activation of the cells. A higher
metabolic state may facilitate nuclear transport, integration and transcription of our vector as
well as of HIV. Th17s are involved in maintaining epithelial homeostasis by constitutively
monitoring the levels of local commensal antigens presented by iDCs [27, 28]. This ongoing
activity and regular function of these two cell types are consistent with them normally being in a
more metabolically active state than other resident T cell subsets and likely provide an
intracellular environment that efficiently supports the early phase of the SIV/HIV replication
cycle [29]. This model is supported by data demonstrating that increased metabolic activity in
target cells leads to increased reverse transcription, integration and virion production and that
HIV does not efficiently replicate in resting CD4* T cells [30, 31]. Alternatively, Th17 cells and
iDCs may have lower expression of restriction factors such as MxR, which can inhibit the early
phase of the HIV life cycle, especially in a type-1 interferon-influenced environment [32, 33].
Therefore, susceptibility mediated by cellular metabolism or innate responses is potentially a
more important determining factor than tropism in the sexual transmission of HIV.

This study focused on the anus and distal-most 6 cm of the rectal compartment and,
therefore, did not examine transmission events that may have taken place in the descending or
transverse colon. Fluids introduced into the rectum can rapidly spread beyond the distal rectum
[34, 35] including as far as the distal (sigmoid) colon [35, 36]. This has been confirmed in the
RM model and shown to be volume dependent, utilizing including methylene blue dye and MRI
detectable viral surrogates [37] and the spectrum of target cells in mucosa can vary in different

parts of the large bowel [38]. In addition, the atraumatic inoculation utilized here is distinct from
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receptive anal intercourse—both in terms of the resulting tissue trauma and the presence of
semen, which could influence the location and phenotype of transduced cells. For example,
receptive anal intercourse results in changes in the microbiome and increases in Th17 cell
signatures [39]. Future studies are needed to address each of these concerns and to determine if
they affect the localization and phenotypic profile of the initial cell targets.

Of note, our method did not efficiently detect isolate transduced cells in the anorectal tissue
of the macaques. This is likely because photons used for bioluminescence (luciferase) detection
are limited in the ability to penetrate the tissue. In contrast, nested-PCR allowed the detection of
luciferase in a small percentage of tissues negative at IVIS. Since, the IVIS-negative, PCR-
positive tissue represented only a fraction of the total PCR-positive tissue, our results would
likely not change if these areas were included in our analysis. However, alternative imaging
approaches such as radioactivity-based imagining by positronic emission tomography (PET) may
be more sensitive for this type of studies.

Another downside of our system is the use of a replication incompetent virus that does not
allow to study virus-host cell response to infection nor changes in the phenotype of infected cells
over time. Thus, future studies will include an inoculum containing a mixture of our L1670
vector and wild-type SIV virus. We have already shown that this approach facilitates the
identification of cells infected by the wild-type virus [3].

Future work will also have to address how risk factors, such as sexually transmitted
infections and inflammatory microbiomes, that are known to impact the susceptibility of mucosal
HIV transmission change the phenotype of the earliest target cells. Understanding the
mechanisms of HIV transmission in receptive anal intercourse constitutes an important step to

develop better prevention strategies. An increased understanding of the similarities and
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325  differences of the initial targets of infection in the vaginal and rectal compartments may advance
326  approaches that increase protection in both compartments. The rhesus macaque model and our
327  reporter system possibly combined with wild-type challenge constitute the ideal model to

328 investigate the earliest aspects of sexual transmission, potentially advancing the development of

329  next generation PrEP approaches.

16


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.04.27.441720; this version posted April 28, 2021. The copyright holder for this preprint (which

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

MATERIALS AND METHODS

Ethics statement. All animal studies were conducted in accordance with protocol P0153,
approved by Northwestern University and Tulane National Primate Research Center Institutional
Animal Care and Use Committees (IACUC). This study was carried out in accordance with the
Guide for the Care and Use of Laboratory Animals of the National Institutes of Health and the
recommendations of the Weatherall report, The Use of Nonhuman Primates in Research.
Animals were euthanized by sedation with ketamine hydrochloride injection followed by
intravenous barbiturate overdose, in accordance with the recommendations of the panel on
Euthanasia of the American Veterinary Medical Association.

