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Abstract

A biologically relevant non-human primate (NHP) model of HIV persistence in the central nervous system

(CNS) is necessary. Most current NHP/SIV models of HIV infection fail to recapitulate viral persistence in the CNS
without encephalitis or fail to employ viruses that authentically represent the ongoing HIV-1 pandemic. Here, we
demonstrate viral replication in the brain and neuropathogenesis after combination antiretroviral therapy (ART) in
rhesus macaques (RMs) using novel macrophage-tropic transmitted/founder (TF) simian-human immunodeficiency
virus SHIV.D.191,859 (SHIV.D). Quantitative immunohistochemistry (IHC) and DNA/RNAscope in situ hybridization
(ISH) were performed on three brain regions from six SHIV.D-infected RMs; two necropsied while viremic, two
during analytical treatment interruptions, and two on suppressive ART. We demonstrated myeloid-mediated
neuroinflammation, viral replication, and proviral DNA in the brain in all animals. These results demonstrate that TF
SHIV.D models native HIV-1 CNS replication, pathogenesis, and persistence on ART in rhesus macaques.
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Introduction

Research has demonstrated that long-lived myeloid cell
types play a critical role in human immunodeficiency
virus-1 (HIV-1) latency and cellular dysfunction even
during antiretroviral therapy (ART) suppression [1-4].
However, HIV persistence and reservoirs in the central
nervous system (CNS) remain understudied. Simian
immunodeficiency virus (SIV)/simian-human immuno-
deficiency virus (SHIV) infection of non-human primates
(NHP) is a biologically relevant model to investigate
HIV-1 persistence in the CNS, but the rapid pathogenic
progression of previous SIV and SHIV viruses has limi-
tations in modeling HIV-1 [5, 6]. Earlier studies utiliz-
ing SHIV/NHP model systems in the CNS were focused
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on SHIV/HIV encephalitis and did not investigate the
persistent effects of SHIV infection in the CNS through
ART suppression [7-11]. Furthermore, earlier models
did not include TF HIV-1 envelope-containing viruses.
To better understand the chronic progression of HIV-1
neuropathogenesis on suppressive ART, a non-encepha-
litic CNS infection NHP model is necessary [12]. Here,
we characterize the neuropathogenesis of macrophage-
tropic TF SHIV infection in rhesus macaques (RMs) to
elucidate the dynamics of HIV pathogenesis and persis-
tence in the brain during ART.

During suppressive ART therapy, stably integrated and
replication-competent HIV-1 proviral DNA persists in
several long-lived cell types [1, 4, 13—15]. If treatment
is interrupted, HIV can rebound from latent reservoirs
to detectable levels of viremia in as little as two weeks
[16]. CD4+memory T cells were the first HIV-1 reser-
voir identified and are the best characterized to date [13].
However, a myeloid-based viral reservoir in the CNS has
been extensively described [17-21]. It is hypothesized
that HIV-1 seeding of the CNS is caused by the trans-
migration of macrophages, CD14+CD16+monocytes,
and CD4+T cells across the blood-brain barrier [17, 20,
22, 23]. Recent studies have provided evidence that CNS
macrophages and microglia are susceptible to HIV-1
infection and harbor HIV-1 DNA during ART-induced
viral suppression [18-20, 24]. Due to the scarcity of
human brain samples from ART-suppressed individu-
als and the neuropathological differences between tradi-
tional SIV/NHP models and HIV-1 neuropathogenesis,
the viral dynamics and complete characterization of the
latent reservoir in the CNS have yet to be fully eluci-
dated. Biologically relevant, neuropathogenic TF SHIVs
are a valuable tool to investigate the myeloid reservoir in
the CNS in vivo.

