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Abstract

Objective(s): Despite antiretroviral therapy (ART), there is an unmet need for therapies to
mitigate immune activation in HIV infection. The goal of this study is to determine whether the
apoA-I mimetics 6F and 4F attenuate macrophage activation in chronic HIV.

Design: Preclinical assessment of the /n vivo impact of Tg6F and the ex vivo impact of apoA-I
mimetics on biomarkers of immune activation and gut barrier dysfunction in treated HIV.
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Methods: We used two humanized murine models of HIV infection to determine the impact of
oral Tg6F with ART (HIV*ART*Tg6F*) on innate immune activation (plasma human sCD14,
sCD163) and gut barrier dysfunction [murine 1-FABP, endotoxin (LPS), LPS binding protein
(LBP), murine sCD14]. We also used gut explants from 10 uninfected and 10 HIV infected men
on potent ART and no morbidity, to determine the impact of ex vivo treatment with 4F for 72
hours on secretion of sSCD14, sCD163 and I-FABP from gut explants.

Results: When compared to mice treated with ART alone (HIV*ART™), HIV*ART*Tg6F* mice
attenuated (i) macrophage activation (h-sCD14, h-sCD163), (ii) gut barrier dysfunction (m-1FABP,
LPS, LBP and m-sCD14), iii) plasma and gut tissue oxidized lipoproteins. The results were
consistent with independent mouse models and ART regimens. Both 4F and 6F attenuated
shedding of I-FABP and sCD14 from gut explants from HIV infected and uninfected participants.

Conclusions: Given that gut barrier dysfunction and macrophage activation are contributors to
comorbidities like cardiovascular disease in HIV, apoA-1 mimetics should be tested as therapy for
morbidity in chronic treated HIV.

words
ApoA-I mimetic peptides; immune activation; chronic treated HIV

INTRODUCTION

Despite antiretroviral therapy (ART), chronic treated HIV is a state of inflammation and
immune activation driven by impaired gut integrity in which alterations in microbiome,
endotoxin (LPS), oxidized lipids, gut monocytes/macrophages (M/M) and enterocytes are
associated with immune activationl]. Innate immunity biomarkers including I1L-6, soluble
CD14 (sCD14) and sCD163 and biomarkers of gut barrier dysfunction including intestinal
fatty acid binding protein (I-FABP), are predictors of morbidity in chronic treated HIV/[1-3l.
M/M rather than T cell activation is considered a more clinically relevant predictor of
morbidity in chronic treated HIVI2-3]. Pending results from clinical trials, it is unclear
whether statins can be used as prevention for development of comorbidities like
atherosclerotic cardiovascular disease (CVD) in HIVI4. Thus, there is an enormous unmet
need for novel therapeutic strategies in chronic treated HIV.

Apolipoprotein A-1 (apoA-1) mimetic peptides bind bioactive lipids with higher affinity than
apoA-I and have emerged as a new class of therapeutic molecules for treating inflammatory
diseases 151, One of these peptides named 6F that is expressed as a transgene in tomatoes,
when concentrated (Tg6F) and administered orally, attenuates several inflammatory diseases
including cancer, cardiovascular and inflammatory bowel disease in micel8-91. Tg6F is not
taken up systemically, works primarily in the gut and inhibita gut inflammation and M/M
activation[®=9]. Tg6F is not yet available in the clinic and preclinical studies need to validate
its impact on inflammation in HIV. Another apoA-I mimetic peptide called 4F can also
attenuate gut inflammation in murine models of gut inflammation when given orally[®l and
has been shown to be safe in humans when given orally[1%] or parenterally[!1]. We have
previously shown that 4F improved ex vivo antioxidant/anti-inflammatory activities of HDL
from HIV-1 infected individuals with suppressed viremia on potent ARTI2]. In this report,
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we tested whether the apoA-I mimetic peptides Tg6F and 4F may attenuate M/M activation
in chronic treated HIV.