Dual-reporter viral vector—design and production. Our SIV-based pseudovirus dual-
reporter vector (Fig. 1A) was generated by modification of the SIV3* vector [40]. The two
reporters, codon-optimized firefly luciferase and iRFP670 are separated by IRES; iRFP670 was
chosen for its unique narrow emission spectrum (670 nm) [15]. To ensure robust expression,
transcription of both reporters was driven by the constitutive immediate-early CMV promoter
and stimulated by WPRE [41, 42].

Pseudotyped reporter virus was produced by transfection of 293T cells with four plasmids
complexed with polyethyleneimine (Polysciences): dual-reporter vector described above, SIV3*
packaging vector, REV expression plasmid DM121, and either a VSVg or JRFL envelope. VSVg
pseudotyped particles (VSVg-L1670) were used to validate reporters in culture; JRFL
pseudotyped particles (JRFL-LI1670) were used in the animal challenge studies. As described
previously [2], the 293T cell supernatants containing pseudotyped virus were collected 48 hours
post-transfection, purified through 0.22-um filters, concentrated over 30% sucrose cushions,

titrated for infectivity (TCIDso range: 10%-10°) on 293T cells, and stored at -80°C.
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Cell culture. 293T cells (American Type Culture Collection) were cultured at 37°C and 5%
COzin Dulbecco's Modified Eagle Medium (HyClone) containing 10% fetal bovine serum,

100 Um/L penicillin, 100 pg/mL streptomycin and 292 pg/mL I-glutamine (Gibco). Cells were
seeded on coverslips in 24-well plates (50,000 cells/well) and, upon reaching 80% confluence,
transduced with VSVg-L1670. After four hours, virus-containing supernatant was removed, and
cells fed with fresh media. Forty-eight hours later, the transduced cells were fixed,
immunostained and analyzed, as described below.

Non-human primate studies. Four female RMs were used for this study. At the Tulane
National Primate Research Center, each animal received four to six rectal biopsies at random,
and were then immediately inoculated rectally with 5 mls concentrated JRFL-L1670 virus
(TCIDso range: 10*-10°). Animals were sacrificed 48 hours after inoculation (the shortest time
interval in which we could reliably detect reporter expression). Immediately, anorectal tissue
encompassing the first 6 to 7 cm of the distal colon was extirpated in one piece, and shipped
overnight in RPMI medium on ice for further processing in the Hope Laboratory at Northwestern
University.

In vivo imaging system (IVIS). We employed IVIS to rapidly and efficiently screen the
large pieces of anorectal tissue for a relatively small number of transduced cells. The anorectal
tissue piece was first washed gently, yet thoroughly, in PBS to remove as much fecal matter as
possible and placed in the PerkinElmer 1VVIS Lumina Series I11 device to image background
luminescence. Disposable tissue biopsy punchers were used to excise the visible biopsy sites (3
mm across), and the remaining tissue was cut into six large pieces. All tissue pieces were
incubated in 100 mM d-luciferin (Biosynth) for 10 minutes, and IVIS imaged a second time—in

this instance, for luciferase expression. One or more pieces of anorectal tissue with the highest
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expression (ie, presumably the highest number of transduced cells), were cut into six smaller
pieces (2 mm?) and re-imaged by IVIS, to even further isolate the areas of the tissue with the
highest lucerifase expression. All luminescent signals were analyzed using Living Image
Software (PerkinElmer). In this manner, we narrowed down the areas of interest for the follow-
up fluorescent microscopy. However, all pieces of tissue were snap frozen in optimal cutting
temperature (OCT) compound.