Env SHIVs are chimeric viruses in which an HIV-1 env
gene replaces the equivalent gene in an SIV backbone
and thus encode HIV-1 tat, rev, vpu, and env genes [25].
SIVmac-backboned SHIVs encoding HIV-1 env glycopro-
teins efficiently replicate and cause disease in RMs [25].
In humans, productive HIV-1 infection in a naive host is
typically established by a single TF virus that founds pro-
ductive systemic infection [26]. SHIV.D.191,859 is a TF
virus identified from an acutely infected Ugandan woman
in 2008. The isolated clade D HIV-1 virus is CCR5-tropic,
with the ability to replicate in both CD4+T cells and
macrophages [27]. SHIV.D.191,859 encodes this HIV-1
Env within a SIVmac766 backbone, with the substitu-
tion of a bulky, hydrophobic residue at Env position 375,
part of the CD4 binding domain, to enhance binding to
rhesus CD4 molecules and replication in RM cells [28].
SHIV.D.191,859 recapitulates many features of HIV-1
pathogenesis, including mucosal and intravenous trans-
mission, consistent viral kinetics, and CD4 depletion
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over time [25, 28]. Historically, infection with clade D
HIV is associated with more severe neuropathogenesis
and higher prevalence of HIV-associated neurocognitive
decline than clades B, C and A, all of which have pub-
lished information on their relationship to HIV-associ-
ated neurocognitive disorders [29, 30]. The desirable viral
kinetics and macrophage tropism of this SHIV, and the
reported neuropathogenesis of clade D HIV-1 [26, 27],
provide unique opportunities for TF SHIV.D.191,859 as a
neuropathogenic NHP model.

Previous research evaluated SHIV.D.191,859 for its
potential to model HIV-1 for latency in the periphery
[31]. Six RMs were infected with SHIV.D, treated with
suppressive ART (tenofovir DF, emtricitabine, dolute-
gravir) for 24 weeks, and subjected to analytical treat-
ment interruption (ATI) [31]. Quantification of cellular
viral RNA (caRNA) and cell-associated proviral DNA
(caDNA) from PBMCs during chronic infection and at
several post-ART timepoints revealed stable levels of
caDNA pre- and post-ART, as well as caRNA, rebound to
pre-ART levels after ATI [31]. CD4+T cell quantification
revealed depletion in unsuppressed animals [31]. In com-
parison to SIVmac239 infection of RMs, the lower levels
of viremia during peak and early infection characteristic
of SHIV.D infection better models HIV-1 in humans [31].
The vast majority of SHIV.D-infected RMs achieved viral
suppression with ART in two to four weeks [31]. This is
advantageous over chronic SIVmac239 infection, which
often takes many months to achieve suppression on ART
[31]. Importantly, SHIV.D maintains CCR5 tropism,
which is associated with the progression of AIDS-like
disease in RMs [31, 32]. Here, we investigated the effects
of TF SHIV.D.191,859 infection in the brain of RMs.

Results

SHIV.D infection in rhesus macaques Six female RMs
were infected with SHIV.D intravaginally or intravenously
as previously described (Supplemental Table 1) [31]. A
viral set point of >10° viral copies/mL (c/mL) was estab-
lished for at least 24 weeks. ART (daily, subcutaneous
emtricitabine, tenofovir disoproxil fumarate, and dolute-
gravir) was administered for 24 weeks, followed by ATL
Two RMs (FR55, GA67) were restarted on ART follow-
ing ATI. Based on the ART status, immunopathogenesis,
and viremia, the RMs were divided into three groups:
(1) progression (n=2), where RMs experienced plasma
viremia>10° ¢/mL and were euthanized for clinical dete-
rioration, (2) off ART (n=2), where RMs underwent nec-
ropsy off ART without overt signs or symptoms of simian
acquired immunodeficiency syndrome (AIDS), and (3) on
ART (n=2), where both RMs were necropsied on ART
with suppressed viremia without signs or symptoms of
simian AIDS. CNS and peripheral pathological findings at
necropsy were recorded and scored. Three RMs had nota-
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ble CNS pathological findings at the time of necropsy.
EJ94 (progression) exhibited vacuolar degeneration and
vacuolar lesions in the occipital lobe. FE43 (off ART) had
small inflammatory foci in the occipital lobe, subcortical
white matter, and meninges. FT42 (oftf ART) had perivas-
cular inflammation in the frontal cortex, temporal lobe,
and thalamus (Supplemental Table 1).