Macaque models have limitations (i.e., cost)[13]. HIV transgenic rats do not recapitulate
actual HIV infection!®4]. The humanized mouse termed the Bone Marrow/ Liver/ Thymus
mouse (BLT) offers human stem cell reconstitution in all tissues including the gut, can
sustain HIV infection and functional human immune responses (e.g. M/M function) can be
studied([!> 161, However, although humanized mice have adequate reconstitution of human
cells in gut tissuel> 16l and have been used to study gut barrier dysfunction in HIVI7] most
mice develop graft versus host disease (GVHD) that may impact the gut and complex effects
of HIV, ART and GVHD on immune cells may not be easily dissected. Chronic infection in
the setting of oral potent ART can be maintained in the GVHD-resistant C57BL/6
recombination activating gene 2 (Rag2)ycCD47 triple knockout (TKO)-BLT mouse over
extended periods!18-201. The TKO BLT mouse model has adequate reconstitution of human
cells in tissues including the gut18-201. Thus, given the limitations of humanized mouse
models[5-20] and that Tg6F is not yet available for clinical trial, we used independent
mouse models (NSG and TKO BLT mice) to test the effect of Tg6F in chronic treated HIV.
Finally, we validated in human gut explants from HIV infected participants whether 4F, that
has been tested in humans[1: 111 and can be translated for clinical use in HIV, attenuates ex
vivo shedding of biomarkers such as sCD163, sCD14 and I-FABP by gut explants.

We demonstrate for the first time that Tg6F reduces biomarkers of macrophage activation
(sCD14, sCD163), gut barrier dysfunction (m-IFABP, m-sCD14) and plasma and gut tissue
oxidized lipoproteins in mouse models of treated HIV. 4F and 6F also attenuated shedding of
sCD163, sCD14 and I-FABP by gut explants from HIV infected participants. Our data, for
the first time, provide proof of concept that therapeutic targeting of oxidized lipoproteins,
microbial products and gut barrier dysfunction, may improve immune activation that drive
morbidity in chronic treated HIV.

METHODS

Materials

Mice

Details are described in Supplemental Material.

Transgenic tomatoes expressing the 6F peptide or control empty vehicle (EV) tomatoes were
grown and freeze-dried as described previouslyl8]. D-4F and 6F peptides were synthesized
as previously[®l. All other materials were purchased from commercially available sources.

TKO or NSG BLT mice were all generated, bred, and maintained as described[1% 211 All
animal protocols were carried out in accordance with all federal, state, and local approved
guidelines. A total of 5 (2 TKO and 3 NSG) independent cohorts of mice (each constructed
from the same donor tissues) were used in this study for various experiments and were
pooled for comparing mice that were uninfected (Group A: HIV-), infected and on potent
ART (group B: HIV*, antivirals) and infected on potent ART and Tg6F (group C: HIV*,
antivirals, Tg6F).

AIDS. Author manuscript; available in PMC 2022 March 15.
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HIV infection

Between 16 and 18 weeks, mice were challenged intraperitoneally with 500 ng p24 of HIV-1
89.6 virus as described previously[5: 161,

ART treatment

TKO C57 BI6 mice were treated with ART consisted of combination medication of
Abacavir/dolutegravir/lamivudine (Triumeq) resuspended in the sweetened water gel
formulation (Medidrop® Sucralose) as previously described[22]. NSG BLT mice were
treated with ART regimen consisting of Tenofovir Disoproxil Fumarate (TDF, 8.75 mg/kg)/
Emtricitabine (FTC, 13 mg/kg)/Raltegravir (RAL, 17.5 mg/kg). See Supplemental Material
for details.

Study participants

HIV-seronegative (n=10) and seropositive (n=10) 50-60 years old participants were
recruited in the Gastroenterology Unit of UCLA. To avoid confounding effects from sex[23],
race, inflammation (other than HIV) on M/M activation, we selected HIV* white men, with
no known clinical disease other than HIV or risk factors for clinical disease (e.g., metabolic
syndrome, diabetes, dyslipidemia, use of lipid lowering medication). Six participants were
on elvitegravir, cobicistat, emtricitabine (FTC), tenofovir alafenamide (TAF) and four
participants were on bictegravir/FTC/TAF. All HIV infected persons had suppressed viremia
(HIV-1 RNA <50 copies/ml), CD4* T cells > 500 cells/mm3, duration of ART therapy
between 3.2—6.5 years and nadir CD4* T cell count > 250 cells/mms3. Ten healthy white men
were also included. All individuals enrolled in the study provided written informed consent
and the study was approved by the local Institutional Review Board.