Immunolabeling and microscopy. OCT blocks of anorectal tissue were cryosectioned (20-
pum), fixed in 1% formaldehyde in PIPES buffer (Sigma) and blocked with normal donkey serum
(Jackson Immuno). Cryosections and 293T cells were immunostained for luciferase with
polyclonal rabbit anti-firefly luciferase antibody (clone ab21176, abcam) pre-labeled with Zenon
Alexa Fluor 488 Rabbit IgG Labeling Kit (Thermo Fisher Scientific). In addition, cryosections
were immunolabeled with one or more of the following four antibodies: 1) mouse anti-human
CD4 (clone OKT4, hybridoma supernatant) with rhodamine Red-X donkey anti-mouse 1gG
(Jackson Immuno); 2) rabbit anti-human CD3 (clone SP7, abcam) with rhodamine Red-X
donkey anti-rabbit IgG (Jackson Immuno), 3) mouse anti-human CD196 prelabeled with Alexa
Fluor 488 (CCR6 marker; clone GO34E3, BioLegend) and 4) E-Cadherin (BD Pharmagin,
catalog number 560062). Secondary-antibody-only negative-control images were used to set
specificity thresholds for each channel, when appropriate. After antibody incubations,
cryosections (and 293T cells) were incubated with Hoechst 33342 fluorescent stain (Thermo
Fisher Scientific) to visualize nuclei. Image stacks (20 to 40 sections in the Z plane in 0.5-um
steps) were acquired and deconvolved using SoftWoRx software on a DeltaVision Elite (GE)

inverted microscope equipped with a 60x magnification objective.
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Statistical analyses were performed focusing on the infected cells, proportions averaged over
the four monkeys were used in a goodness of fit test to examine if at least one of the proportions
is different from the others (alpha=0.05). If at least one proportion was different, 6 pairwise
goodness of fit tests would be performed to determine which groups are different, using a
Bonferroni corrected alpha=0.008.

Fluorescent in situ hybridization (FISH). To detect RORc transcript variants encoding
RORyT, CAL Fluor Red 610-conjugated RNA probes were generated using Stellaris RNA FISH
probe designer (BioCat). Cryosections (20 um) were fixed with 3.7% (vol/vol) formaldehyde in
1x PBS blocked with NDS, and then double immunolabeled with CD3 and CCR6 antibodies, as
outlined above (Immunolabeling and microscopy). Sections were then incubated in 70% ethanol
for 10 minutes at room temperature, and then FISH performed, according to the manufacturer’s
recommendations for sequential IF and FISH (Biosearch Technologies); attention was taken to
minimize exposure of tissue and reagents to RNases. Imaging was performed as outlined above
(Immunolabeling and microscopy).

Spectral imaging. Spectral imaging was performed on immunolabeled cryosections using a
Nikon A1R laser scanning confocal microscope equipped with four laser lines (408, 488, 561,
and 638), a 60x magnification objective, Nikon Elements software, and a 32-channel PMT
spectral detector coupled with software-based linear un-mixing algorithm. Imaging area was set
in the x-y dimension using a region of interest (ROI) feature. After adjusting intensities and
exposure times for the four lasers, the pre-selected ROl was imaged at various intervals along the
wavelength axis to establish the pattern of intensity changes at different emission bands. In this
way, we could determine the emission spectrum for each fluorophore by plotting pixel intensity

vs center wavelength for each emission band. Depending on the experimental design, we imaged
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up to four fluorophores at a time. The fluorophores and their excitation/emission spectra (in nm)
were as follows: Hoechst (345/355), Alexa Fluor 488 (495/519) for luciferase, rhodamine Red-X
antibody (560/580) for CD4 and CD3, and direct fluorescence of iRFP670 (643/670).