SHIV.D infection is associated with inflammatory
myeloid cells in the CNS To characterize the degree
of inflammation in the brain of the SHIV.D infected
RMs, occipital, temporal, and frontal cortex sections
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were immunostained with antibodies against CD68 for
resident tissue macrophages, MAC387 for recently infil-
trated monocyte-derived macrophages, and CD3 for
T lymphocytes and expression of each was quantified
(Fig. 1A). Inflammatory lesions containing CD68+and
MAC387 +cells were seen in RMs from the progression
group, and an accumulation of CD68+macrophages
was found in the off-ART group. Vacuolar lesions con-
taining CD68+macrophages and multinucleated giant
cells were observed in Progression RM. Infiltration of
MAC387+monocyte-derived macrophages continued in
the animals in the on-ART group. However, small inflam-
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Fig. 1 Quantitative immunohistochemistry of immune cell markers in TF SHIV.D RM brain tissue. Immunohistochemistry (IHC) staining of CD68+,
MAC387+, and CD3 +cells in brain tissue of progression, off-ART, and ART suppressed RMs (A). Representative images from occipital, temporal, and fron-
tal lobes at 10X magnification are shown. Scale bar =200 um. Target cells were quantified using Keyence BZ-X700 Microscope and accompanying Batch
Analysis Software to determine the average number of IHC stained cells from 10 nonoverlapping 20X images per brain section of each RM (B). 20X frame
area=2393,880 um?>. Box and whisker plots are presented as mean values of counts +quartiles, with whiskers representing the range
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matory foci and perivascular inflammation persisted in
the CNS of off-ART and on-ART RMs, including FT42,
a spontaneous controller of plasma viremia. The highest
levels of all quantified immune cell markers were found
in the progression group (Fig. 1B). The mean number of
CD68+cells in the progression group was 46.6 (DE33) and
230.6 cells/mm? (EJ94); in the off-ART group, 65.4 (FE43)
and 31.1 cells/mm? (FT42) and in the on-ART group,
39.7 (FR55) and 19.6 cells/mm? (GA67). The mean num-
ber of MAC387 +cells in the progression group was 5.33
(DE33) and 13.3 cells/mm? (EJ94). In the off-ART group,
there were 1.52 (FE43) and 3.13 MAC387+cells/mm?
(FT42), and in the on-ART group, 1.27 (FR55) and 1.02
MAC387+cells/mm? (GA67). The mean number of
CD3+T cells in the progression group was 44.7 (DE33)
and 50.9 cells/mm? (EJ94). In the off-ART group, there
were 5.60 (FE43) and 4.31 CD3+cells/mm* (FT42). In
the on-ART group, the mean was 31.0 (FR55) and 33.3
CD3+cells/mm? (GA67).

Viral RNA and DNA persist in the CNS after 6 months
ART Viral DNA and RNAscope, a highly specific and
sensitive next generation in situ hybridization (ISH) tech-
nique, was performed on FFPE occipital, temporal, and
frontal cortex sections and quantified (Fig. 2). RNAscope
and DNAscope can detect single virions and transcripts,
and resulting RNA- and DNA-positive signal can be used
to quantify viral nucleic acids and differentiate between
active viral replication and low-level viral RNA transcrip-
tion [33]. Punctate, nuclear RNA signal represents viral
particles or low-level transcription of viral RNA, while
large areas of high intensity signal amplification represent
active viral replication [33]. Using RNAscope, high levels
of viral RNA were found in animals in the progression
group, with some localizing to vacuolar lesions. Lower
levels of viral RNA persisted in the CNS in animals from
the oft-ART and on-ART cohorts. Using a probe target-
ing the sense strand of SHIV.D DNA, proviral DNA was
detected inside the nuclei of cells in all three treatment
groups (Fig. 2). Both replicating SHIV.D RNA and proviral
DNA were found in the CNS of RM GA67 after 6 months
of ART suppression. The mean SHIV.D RNA positive sig-
nal area in the progression group was 2.13 and 2368.7 um?
for DE33 and EJ94, respectively. In the oft-ART group, the
mean area of RNA positive signal was 3.20 (FE43) and
33.3 um? (FT42). In the on-ART group, the mean area of
the SIV RNA positive signal was 12.6 (FR55) and 21.3 um?
(GA67). The mean number of SHIV.D DNA +nuclei in the
progression group was 1.95 (DE33) and 13.7 cells/mm?
(EJ94). In the off-ART group, the mean number of SHIV.D
DNA +cells was 1.35 (FE43) and 1.27 cells/mm? (FT42).
In the on-ART group, the number of viral DNA +cells was
2.37 (FR55) and 0.846 cells/mm? (GA67).

Page 4 of 10

SHIV.D replicates in myeloid cells during ART sup-
pression Dual target IHC/RNAscope co-staining was
performed on occipital and temporal cortex sections
(Fig. 3). Colocalization between IBA1+ (brown) microg-
lia and macrophages and SHIV.D RNA (red) was frequent
and present in all three treatment groups, including RM
GAG67 after 6 months ART suppression (Fig. 3). In Progres-
sion RM (Fig. 3A), syncytia and clusters of microglial cells
and SHIV.D+RNA were observed at the site of vacuolar
lesions. Colocalization between CD3+ T cells and SHIV.D
RNA was not prevalent (Supplemental Fig. 3). This dem-
onstrates persistent SHIV.D viral replication inside CNS
myeloid cells in the CNS during ART suppression.