Gut explants

Biopsy specimens were obtained endoscopically from the rectosigmoid colon and gut
mucosal explants were processed as previously described [24],

ApoA-I mimetics
For studies involving Tg6F, the final diets contained 0.06% of Tg6F extract by weight and
were administered for 12 weeks as previously described [8: 71. Triplicate biopsies were
treated with 4F, 6F or sham peptide at concentration 100 pg/ml for 72 hours as previously
described [°].

Biomarkers of barrier permeability and immune activation

Human biomarkers of immune activation were determined in BLT mouse plasma and
supernatants from human gut explants using the human magnetic Luminex assay kits
according to the manufacturer (R&D). LBP and I-FABP were quantified using ELISA
(R&D). Plasma LPS, sCD14, LBP, IFABP were determined in mice as biomarkers of
intestinal barrier function as previously described[7],

AIDS. Author manuscript; available in PMC 2022 March 15.
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Determination of oxidized lipoproteins

Statistics

RESULTS

Plasma and gut tissue levels of oxidized HDL and LDL were determined by ELISA
(MyBiosource). Oxidized HDL was also determined using a fluorometric biochemical assay
that measures HDL lipid peroxidation (HDLox)[2].

Pvalues less than 0.05 by Kruskal-Wallis or Mann-Whitney were considered significant. For
all correlations, Spearman’s correlation coefficient was calculated. All analyses were
performed with Graphpad, version 7.0.

Independent ART regimens have similar impact on viral load and human immune cells in
BLT models of HIV.

Cellular immune responses in BLT mice infected with HIV closely mirror those in humans,
making it a good model to study HIV immune pathology /7 vivol4-16, We generated two
independent (TKO and NSG) BLT models (Figure 1 A, B) of humanized mice with identical
functional human M/M18:18 (for representative flow plots of human immune cells, see
Supplemental Figure 1; supplemental material available online with this article) and mock-
infected or infected with HIV-1 (HIV*). We tested two independent contemporary ART
regimens and observed that both similarly suppressed plasma viremia and altered h-CD4: h-
CD8 T cell ratio, in both BLT models (Supplemental Figure 2 A-D).

Chronic treated HIV infection increased innate immune activation in BLT models of treated

HIV.

Using a sensitive Luminex immunoassay platform, we determined whether the BLT mice
can be used as model to study /n vivothe impact of Tg6F on increase in plasma sCD14 and
sCD163 in chronic treated HIV [1=3]. Given that variable engraftment of human M/M and
cellular activation determine plasma levels of h-sCD14 and h-sCD163 and to better compare
results among mice, we determined changes in h-sCD14 and h-sCD163 among mice groups
over 16 weeks of potent ART and within the same mice over 30 days on potent ART. HIV
*ART* mice infected over 16 weeks had increased h-sCD14 (Figure 1C) and h-sCD163
(Figure 1D) compared to HIVV- NSG BLT mice. Within the same mouse cohort, ART did not
impact sCD14 and h-sCD163 over 30 days in both NSG (Supplemental Figure 3A, B) and
TKO BLT mice (Supplemental Figure 3C, D). We also used the BLT mice to study gut
barrier dysfunction as instigator of M/M activation in chronic treated HIVI2-3], Plasma
biomarkers of gut barrier dysfunction (m-sCD14, LPS) but not LPS binding protein (LBP)
and m-IFABP, were increased in both NSG and TKO BLT HIV*ART" mice compared to
HIV- mice (Figure 2A-H).

Tg6F does not attenuate HIV-1 viral replication in BLT model of HIV.

