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Abstract

Background . Up to 20% of people with HIV (PWH) who undergo virologically suppressed antiretroviral therapy
(ART) fail to experience complete immune restoration. We recently reported that plasma anti-CD4 IgG (antiCD4IgG)
autoantibodies from immune non-responders specifically deplete CD4 +T cells via antibody-dependent cytotoxicity.
However, the mechanism of antiCD41gG production remains unclear.

Methods . Blood samples were collected from 16 healthy individuals and 25 PWH on suppressive ART. IgG subclass,
plasma lipopolysaccharide (LPS), and antiCD4IgG levels were measured by ELISA. Gene profiles in B cells were
analyzed by microarray and quantitative PCR. Furthermore, a patient-derived antiCD4lgG-producing B cell line was
generated and stimulated with LPS in vitro. B cell IgG class switch recombination (CSR) was evaluated in response to
LPS in splenic B cells from C57/B6 mice in vitro.

Results .Increased plasma anti-CD4 IgGs in PWH were predominantly IgG1 and associated with increased plasma
LPS levels as well as B cell expression of TLR2, TLR4, and MyD88 mRNA in vivo. Furthermore, LPS stimulation induced
antiCD4IgG production in the antiCD4IgG B cell line in vitro. Finally, LPS promoted CSR in vitro.

Conclusion . Our findings suggest that persistent LPS translocation may promote anti-CD4 autoreactive B cell
activation and antiCD4IgG production in PWH on ART, which may contribute to gradual CD4+T cell depletion. This
study suggests that reversing a compromised mucosal barrier could improve ART outcomes in PWH who fail to
experience complete immune restoration.

Keywords HIV, ART, Anti-CD4 IgG, B cells, Microbial LPS translocation

*Correspondence:
Wei Jiang
jianw@musc.edu

Full list of author information is available at the end of the article

This is a US. Government work and not under copyright protection in the US; foreign copyright protection may apply 2023. Open Access This
article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative

Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article’s Creative
Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecormmons.org/licenses/by/4.0/. The Creative Commons Public Domain
Dedication waiver (httpz//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise
stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-1374-053X
http://crossmark.crossref.org/dialog/?doi=10.1186/s13578-023-01022-6&domain=pdf&date_stamp=2023-4-25

Fu et al. Cell & Bioscience (2023) 13:78

Introduction

Antiretroviral therapy (ART) is an effective treatment
for people with HIV (PWH) that generally results in
viral suppression, increased CD4+T cell counts, and
improved immune function. However, approximately
20% of patients on ART do not achieve complete immune
restoration, exhibiting persistently low CD4+T cell
counts despite long-term viral suppression; these patients
are referred to as immunological non-responders (INRs)
[1-3]. Compared with immune responders (IRs), INRs
have a significantly increased incidence of morbidity and
mortality from AIDS-related and non—AIDS-related dis-
eases [4—6].

Various factors have been implicated in the incom-
plete immune restoration seen in INRs, such as older age,
delayed ART initiation, low nadir and baseline CD4+T
cell counts, impaired bone marrow hematopoietic or thy-
mic function, reduced thymic output, residual viral rep-
lication, abnormal immune activation and inflammation,
and lymphoid tissue fibrosis [7-12]. Recently, several
studies reported the role of autoantibodies in infectious
disease severity [13—15], and autoimmunity is recog-
nized for its pathogenic impact on infectious diseases in
the absence of any clinical autoimmune disease. We pre-
viously showed that anti-CD4 IgG (antiCD4IgG) levels
were significantly increased in INRs compared with both
IRs and healthy volunteers [16]. Furthermore, patient-
derived antiCD4IgG induced antibody-dependent cell-
mediated cytotoxicity (ADCC) resulting in CD4+T cell
apoptosis in vitro [17], suggesting that inappropriate
production of autoreactive IgG results in depletion of
CD4+T cells in INRs. More recently, the effects of anti-
CD4 autoantibodies on CD4+T cell depletion in HIV
were revealed by A Lisco, C-S Wong, SL Lage, I Levy, J
Brophy, ] Lennox, M Manion, MV Anderson, Y Mejia,
C Grivas, et al. [18]. Nevertheless, the driver for antiC-
D4IgG remains unclear.