Discussion

A NHP model of HIV persistence in the CNS is criti-
cal to elucidate viral reservoir dynamics and studying
viral pathogenesis and persistence in the brain. Because
human brain samples are scarce and available only in
rare clinical scenarios requiring biopsy or postmortem,
NHP models are crucial to studying the progression
of HIV-associated disease in the CNS. Most SIV/NHP
models are associated with rapid progression of disease
and onset of SIV encephalitis [6, 34]. Early SHIV/NHP
models with less overt encephalitis failed to consistently
maintain CD4 and CCR5 tropism, limiting their biologi-
cal relevance in the CNS [25, 28, 35]. A body of work now
demonstrates the relevance of SHIVs encoding TF HIV-1
envs, as they mirror viral kinetics, lymphoid pathogen-
esis, and induction of authentic HIV-specific adaptive
immune responses [12, 28, 35, 36]. Previous research
determined that TF SHIV.D.191,859, specifically, reca-
pitulates additional components of HIV-1 infection,
including ongoing viremia without frequent spontaneous
control, and rapid suppression of viremia with ART with
viral persistence in the periphery and lymphoid reser-
voirs [31]. Here, we demonstrate that TF SHIV.D actively
replicates in the brain, causes neuropathogenesis, and
persists in the CNS through antiretroviral therapy in rhe-
sus macaques.

Using RNAscope in situ hybridization, we demon-
strate that SHIV.D replicates in the CNS during viremia,
but also at low levels during ATI and ART suppression.
Large, high-intensity areas of RNAscope signal indicat-
ing active viral replication were identified in RM in all
three treatment groups [33]. Though SHIV.D is dual-
tropic and known to efficiently infect CD4+T cells in
vitro and systemically [25, 28], we found replicating
virus predominantly in myeloid cells in the CNS. This is
consistent with CNS HIV-1 infection in humans, where
macrophages, microglia, and monocytes are the primary
infected cell types in the brain [20, 24, 37—41]. Addition-
ally, TF SHIV.D replication persists at low levels in the
CNS despite undetectable plasma viremia. This emulates
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Fig. 2 Quantitative viral RNA and DNA in situ hybridization in TF SHIV.D RM brain tissue. RNAscope (left) and DNAscope (right) in situ hybridization (ISH) of
replicating viral RNA and proviral DNA in brain tissue of progression, off-ART, and ART suppressed RM (A). Representative images from occipital, temporal,
and frontal lobes are shown at 10X (RNA) and 20X (DNA) magnification. Inserts=40X magnification. Scale bar =200 um. The area of SHIV.D RNA positive
signal (um?) or the number of nuclei containing proviral DNA/mm? were quantified using Keyence BZ-X700 Microscope and accompanying Batch Analy-
sis Software to determine the average area of positive signal (RNA) or the mean number of SHIV.D DNA-containing nuclei (DNA) from 10 nonoverlapping
20X images per brain section of each RM (B). 20X frame area= 393,880 um?®. Box and whisker plots are presented as mean values of counts +quartiles,

with whiskers representing the range

HIV-1 CNS pathogenesis in humans, potentially due to
the inefficacy of ART drugs crossing the blood-brain
barrier [42-44], and solidifies the need for robust CNS
persistence research with a biologically relevant animal
model.

Using DNAscope, we found proviral SHIV.D DNA in
multiple brain regions in animals both on and off ART.
Previous SHIVs and SIV/RM model systems have been
unable to replicate continuous CCR5 tropism in RMs,
limiting infection and pathogenesis in the brain [12, 25,

31, 32, 35, 45]. This further validates the potential for use
of TF SHIV.D in latency and curative research in the CNS
reservoir.