We hypothesized that an oral intervention like apoA-I mimetic peptides that attenuate
inflammatory phenotype of M/M[28] and directly bind microbial products like LPS and
bioactive lipids[® 27 28] that interact with gut M/M and activate them, may attenuate
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inflammation and M/M activation in chronic treated HIV. To test our hypothesis, we
cotreated HIV*ART" NSG BLT mice fed chow diet with 0.06% Tg6F (wt/wt) with systemic
ART for 10 weeks. To ensure that the effectiveness of Tg6F was due to the presence of 6F,
which is not present in EVI6: 8 the uninfected (HIV") and HIV*ART* mice were all fed the
chow diet that contained control transgenic tomato concentrate (EV) at the same dose as
Tg6F (0.06% by weight). Given prior data that apoA-I and its amphipathic helix peptide
analogues inhibit HIV-1-induced syncytium formation[2%], we first tested whether Tg6F has
direct antiviral effect /n vivo in HIV-1 infected viremic humanized NSG mice.

Tg6F for 2 weeks did not impact plasma viremia in NSG BLT mice (Supplemental Figure
2A). Given that apoA-I mimetics may be a valuable therapeutic intervention to improve gut
dysfunction and immune activation in the setting of potent ART and suppressed viremia, we
also started Tg6F treatment in TKO BLT mice after the viremia was suppressed by ART,
which was four weeks after the start of the experiment.

Tg6F attenuates M/M activation in BLT models of HIV.

Tg6F therapy for up to 14 weeks in NSG BLT mice attenuated sCD14 (Figure 1C) and
sCD163 (Figure 1D) in HIV*ART* Tg6F* compared to HIV*ART*EV' mice. Tg6F
attenuated sCD14 (Supplemental Figure 3A) and sCD163 (Supplemental Figure 3B) in HIV
*ART* Tg6F* NSG BLT compared to HIV*ART*EV* NSG BLT mice as early as 4 weeks
after suppression of plasma viremia. Similar results were seen with TKO BLT mice
(Supplemental Figure 3 C, D). HIV*ART* Tg6F* BLT mice had higher reduction in sCD14
(Ah-sCD14) and sCD163 (Ah-sCD163) over time compared to HIV*ART*EV* BLT mice in
both NSG (Figure 1E, F) and TKO mice (Supplemental Figure 4 A, B).

Tg6F attenuates gut barrier dysfunction in BLT models of HIV.

We next hypothesized that Tg6F attenuates immune activation in treated HIV through
reducing gut barrier dysfunction. Compared to HIV*ART*EV" mice, the HIV*ART*Tg6F*
mice expressed lower levels of plasma m-sCD14, LPS, LBP and m-IFABP in both NSG and
TKO BLT mice (Figure 2A-H). Confirming our prior reports that Tg6F attenuates gut
inflammationl®: 8 9. 301 Tg6F attenuated gut barrier dysfunction in BLT models of chronic
treated HIV.

Tg6F attenuates oxidized lipoproteins as instigators of immune activation in BLT models

of HIV.

Given that IFABP is a cellular lipid chaperone that binds lipids(31 and prior data that
oxidized lipoproteins are associated with immune activation in chronic treated HIV[32. 331,
we hypothesized that alterations in plasma and gut oxidized lipoproteins contribute to
immune activation in chronic treated HIV. We assessed plasma and gut levels of murine
oxidized high- and low-density lipoproteins (HDLox and LDLox) by ELISA or a
fluorometric method (plasma HDLox) (Figure 3A-G). There were no differences in plasma
levels of lipids including HDL-C and LDL-C among all groups in both BLT models
(Supplemental Figure 5A-H). Plasma and gut HDLox and LDLox were increased in HIV
*ART* mice compared to HIV"- mice in both NSG and TKO BLT mice (Figure 3A-G).
Intestinal LDLox was associated with plasma m-, h-sCD14 but not with h-sCD163

AIDS. Author manuscript; available in PMC 2022 March 15.
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(Supplemental Figure 6C, G, K). Gut HDLox was associated with h- sCD163 but not with
m- and h- sCD14 (Supplemental Figure 6A, E, I). These associations were lost in the HIV
*ART*Tg6F* groups (Supplemental Figure 6D, H, J, L) given that Tg6F treatment rescued
all increases in plasma and gut HDLox and LDLox in chronic treated HIV (Figure 3A-G).