Table 1 Clinical characteristics of study subjects

HIV- HIV+/an- HIV+/ P value (two
nega- tiCD4low antiCD- HIV + groups)
tive (n=17) 4high
(n=16) (n=8)

Age (years) 45 48 (38-57) 44 (37-59) 0.18
(37-57)

Sex ratio, male: 7:9 12:5 5:3 0.52

female

CD4* T cell counts 568 278 <0.0001

(359-735) (96-348)

Nadir CD4* T cell 294 215 047

counts (157-510) (101-425)

Duration of ART 6.2 5.5 (4-6) 0.56

(years) (4.3-6.9)

ART, antiretroviral therapy; CD4 T cell count (cells/pL)
Data are means (25th percentile, 75th percentile)
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The administration of bacterial lipopolysaccharide
(LPS) can induce autoantibodies and autoimmunity in
animals [19, 20]. Thus, we hypothesize that increased B
cell activation and autoantibody production is mediated
by elevated microbial products in the bloodstream via
the impaired gut mucosal integrity in HIV. Consistently,
plasma LPS remain elevated in INRs compared with
healthy individuals [21]; elevated plasma levels of LPS
and enterobacterial DNA are associated with immune
nonresponse in PWH on ART [22]; plasma levels of
soluble CD14, a marker of microbial translocation, are
higher in PWH on ART than in healthy controls [23]; and
plasma levels of bacterial LPS are significantly higher in
PWH compared with healthy controls and correlate with
a less effective response to ART, as indicated by higher
T cell activation and decreased CD4+T cell counts [24].
However, despite the apparent correlation between mark-
ers of microbial translocation in the bloodstream and the
failure of ART to restore CD4+T cell counts, the mecha-
nism underlying this relationship remains unclear. Thus,
the present study aimed to determine whether the pres-
ence of microbial products in the bloodstream directly
stimulates anti-CD4 autoantibody production by B cells
in PWH who are undergoing ART.

Materials and methods

Human subjects

The study participants included 16 healthy individu-
als and 25 PWH on suppressive ART for at least 2 years.
The inclusion criteria were as follows: (1) men and
women aged 18 or older, (2) able and willing to pro-
vide informed consent, (3) healthy individuals who self-
reported as being HIV-negative, and (4) PWH on ART
with a plasma HIV RNA below the limit of detection
for at least 24 weeks (a single reading above 500 cop-
ies/mL was allowed). The exclusion criteria were as fol-
lows: (1) self-reported pregnancy or breast-feeding, (2)
recent severe illness such as anemia, (3) need for or use
of specific medications (such as antibiotics, systemic
immunomodulatory agents, and supraphysiologic doses
of steroids (>10 mg/day)) during the 120 days before
enrollment, and (4) any other condition that rendered a
person unsuitable for the study or unable to comply with
study requirements, as determined by the lead investiga-
tor. This study was approved by the Medical University
of South Carolina (Pro00020606). All study participants
provided signed informed consent. All PWH had at least
2 years of undetectable plasma HIV-1 RNA. The back-
ground clinical features of the participants are summa-
rized in Table 1. A cutoff value of 50 ng/mL antiCD4IgG
was used to distinguish between high versus low antiC-
D4IgG groups because 95% of the healthy participants
had plasma anti-CD4 IgG levels lower than this value.
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Thus, PWH on ART were stratified into low and high
autoCD4IgG subgroups.

Enzyme-linked immunosorbent assay

Microtiter plates were coated with either 1 pg/100 uL/
well soluble CD4 protein (sCD4, Progenics Tarrytown,
NY) or a 1:20 dilution of the 2013-2014 seasonal influ-
enza antigens at 4 °C overnight. After washing, diluted
plasma was added to each well and allowed to incubate
for 1 h at room temperature. After washing, horseradish
peroxidase—labeled goat anti-human IgG, IgM, IgA (KPL,
Gaithersburg, MD), or IgG1-4 subtypes (Thermo Fisher
Scientific, Waltham, MA) were added to the microtiter
wells and incubated at room temperature with gentle
shaking for 60 min. Next, the 2,2’-Azino-di(3-ethylben-
zthiazoline-6-sulfonate) substrate solution was added to
detect binding. Absorbance was measured at 405 nm. All
measurements were performed in duplicate, and the val-
ues were normalized to a standard curve generated using
the human monoclonal anti-CD4 antibody zanolimumab
(HuMax-CD4; Genmab) (0.05-10 ng/mL).