Nested PCR. Genomic DNA was isolated from 3 to 5 mg of frozen tissue using the
DNeasy Blood & Tissue Kit (Qaigen). To detect a 244-bp DNA fragment of the luciferase
reporter gene, each nested PCR reaction used 250 ng of genomic DNA, a published amplification
procedure,[2] and an iCycler Thermal Cycler system (Bio-Rad). First-round primers were 5'-
GAAGCGCTATGGGCTGAATA-3' (forward) and 5'- GTCGTACTTGTCGATGAGAGTG-3'
(reverse). In the second round, 2 pl of first-round reaction product was amplified with 5'-
CATGGATAGCAAGACCGACTAC-3' (forward) and 5-GATGATCTGGTTGCCGAAGA-3’
(reverse). Each DNA sample was tested in 24 or more replicates. Negative-control unchallenged
rectal tissue was from animals not exposed to the luciferase-containing reporter vector. Second-
round PCR products were separated in 1.5% agarose gels and visualized by ethidium bromide
staining. For each lane, sequences were confirmed by extracting DNA with the QIAquick Gel

Extraction Kit (Qaigen) with the second-round primers.
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FIGURE LEGENDS

FIG 1. Design and in vitro validation of dual-reporter lentiviral vector. (A) L1670 lentiviral
reporter vector contains luciferase and iRFP670 genes driven by CMV and IRES promoters,
respectively. (B) 293T cells transduced with VSVg-L1670 virus express iRFP670 (red) and are
immunopositive for luciferase (green); nuclei labeled by Hoechst stain (blue). Untransduced,
negative-control 293T cells. (C) Spectral emission profile of a transduced 293T cell.

FIG 2. Luciferase reporter expression in anal and rectal tissue of vector-inoculated RMs.
Animals were inoculated with JRFL-pseudotyped dual-reporter vector, sacrificed 48 hours later
and the first 6 to 7 cm of distal colon removed in one piece. (A) Extirpated anorectal tissue from
two animals (FN94 and DKO09) imaged by IVIS to assess background luminescence; biopsy sites
and anal pole are indicated. (B) Tissue at the biopsy sites was excised and remaining tissue cut
into six large pieces as indicated by dotted lines in A; all pieces were soaked in d-luciferin and
imaged by IVIS to visualize luciferase expression. For animal FN94, the tissue piece with the
highest expression was cut into six smaller pieces that were then re-imaged by IVIS.

FIG 3. Identification of JRFL- L1670 transduced cells in the anorectal tissue. (A) E-cadherin
immunostaining (green) of a longitudinal cryosection of the anal tissue (left), and of a transverse
section through the upper part of the intestinal glands of the rectal tissue (right)—including three
high magnification inserts. iRFP670* cells (red puncta, asterisks); Hoechst nuclear stain (blue);
BM, basement membrane; LP, lamina propria; LU, lumen. (B) Single-cell colocalization of
IRFP670 fluorescent reporter protein (red) and luciferase immunostaining (green); Hoechst stain
(blue). (C) Spectral profiles and emission peaks of iRFP670 (red, 670 nm), Zenon Alexa Fluor

488-labeled luciferase antibody (green, 530 nm) and Hoechst stain (blue, 460 nm).
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FIG 4. Four distinct phenotypes of early transduced cells in anorectal tissue. Cryosections were
immunolabeled (green) for one or more cell surface markers (CD4, CD3 and CCR6) and, in
some instances, luciferase. IRFP670, fluorescent reporter protein (red); Hoechst stain (blue).
Each row shows three images of the same field. (A) CD4* transduced cell (arrow). (B) CD3*
transduced cell (arrow, top) and CD3" transduced cells (arrows, bottom). (C) Dual
immunostaining for CD3 and CCRG6 reveals four distinct phenotypes of transduced cells
(arrows).

FIG 5. The majority of CCR6" CD3* T cells express RORyT in the anorectal tissue. RM
anorectal tissue was processed for RORYT FISH (red) and/or IF for CD3 and CCR6 (green).
Hoechst nuclear stain (blue). (A) RORyT FISH. (B) Spectral imaging of one of the RORyT* cells
in A. CAL Fluo Red 610-labeled RORYT (red, 610 nm) and Hoechst stain (blue, 460 nm). (C)
Sequential IF and FISH; CD3*/CCR6™ cells that are RORyT™ (left panels, arrows) or RORyT"
(right panels, arrows).