4F attenuates ex vivo biomarkers of immune activation and gut injury derived from gut
explants of uninfected and HIV infected ART-treated participants.

Tg6F is not yet available for clinical trial in humans. Given that 4F has been shown to be
safe in humans when given orally[10], we tested whether 4F attenuates ex vivo biomarkers of
immune activation and gut injury derived from colon tissues of uninfected (n=10) and HIV
infected (n=10) ART-treated 50-60 years old white men without clinical morbidity, on
potent ART. Supernatants from gut explants of HIV* participants had higher protein levels
of sCD14, sCD163 and IFABP compared to gut explants of uninfected participants (Figure
4A-F). Unlike treatment with the sham peptide, treatment of gut explants with 4F for 72
hours, attenuated levels of sCD14, sCD163 and I-FABP from gut explants of HIV*
participants. 4F also attenuated levels of I-FABP (Figure 4C) and tended (p=0.08) to reduce
levels of sCD14 (Figure 4A) from gut explants of uninfected participants. Similar data like
4F were observed with 6F (Figure 4D-F). Overall, our complementary BLT mouse and ex
vivo human studies, demonstrated that apoA-I mimetic peptides attenuate oxidized
lipoproteins, intestinal barrier dysfunction and macrophage activation in chronic treated HIV
(Figure 5).

DISCUSSION

Herein, using mouse models of chronic treated HIV/[1® 16.34] and human gut explants, we
demonstrate that apoA-1 mimetics reduced oxidized lipoproteins (HDLox, LDLox) and
biomarkers of intestinal barrier dysfunction (LPS, LBP, I-FABP) and immune activation
(sCD163, sCD14) in chronic treated HIV. Despite the limitations of humanized mouse
models, we demonstrated the capacity of independent BLT mouse models to support HIV
infection, express biomarkers of intestinal barrier dysfunction and M/M activation in the
setting chronic treated HIV and consistently respond to clinically relevant ART. The
component of Tg6F accounting for the beneficial effects on M/M activation is the 6F
peptide, since EVI® 8] had no effect on biomarkers of M/M activation in chronic treated HIV.
Tg6F seem to work exclusively in the gut(6-9]. The safety and pharmacokinetics of oral
apoA-1 mimetic peptides have been tested in humans[1®l and micel6-91. ApoA-I mimetic
peptides seem to achieve higher concentration in the proximal small intestinel®=91. Our data
(Figure 5) support the concept that therapeutic targeting of intestinal barrier dysfunction,
LPS and oxidized lipoproteins, may have a favorable impact on immune activation that can
complement ART to attenuate development of comorbidities like CVD in chronic treated
HIV.

Our robust experimental approach provides important preclinical insight into the therapeutic
impact of apoA-1 mimetics on immune activation in chronic HIV. Given that GVHD is
associated with increased levels of sCD163[3%], we excluded NSG mice with clinical GVHD
and we also included studies with TKO BLT micel18-201_ To ensure that cohort differences
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do not confound interpretation of data, we assessed the impact of Tg6F both cross-
sectionally across different cohorts and longitudinally within the same cohort, in
independent BLT models. While low-level of HIV-1 replication may be seen in the BLT
models, we demonstrated that Tg6F did not have an impact on viral replication and the
impact on biomarkers of immune activation was due to effect of Tg6F on oxidized
lipoproteins. The favorable impact of apoA-I mimetics on M/M activation was also shown in
gut explants from HIV infected participants on potent ART. Gut explants are physiologically
meaningful and do not have the limitations of several other ex vivo gut models(36l. In all
models we consistently found that apoA-I mimetics attenuated release of SCD14 and
sCD163, suggesting a favorable effect on immune activation in chronic treated HIV.