Using immunohistochemistry, we found myeloid-
mediated inflammation, inflammatory foci, and vacuolar
lesions and degeneration in the CNS of TF SHIV.D pro-
gression animals. Multinucleated giant cells and clusters
of microglial cells at the site of lesions were also observed
in some RM. Interestingly, lower levels of inflamma-
tion persisted in the off-ART RMs and ART-suppressed
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Fig. 3 TF SHIV.D replicates and persists in myeloid cells. Dual RNAscope ISH (red) and IBAT IHC (brown) reveal RNA/IBA1+microglia/macrophage co-
localization (arrows) in viremic RM EJ94 (A) and at low levels during ATl in off ART RM FE43 and FT42 (B) and ART suppression in on-ART RM GA67 and

FR55 (C). Representative images are 40X magnification. Scale bar =200 um

RMs even in the absence of viral RNA or DNA. Further
research to investigate potential mechanisms of persis-
tent inflammation not localized in areas of high levels of
SHIV.D replication is in progress.

This study has several limitations. The sample size
(n=6, 2 per group) was small, which hindered statistical
analyses. However, additional studies using this animal

model to examine CNS pathogenesis are underway. The
CNS samples were from a small retrospective study
of banked brain tissues. Since we have demonstrated
that TF SHIV.D is a biologically relevant model for HIV
pathogenesis in the CNS, additional studies with larger
RM cohorts are underway. Secondly, the number of avail-
able archived tissue samples was limited, and no fresh
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frozen brain tissue was available. Finally, cerebrospinal
fluid (CSF) samples were not obtained in these animals,
so no CSF viral loads could be obtained. CSF viral load
levels would have been of particular interest for RM
FT42, which spontaneously controlled plasma viremia,
but which nonetheless maintained CNS viral replica-
tion. In ongoing studies, larger cohorts of RMs infected
with TF SHIV.D virus will elucidate viral kinetics, res-
ervoir dynamics, and mechanisms of persistent patho-
genesis in the CNS. This research demonstrates that the
TF SHIV.D/RM model is valuable for investigating the
dynamics of HIV neuropathogenesis and persistence in
the CNS reservoir.

Methods

Non-human primates Archived tissue samples from
6 female rhesus macaques (RMs) were obtained from
collaborators at the Tulane National Primate Research
Center (TNPRC) and the University of Pennsylvania and
described previously [31]. In the study from which RMs
were retrospectively studied, the protocol was for animals
to be challenged intravaginally, then if not productively
infected after 4 attempts, to be challenged intravenously.
Thus, RMs from the same protocol were infected vaginally
(4) and intravenously (2). As described [28], plasma viral
kinetics and reservoir dynamics were similar despite the
challenge route. RMs were maintained at TNPRC accord-
ing to the Association for Assessment and Accreditation
of Laboratory Animal Care standards. All experiments
were approved by the Tulane Animal Care and Use Com-
mittee. All macaques were negative for SIV controller
alleles Mamu-A*01, B*08, and B*17 with the exception of
DE33, which was A*01 positive [31]. Following perfusion
and formalin fixation at necropsy, brain cortex lobes were
isolated and embedded in paraffin blocks.

Immunohistochemistry Formalin-fixed paraffin-
embedded (FFPE) tissue blocks of the occipital, temporal,
and frontal lobes were obtained from Tulane National Pri-
mate Research Center (TNRPC). Tissue blocks were cut to
5 microns and placed on charged slides. Slides were depa-
raffinized in xylene for 2x 10 min and rehydrated using an
ethanol gradient for 10 min in each concentration (100%,
90%, 70%). Antigen retrieval was performed by heating
slides in Antigen Unmasking Solution, citrate buffer (Vec-
tor) diluted in water at 92 °C for 20 min, then cooled to
room temperature (RT) for 20 min. Following heat pre-
treatment antigen retrieval, sections were washed in water
(5 min), then PBST (0.05% Tween 20) for 5 min. Sections
were then incubated with Bloxall Endogenous Peroxidase
and Alkaline Phosphatase Blocking Solution (Vector) for
10 min in a humidity chamber at RT. After 2x5 min PBST
wash, sections were incubated with Protein Block, serum-
free (Dako) for 30 min at RT. Primary antibodies were
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diluted in antibody diluent (Dako) and incubated at 4 °C
overnight (Supplemental Table 2). After 2x5 min PBST
washes, sections were incubated with appropriate HRP
conjugated secondary antibody (Dako) for 30 min in dark
at RT (Supplemental Table 2). After 2x5 min PBST wash,
antigens were detected by DAB chromogen develop-
ment (1 drop DAB chromogen per 1mL DAB+substrate
buffer (Dako)) and counterstained with hematoxylin for
30 s. Sections were dehydrated using an ethanol gradient
for 2x2 min each concentration (70%, 90%, 100%) and
2%5 min xylene. Coverslips were mounted using perma-
nent mounting media. Slides were imaged using Keyence
BZ-X700 microscope and positively stained cell counts
were quantified using accompanying Batch Analysis Soft-
ware. Cell count was quantified using Batch Analysis Soft-
ware and averaged from 10 nonoverlapping 20X images
per brain section of each RM (Fig. 1). Total average values
for each cell type in each RM were calculated by taking the
arithmetic mean from all representative images from all
three brain sections studied (10 per brain region).