FIG 6. Th17 T cells and iDCs are transduced at five times greater frequency than their relative
abundance would predict. Cryosections of anorectal tissues were triple immunolabeled for CD4,
CD3 and CCR6, revealing four different CD4*, HIV-susceptible cell types (arrows in A). (A)
Representative fluorescent images from four cryosections. CD4 (red), CD3 (green; far-red
channel) and CCR6 (green; green channel); Hoechst stain (blue). (B) The four cell phenotypes
displayed as a percentage of the 643 total CD4* cells identified (black bars); data are from all
four animals. Juxtaposed are the data from Table 1—the four cell phenotypes displayed as a
percentage of the 50 total iRFP670+ (transduced) cells identified (gray bars). Error bars represent

standard deviation.

24


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.04.27.441720; this version posted April 28, 2021. The copyright holder for this preprint (which

498

499

500

501

502

503

504

505

506

507

508

509

510

o011

512

513

514

515

516

o17

518

519

520

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

FIG S1. Luciferase reporter expression in anal and rectal tissue of vector-inoculated RMs.
Animals were inoculated with JRFL-pseudotyped dual-reporter vector, sacrificed 48 hours later
and then a large area of anorectal tissue was removed in one piece. (A) Extirpated anorectal
tissue from two animals (GG70 and HP63) imaged by IVIS to assess background luminescence;
biopsy sites and anal pole are indicated. (B) Tissue at the biopsy sites was excised and remaining
tissue cut into six large pieces as indicated by dotted lines in A; all pieces were soaked in d-
luciferin and imaged by VIS to visualize luciferase expression. For each animal, the tissue piece
with the highest expression was cut into smaller pieces that were then re-imaged by IVIS.

FIG S2. Nested PCR validates 1VIS-luciferase data, while also revealing additional transduction
events. To detect a 244-bp fragment of the firefly luciferase reporter gene, genomic DNA
(template) was extracted from cryosections of anorectal tissue from RM DKO09, including
positive-control DNA from biopsy site tissue with robust luciferase expression (Figs. 2, S1).
Negative-control DNA was extracted from tissue from an unchallenged, naive RM from an
unrelated study. Each lane represents a uniqgue DNA sample from a unique cryosection.

FIG S3. All of CCR6" CD3 cells express DC/SIGN molecule CD209 in the anorectal tissue.
Cryosections were immunolabeled with CD3, CD209 (DC/SIGN) and CCR6 antibodies and
Hoechst stain. Each row shows images of the same field. The top panel shows a low
magnification (40x) to show distribution of T cells and iDCs throughout the tissue, while middle
and low bottom images show close up magnification to show distinct morphology of iDCs
(larger size with multiple dendrite projections) vs. T cells (small granular in appearance).

FIG S4. Relative abundance and distribution of CD3*, CD4* and CCR6* cells in anorectal tissue.
Montage of multiple low magnification (40x) images of an immunolabeled and Hoechst-stained

cryosection depicting a large swath of anorectal tissue.

25


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.04.27.441720; this version posted April 28, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

521

522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565

available under aCC-BY-ND 4.0 International license.

REFERENCES

1. Johnson, A.S., HIV Infection — United States, 2008 and 2010.

2. Stieh, D.J., et al., Vaginal challenge with an SIV-based dual reporter system reveals that
infection can occur throughout the upper and lower female reproductive tract. PLoS
Pathog, 2014. 10(10): p. €1004440.

3. Stieh, D.J., et al., Th17 Cells Are Preferentially Infected Very Early after Vaginal
Transmission of SIV in Macaques. Cell Host Microbe, 2016. 19(4): p. 529-40.

4. Miller, C.J., et al., Propagation and dissemination of infection after vaginal transmission
of simian immunodeficiency virus. J Virol, 2005. 79(14): p. 9217-27.

5. Haase, A.T., et al., Glycerol Monolaurate Microbicide Protection against Repeat High-
Dose SIV Vaginal Challenge. PL0oS One, 2015. 10(6): p. €0129465.

6. Deleage, C., et al., Defining early SIV replication and dissemination dynamics following
vaginal transmission. Sci Adv, 2019. 5(5): p. eaav7116.