Our data that apoA-I mimetics attenuated oxidized lipoproteins in parallel to M/M
activation, are consistent with prior human studies by us and others that oxidized
lipoproteins, that carry oxidized lipids, are associated with immune dysfunction in chronic
treated HIV/[32. 331, While HDL is generally an anti-inflammatory lipoprotein during
systemic inflammation it can be oxidized (HDLox) and becomes dysfunctionall12. 25. 37, 38],
Oxidized LDL also carries oxidized lipids and like HDLox may also contribute to immune
activation in HIV[32 331 Consistent with this evidence we showed that the associations
between plasma and gut bioactive lipids with biomarkers of gut impairment, immune
activation and inflammation in the HIV*ART*EV* group were attenuated in the HIV*ART
*Tg6F* group with an intervention that directly attenuates oxidized lipoproteins. These
results suggest a causal relationship between increases in immune activation and oxidized
lipoproteins in chronic treated HIV.

We have previously shown that Tg6F attenuates the accumulation of oxidized phospholipids
in the small intestine and inflammation in murine models of disease[3%]. Tg6F decreased
small intestine enterocyte and plasma levels of LBP, CD14, TLR4 and MyD88[39].
Activation of the TLR pathway by LPS is dependent on the co-localization of TLR4 and
CD14 in lipid rafts that permit the activation of downstream signaling that culminate in NF-
xB activation and the synthesis of pro-inflammatory cytokines[#l. Bioactive lipids may also
disrupt epithelial cell tight junctions either directly#1] or through lipid raft disruptionl42 43I
or TNF-a signaling[44. ApoA-I mimetics like 4F also regulate Jin vitro expression of FABPs
(fatty-acid-binding proteins) which act as lipid chaperones in the celll4%]. Thus, Tg6F
through favorable effects on oxidized lipoproteins and LPS may alter epithelial and immune
cells in the lamina propria of the gut. These favorable effects of Tg6F contribute to
attenuation of M/M activation in chronic treated HIV. Notably, in a prior clinical trial of 4F
in humans, 4F was given parenterally and not orally[!1l and did not improve HDL
functionality[*1]. Further work from our group demonstrated that apoA-1 mimetics like 4F
and 6F work primarily in the gut to inhibit gut inflammation and M/M activation8-°, and
oral apoA-1 mimetics demonstrate therapeutic efficacy in several inflammatory diseases
including cancer, cardiovascular and inflammatory bowel diseasel6-91. Providing the same
dose (mg/kg) of Tg6F to humans as was used in these studies with mice would require only
two tablespoons three times daily making this a practical approach for testing Tg6F in the
treatment of inflammation in chronic treated HIVL™,

AIDS. Author manuscript; available in PMC 2022 March 15.
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Our study has several limitations. First, not all aspects of human HIV infection can be
modeled accurately in humanized mice. Most macrophages are of murine origin and
resistant to HIV infection. Unlike humans, most human M/M in the BLT models are not in
the gastrointestinal tract (overall there is low engraftment)[: 16. 341 Humanized mice are
less commonly used to study immune activation due to important immunologic differences
including GVHD and the lack of well-formed secondary lymphoid tissues of human cell
origin. However, we included GVHD-resistant mice and focused on M/M rather than
lymphocyte activation. Second, there are major differences in the microbiome between
mouse and humanl“€] and the humanized mice may not recapitulate the same pathology of
microbial translocation as in HIV-infected individuals; we did not perform detailed
microbiome studies. Third, the gut barrier dysfunction in humanized mice reflects effects
from irradiation, GVHD, HIV and ART. Thus, semiquantitative histologic assessments of
gut barrier integrity were not performed and focused only on clinically relevant measures of
bacterial translocation. As with all /7 vitro model systems, gut explants cannot fully
recapitulate the /n vivo conditions and only examine early effects of signaling. However, ex
vivo addition of 4F in gut explants is the only preclinical approach in humans at this time.
Finally, given the above limitations, we did not assess changes in the functional phenotype
of myeloid cells in circulation or in gut tissue following administration of apoA-I mimetics.
Thus, it is possible that our findings could also be explained by other underlying mechanistic
pathways that were not studied in our preclinical models. A clinical trial is needed to assess
the impact of oral 4F on the microbiome, gut barrier integrity and key signaling pathways
that drive immune activation in chronic treated HIV.