In situ hybridization SHIV.D RNA and DNA were visu-
alized using RNAscope and DNAscope in situ hybridiza-
tion according to the specifications of the manufacturer
(ACD Bio). The probe utilized for RNAscope (ACD) was
a SIVmac anti-sense RNA probe. RNAscope probes do
not bind to double-stranded DNA and only bind to sin-
gle-stranded anti-sense RNA. Formalin-fixed paraffin-
embedded (FFPE) tissue blocks of the occipital, temporal,
and frontal lobes were obtained from Tulane National Pri-
mate Research Center (TNRPC). Tissue blocks were cut to
5 microns and placed on charged slides. Slides were depa-
raffinized in xylene for 10 min, washed 2x2 min in 100%
ethanol, and air dried. Sections were boiled for 15 min in
1X Target Retrieval solution (ACD Bio) and removed to
water. Tissue sections were treated with hydrogen perox-
ide for 10 min at RT, then protease for 30 min in a humid-
ity chamber at 40 °C. Custom probes targeting SHIV.D
RNA and DNA (sense strand) were designed with ACD
Bio. RNA and DNA probes were hybridized for 2 h in a
humidity chamber at 40 °C. RNA and DNA were detected
by amplification and chromogenic development using
RNAscope 2.5 High Definition — Red Assay kit (ACD
Bio). Tissue sections were counterstained with hematoxy-
lin for 30 s, washed in water, then dried in a 60° dry oven
for 15 min. Slides were cleaned with xylene and coverslips
were mounted using permanent mounting media. Slides
were imaged using Keyence BZ-X700 microscope and
the RNA area was quantified using accompanying Batch
Analysis Software. The area of positive signal (RNA) or
the number of nuclei containing positive signal (DNA)
was quantified using Batch Analysis Software and aver-
aged from 10 nonoverlapping 20X images per brain sec-
tion of each RM (Fig. 2). Total average values for each
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nucleic acid in each RM were calculated by taking the
arithmetic mean from all representative images from all
three brain sections studied (10 per brain region).

Dual target IHC/ISH FFPE brain tissue section slides
were deparaffinized in xylene for 2x10 min, rehydrated
using an ethanol gradient for 2x2 min in each concen-
tration (100%, 90%, 70%), then washed in water. Anti-
gen retrieval was performed by heating slides in Antigen
Unmasking Solution, citrate buffer (Vector) diluted in
water at 92 °C for 20 min, then cooled to room tempera-
ture (RT) for 20 min. Following heat pre-treatment anti-
gen retrieval, sections were washed in water (5 min), then
PBST (0.05% Tween 20) for 5 min. Sections were then
incubated with Bloxall Endogenous Peroxidase and Alka-
line Phosphatase Blocking Solution (Vector) for 10 min
in a humidity chamber at RT. After 2x5 min wash with
1X RNAscope Wash Buffer (ACD Bio), RNA probes were
hybridized for 2 h in humidity chamber at 40 °C. RNA
amplification was performed using RNAscope 2.5 High
Definition — Red Assay kit (ACD Bio) according to the
specifications of the manufacturer. After 2x5 min PBST
wash, sections were incubated with Protein Block, serum-
free (Dako) for 30 min at RT. Primary antibodies were
diluted in Antibody diluent (Dako) at 4 °C overnight.
After 3x10 min PBST wash, sections were incubated with
appropriate HRP conjugated secondary antibody (Dako)
for 30 min in dark at RT. After 2x5 min PBST wash, anti-
gens were detected by DAB chromogen development (1
drop DAB chromogen per 1mL DAB+substrate buffer
[Dako]) and counterstained with hematoxylin for 30 s.
Slides were washed in water and dried in 60 °C dry oven
for 15 min. Slides were cleaned with xylene and coverslips
were mounted using permanent mounting media. Slides
were imaged using Keyence BZ-X700 microscope.

Analyses All graphs were generated using GraphPad
Prism 8.2 software.
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