7. Tebit, D.M., et al., Mucosal transmission of human immunodeficiency virus. Curr HIV
Res, 2012. 10(1): p. 3-8.

8. Chenine, A.L., et al., Relative transmissibility of an R5 clade C simian-human
immunodeficiency virus across different mucosae in macaques parallels the relative risks
of sexual HIV-1 transmission in humans via different routes. J Infect Dis, 2010. 201(8): p.
1155-63.

9. Tanaka, E., et al., Morphology of the epithelium of the lower rectum and the anal canal in
the adult human. Med Mol Morphol, 2012. 45(2): p. 72-9.

10. Shakirzyanova, M., et al., Pathogenic consequences of vaginal infection with CCR5-
tropic simian-human immunodeficiency virus SHIVSF162P3N. J Virol, 2012. 86(17): p.
9432-42.

11. Cory, T.J., et al., Overcoming pharmacologic sanctuaries. Curr Opin HIV AIDS, 2013.
8(3): p. 190-5.

12.  Sattentau, Q.J. and M. Stevenson, Macrophages and HIV-1: An Unhealthy Constellation.
Cell Host Microbe, 2016. 19(3): p. 304-10.

13.  Geijtenbeek, T.B., et al., DC-SIGN, a dendritic cell-specific HIV-1-binding protein that
enhances trans-infection of T cells. Cell, 2000. 100(5): p. 587-97.

14.  Shaner, N.C., et al., Improved monomeric red, orange and yellow fluorescent proteins
derived from Discosoma sp. red fluorescent protein. Nat Biotechnol, 2004. 22(12): p.
1567-72.

15.  Shcherbakova, D.M. and V.V. Verkhusha, Near-infrared fluorescent proteins for
multicolor in vivo imaging. Nat Methods, 2013. 10(8): p. 751-4.

16.  Jun, Y.W., et al., Addressing the autofluorescence issue in deep tissue imaging by two-
photon microscopy: the significance of far-red emitting dyes. Chem Sci, 2017. 8(11): p.
7696-7704.

17. Rabinovich, B.A., et al., Visualizing fewer than 10 mouse T cells with an enhanced firefly
luciferase in immunocompetent mouse models of cancer. Proc Natl Acad Sci U S A,
2008. 105(38): p. 14342-6.

18.  Koyanagi, Y., et al., Dual infection of the central nervous system by AIDS viruses with
distinct cellular tropisms. Science, 1987. 236(4803): p. 819-22.

19. Milush, J.M., et al., Rapid dissemination of SIV following oral inoculation. AIDS, 2004.

18(18): p. 2371-80.

26


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.04.27.441720; this version posted April 28, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

566
567
568
569
570
571
572
573
574
575
576
o577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

available under aCC-BY-ND 4.0 International license.

Zhang, Z., et al., Sexual transmission and propagation of SIV and HIV in resting and
activated CD4+ T cells. Science, 1999. 286(5443): p. 1353-7.

Rodriguez-Garcia, M., et al., Phenotype and susceptibility to HIV infection of CD4+
Th17 cells in the human female reproductive tract. Mucosal Immunol, 2014. 7(6): p.
1375-85.

Alvarez, Y., et al., Preferential HIV infection of CCR6+ Th17 cells is associated with
higher levels of virus receptor expression and lack of CCR5 ligands. J Virol, 2013.
87(19): p. 10843-54.

McKinnon, L.R., et al., Early HIV-1 infection is associated with reduced frequencies of
cervical Th17 cells. J Acquir Immune Defic Syndr, 2015. 68(1): p. 6-12.

Xu, H., etal., IL-17-producing innate lymphoid cells are restricted to mucosal tissues
and are depleted in SIV-infected macaques. Mucosal Immunol, 2012. 5(6): p. 658-609.
Yang, X.0., etal., T helper 17 lineage differentiation is programmed by orphan nuclear
receptors ROR alpha and ROR gamma. Immunity, 2008. 28(1): p. 29-39.

Wu, Z., T. Hu, and P. Kaiser, Chicken CCR6 and CCR7 are markers for immature and
mature dendritic cells respectively. Dev Comp Immunol, 2011. 35(5): p. 563-7.