Despite these limitations, our consistent preclinical data support the hypothesis that apoA-I
mimetic peptides can attenuate a cycle of production of bioactive lipids and microbial
products that contribute to immune activation and morbidity in chronic treated HIV. 4F has
been shown to be safe in humans when given orally[1%] or parenterally[*1] and can be
translated to HIV infected persons for a future clinical trial in chronic treated HIV. We offer
evidence of the possible translational value of apoA-I mimetic peptides as therapy for
morbidity in chronic treated HIV, while adding to our understanding of their protective
mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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of AIDS, NIAID, NIH: HIV-1 89.6 Virus from Dr. Ronald Collman.
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Figure 1. Tg6F attenuatesincrease in biomarkers of innate immune activation in humanized

mouse models of chronic treated HIV infection.

TKO C57 and NSG humanized (BLT) mice were constructed, infected and treated with EV,
ART, Tg6F, as in methods. Biomarkers of innate immune activation in chronic treated HIV
(s-CD14, s-CD163) were determined in plasma by Luminex immunoassays. A. Study design
for NSG mice. Three cohorts of GVHD-prone NSG mice (n=52) without signs of clinical
GVHD were pooled. The first group was uninfected without ART, white boxes and
datapoints, HIV- (n=11). The second group was infected and received ART, dark grey boxes
and datapoints, HIV*ART* (n=19). The third group was infected, and received both ART
and Tg6F, blue boxes and datapoints, HIV*ART*Tg6F* (n=22). The uninfected (HIV") and
HIV*ART* mice were all fed with chow diet that contained control transgenic tomato
concentrate (EV) to ensure that the effectiveness of Tg6F is due to the presence of 6F, which
is not present in EV.B. Study design for TKO mice. Two cohorts of GVHD-resistant TKO
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BLT mice (n=38) were pooled. The order, colors, and symbols are the same as for the NSG
BLT mice. The first group was uninfected without ART, HIV" (n=8). The second group was
infected and received ART, HIV*ART™ (n=15). The third group was infected, and received
both ART and Tg6F, HIV*ART*Tg6F" (n=15). To dissect differential effects of Tg6F on
biomarkers in treated HIV, Tg6F was given 8 weeks after infection and 4 weeks after ART
with confirmation of suppressed viremia (by PCR). Data represent box and whiskers with
minimum, median and maximum values of human sCD14 (h-sCD14) (C) and h-sCD163 (D)
in NSG BLT mice (/= 8-22 mice per group). E, F. Impact of Tg6F on changes over time in
sCD14 (E) and sCD163 (F) in NSG BLT mouse model of chronic treated HIV. On day 56
post-infection (4-8 weeks on potent ART) and on day 112 post-infection (8-10 weeks of
potent ART and Tg6F) blood was collected, plasma was prepared and human biomarkers of
monocyte activation (h-sCD14 and h-sCD163) were determined by Luminex immunoassays
as in methods. The change (A or delta) between day 56 and day 112 in h-sCD14 (Ah-sCD14)
(E) and h-sCD163 (Ah-sCD163) (F) were determined for each mouse. The Mann-Whitney
test was used to compare measures cross-sectionally at terminal endpoint and the change (A
or delta) between day 56 and day 112 (Ah-sCD14 and Ah-sCD163) among 2 groups. (*p <
0.05, **p< 0.01, ***p < 0.001).
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Figure 2. Tg6F attenuates microbial translocation and gut barrier dysfunction in independent
humanized mouse models of chronic treated HIV infection.