Xu, H., X. Wang, and R.S. Veazey, Th17 Cells Coordinate with Th22 Cells in
Maintaining Homeostasis of Intestinal Tissues and both are Depleted in SIV-Infected
Macaques. J AIDS Clin Res, 2014. 5(5).

Hovav, A.H., Dendritic cells of the oral mucosa. Mucosal Immunol, 2014. 7(1): p. 27-37.
Clerc, 1., et al., Entry of glucose- and glutamine-derived carbons into the citric acid cycle
supports early steps of HIV-1 infection in CD4 T cells. 2019. 1(7): p. 717-730.

Taylor, H.E., et al., mTOR Overcomes Multiple Metabolic Restrictions to Enable HIV-1
Reverse Transcription and Intracellular Transport. Cell Rep, 2020. 31(12): p. 107810.
Pan, X, et al., Restrictions to HIV-1 replication in resting CD4+ T lymphocytes. Cell
Res, 2013. 23(7): p. 876-85.

Goujon, C., et al., Human MX2 is an interferon-induced post-entry inhibitor of HIV-1
infection. Nature, 2013. 502(7472): p. 559-62.

Kane, M., et al., MX2 is an interferon-induced inhibitor of HIV-1 infection. Nature, 2013.
502(7472): p. 563-6.

Hiruy, H., et al., A Phase 1 Randomized, Blinded Comparison of the Pharmacokinetics
and Colonic Distribution of Three Candidate Rectal Microbicide Formulations of
Tenofovir 1% Gel with Simulated Unprotected Sex (CHARM-02). AIDS Res Hum
Retroviruses, 2015. 31(11): p. 1098-108.

Shieh, E.C., et al., Lubricant Provides Poor Rectal Mucosal HIV Coverage. AIDS Res
Hum Retroviruses, 2017. 33(8): p. 784-787.

Louissaint, N.A., et al., Distribution of cell-free and cell-associated HIV surrogates in the
colon after simulated receptive anal intercourse in men who have sex with men. J Acquir
Immune Defic Syndr, 2012. 59(1): p. 10-7.

Smedley, J., et al., Tracking the luminal exposure and lymphatic drainage pathways of
intravaginal and intrarectal inocula used in nonhuman primate models of HIV
transmission. PLoS One, 2014. 9(3): p. €92830.

McElrath, M.J., et al., Comprehensive assessment of HIV target cells in the distal human
gut suggests increasing HIV susceptibility toward the anus. J Acquir Immune Defic
Syndr, 2013. 63(3): p. 263-71.

27


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.04.27.441720; this version posted April 28, 2021. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

611
612
613
614
615
616
617
618
619
620
621
622

39.

40.

41.

42.

available under aCC-BY-ND 4.0 International license.

Kelley, C.F., et al., The rectal mucosa and condomless receptive anal intercourse in HIV-
negative MSM: implications for HIV transmission and prevention. Mucosal Immunol,
2017. 10(4): p. 996-1007.

Negre, D., et al., Characterization of novel safe lentiviral vectors derived from simian
immunodeficiency virus (SIVmac251) that efficiently transduce mature human dendritic
cells. Gene Ther, 2000. 7(19): p. 1613-23.

Donello, J.E., J.E. Loeb, and T.J. Hope, Woodchuck hepatitis virus contains a tripartite
posttranscriptional regulatory element. J Virol, 1998. 72(6): p. 5085-92.

Zufferey, R., et al., Woodchuck hepatitis virus posttranscriptional regulatory element
enhances expression of transgenes delivered by retroviral vectors. J Virol, 1999. 73(4): p.
2886-92.

28


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

LTR n CMV

L
t

| a
N %
1\ . A ’
S v 4
.%’k{ AN
&3 A .
' S &
(. ,"
A

Luciferase

LUCIFERASE

Luciferase

No Virus Control

Luciferase

IRES

IRFP670

WPRE  LTR

Fluorescent Intensity

2000
1800
1600
1400
1200
1000
800
600
400

200
0 e

___iRFP670

S —

AP AP AP g0 gD D O g0 IO P

Wavelength (nm)

Fig. 1


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Fig. 2

A PRE-LUCIFERIN B LUCIFERIN

BIOPSY



https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Fig. 3

E-Cadherin

LU

Luciferase

Luciferase

C ___iRFP670
4500 -
4000 - ____Hoechst

3500
3000
2500
2000
1500
1000

500

Fluorescent Intensity

Wavelength (nm)



https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

A

iRFP670

iRFP670

IRFP670

IRFP670

IRFP670

IRFP670

iRFP670 iRFP670

CD3+/CCR6-

CD3-/CCR6+

X

CD3-/CCR6-

iRFP670

Fig. 4


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

B

1000
2 900
® 800
2 700
£ 600
g 500
o 400
o 300
S 200

-
T 100
0

430

___RORyT:CAL FluoRed 610
____Hoechst

450
470
490
510
530
550
570
590
610

Wavelength

—_

630
650
670
690
710
730

nm)

CCRG (IF)

Fig. 5


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

HIV-susceptible cell types (%)

100
90
80
70
60
50
40
30
20
10

Th17 T cell (CD3*/CCR6+)

non-Th17 T cell (CD3*/CCR6")

32/50

65/643

-

Th17 T cell

CCRG6

iDC (CD3/CCR6")

other cell (CD3/CCR®6")

m Resident Cells mTransduced Cells

465/643

12/50
2/50
12/643
,_T_| ———
non-Th17 T cells iDC

CD4" cell types

4/50
101/643

T

other cell

Fig. 6


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Fig. S1

A PRE-LUCIFERIN B LUCIFERIN

mmmmmmmm

BIOPSY

BIOPSY


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Fig. S2

unchallenged tissue IVIS-positive tissue

Jv56 DKO09 ++

IVIS-negative tissues
DKO09 C3 DK09 C1



https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

CCRG6

cBr6

CCR6

CCR6

CCR6

DC-SIGN


https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Fig. S4



https://doi.org/10.1101/2021.04.27.441720
http://creativecommons.org/licenses/by-nd/4.0/

Table 1. CD3 and CCR6 phenotypic analysis of transduced* cells after anorectal
inoculation with JRFL-pseudotyped virions.

Cell Count (%)

Animals CD3* CD3

CCR6* CCR6" CCR6* CCR6- TOTAL
GG70 6 (67%) 0 (0%) 2 (22%) 1 (11%) 9
HP63 3 (50%) 0 (0%) 1(17%) 2 (33%) 6
FN94 17 (65%) 1(4%) 8 (31%) 0 (0%) 26
DKO09 6 (67%) 1 (11%) 1 (11%) 1 (11%) 9

Total (% average * SD) 32 (62% * 8%)

2 (4% % 5%)

12 (20% * 8%) 4 (14% *14%) 50

* iRFP670*
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Table S1. CD4 and CD3 phenotypic analysis of
transduced* cells after anorectal inoculation with JRFL-
pseudotyped virions.

Animals CD4* cells (%) CD3*cells (%)
GG70 15 (100%) 16 (64%)
HP63 12 (100%) 4 (57%)
FN94 4 (100%) 39 (78%)
DKO09 2 (100%) 7 (78%)

Total (% average * SD) 33 (100% % 0%) 66 (69% * 11%)

* iRFP670*/luciferase*
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Table S2. Frequency analysis of four subtypes of CD4* cells in anorectal tissue.

Cell Count (%)

Animals

GG70
HP63
FN94
DKO09

Total (% average * SD)

CD3* CD3

CCRé6* CCR6 CCR6* CCR6 TOTAL
9 (6%) 110 (70%) 5 (3%) 32 (20%) 156
15 (9%) 116 (73%) 2 (1%) 26 (16%) 159
21 (10%) 172 (79%) 2 (1%) 22 (10%) 217
20 (18%) 67 (60%) 3 (3%) 21 (19%) 111
65 (12% + 5%) 465 (7T1% +9%) 12 (2% +1%) 101 (15% +4%) 643
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