TKO C57 (n=38) and NSG (n=52) humanized mice were constructed, infected with HI\V
and treated with ART, control transgenic tomato concentrate (EV) or Tg6F as described in
Figure 1. Whole blood from each mouse was collected, plasma was prepared and murine
plasma biomarkers of bacterial translocation and gut barrier dysfunction, that are known
predictors of morbidity in chronic treated HIV, were determined. Lipopolysaccharide (LPS)
was quantified by endpoint chromogenic limulus amoebocyte lysate assay.
Lipopolysaccharide binding protein (LBP) and Intestinal fatty acid-binding protein (I-FABP)
were determined by enzyme-linked immunosorbent assay (ELISA). Murine plasma sCD14
levels were determined by Luminex. Data represent box and whiskers with minimum,
median and maximum values of murine plasma LPS (endotoxin units per milliliter; EU/mL)
(A, B), LBP (ug/ml) (C, D), I-FABP (E, F) and plasma murine sCD14 (pg/ml) (G, H) in
TKO (A, C, E, G) and NSG (B, D, F, H) humanized mice (7= 8-22 mice per group). The
Mann-Whitney test was used to compare 2 groups (*p < 0.05, **p < 0.01, ***p < 0.001).
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Figure 3. Tg6F attenuatesincreasesin plasma and gut oxidized lipoproteinsdriven by HIV
and/or ART in chronictreated HIV infection.

TKO C57 (n=38) and NSG (n=52) humanized mice were constructed, infected with HI\V
and treated with ART, control transgenic tomato concentrate (EV) or Tg6F as described in
Figure 1. Whole blood and small intestine from each mouse were collected, plasma and
tissue homogenates were prepared and murine plasma and gut oxidized lipoproteins
[oxidized High Density Lipoprotein (HDLoXx), oxidized Low Density Lipoprotein (LDLoXx)
were determined in plasma of TKO and NSG BLT mice and homogenate of small intestine
from TKO BLT mice as in methods by ELISA (A, B, D, E-H). HDLox (normalized ratio to
control, no units) was determined in plasma of TKO BLT mice with a fluorometric method
(C) as described in the supplemental material. Data represent box and whiskers with
minimum, median and maximum values (77 = 8-22 mice per group) of plasma HDLox (A-
C), gut HDLox (D), plasma LDLox (E, F) and gut LDLox (G) in NSG (A, E) and TKO (B,
C, D, F, G, H). The Mann-Whitney test was used to compare 2 groups (*p < 0.05, **p <
0.01, ***p < 0.001).
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Figure 4. ApoA-lI mimetic peptides attenuates ex vivo biomarker s of immune activation and gut
injury derived from gut explants of uninfected and HIV infected ART-treated participants.

Gut biopsies were obtained from uninfected (n=10) and HIV infected participants on potent
ART (n=10) and gut explants were treated with 4F or 6F apoA-1 mimetic peptides or sham
peptide at concentration 100 pg/ml for 72 hours as in methods. Supernatants were collected
and protein levels of secreted sSCD14, sCD163 were determined in supernatants by Luminex
immunoassays. I-FABP was determined by ELISA. The first group included gut explants
from uninfected participants treated with sham peptide, white boxes and datapoints, HIV-
(n=10). The second group included gut explants from uninfected participants treated with 4F
(A-C) or 6F (D-F), light grey boxes and datapoints, HIV- (n=10). The third group included
gut explants from HIV infected participants who received ART; these explants were treated
with sham peptide, dark grey boxes and datapoints, HIV*ART* (n=10). The fourth group
included gut explants from HIV infected participants who received ART; these explants were
treated with 4F (A-C) or 6F (D-F), blue boxes and datapoints, HIV*ART*4F* or HIV*ART
*6F* (n=10). Gut biopsies from the same participants were used for experiments with 4F and
6F. Data represent box and whiskers with minimum, median and maximum values of sCD14
(A, D), sCD163 (B, E) and I-FABP (C, F) (=10 per group). Datapoints represent mean of 3
gut biopsies per participant. The Mann-Whitney test was used to compare 2 groups (*p <
0.05, **p < 0.01, ***p < 0.001).
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Figure5. Overall Hypothesis.
HIV, ART, oxidized lipoproteins (HDLox, LDLox) and microbial products (such as LPS)

collectively drive gut barrier dysfunction (increased circulating I-FABP) and macrophage
activation (increased circulating sCD14, sCD163) in chronic treated HIV. ApoA-I mimetic
peptides such as 4F and Tg6F bind LPS and attenuate formation of oxidized lipoproteins in
the gut, reducing macrophage activation, gut barrier dysfunction and ultimately morbidity in
chronic treated HIV.
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