Quantitative PCR (qPCR) analysis and microarray of mRNA
expression in B cells

B cells were isolated using a negative selection kit (Qia-
gen, Hilden, Germany). The purity of the isolated cells
was always above 96%. TRizol (MRC, UK) was used to
isolate total RNA, and cDNA was synthesized by reverse
transcription using M-MLV reverse transcriptase (Pro-
mega Corporation, Madison, WI, USA) and random
primers. The obtained cDNA was diluted at 1:25 with
water, and 10 pL of the diluted solutions were used as the
template for the amplification step. Parameter-specific
primer sets optimized for the LightCycler (RAS) were
developed by and purchased from Search-LC (Heidel-
berg, Germany); the primer sequences were described
previously [25]. The PCR reaction was performed using a
LightCycler FastStart DNA SYBR Green I kit (RAS), with
conditions specified by the primer manufacturer. The
method of microarray analysis was described in our pre-
vious studies [26]. Briefly, total RNA was extracted from
2x10° B cells using the RNeasy Micro kit (Qiagen), quan-
titated, qualified with Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA), and run with Affyme-
trix GeneChip assays. The Affymetrix Human GeneChip
U133 Plus 2.0 Array (Affymetrix, Santa Clara, CA) was
used for RNA hybridization and labeling according to
the manufacturer’s protocol. The analysis of the scanned
images and signal values for each probe set was obtained
with the GCOS (Affymetrix). R program (3.3.1) was used
for microarray data analysis.
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Measurement of plasma LPS levels

Plasma samples were diluted to 10% in endotoxin-
free water and heated at 80 °C for 10 min to inactivate
inhibitory plasma proteins. The LPS levels in the diluted
plasma samples were then quantified using a Limulus
amebocyte lysate QCL-1000 kit (Lonza), as described
previously [27].

Generation of a patient-derived anti-CD4 IgG-producing B
cell line

PBMCs were obtained from an INR participant who
expressed high levels of anti-CD4 IgG by density gradient
centrifugation of whole heparinized blood. Sorted B cells
were transformed in vitro by culturing in EBV-containing
supernatants collected from the B95-8 cell line (ATCC®
VR-1492™), The transformed B cells were then seeded
at approximately 1000 cells/well in 384-well plates in
complete medium containing 3 mg/mL CpG2006 (Invi-
voGen). After 2 weeks, the culture supernatants were
screened for specific antibody production by ELISA.
Positive cultures were cloned by limiting dilution in the
presence of CpG 2006 and irradiated mononuclear cells.

In vitro B cell stimulation

The patient-derived anti-CD4 B cell line was cultured in
complete RPMI medium, consisting of RPMI-1640 sup-
plemented with 15% fetal bovine serum (FBS, vol/vol),
50 pg/mL penicillin/streptomycin, and 1 mM sodium
pyruvate. LPS (50 ng/mL, E. coli O55:B5, InvivoGen, San
Diego, CA), inactivated Staphylococcus aureus, Pseu-
domonas aeruginosa, cytomegalovirus (10’ CFU/mL),
IL-23, or IL-17 (50 ng/mL) was used to stimulate cells
for 10 days. Cell culture supernatants were collected for
evaluation of cell counts and anti-CD4 IgG production.

B cell class switch DNA recombination (CSR)

B cells were isolated from the spleen of 8- to 10-week-old
unmanipulated C57BL/6] mice using the B Cell Nega-
tive Isolation Kit (STEMCELL Technologies, Cambridge,
MA). B cells were cultured with complete medium and
50 uM of B-mercaptoethanol (Thermo Fisher Scientific)
at 5x10° cells/mL then treated for 96 h with medium,
LPS (3 pg/mL) plus IL-4 (5 ng/mL, Biolegend), IFN-y (50
ng/mL, BioLegend] or TGF-B1 (2 ng/mL, R&D Systems,
Minneapolis, MN). Cells were harvested and stained with
Ghost Dye™ Red 780 (TONBO, San Diego, CA). CSR
was analyzed by the percentages of proliferating IgG3
and IgG2b cells using a BD FACSVerse™ Cell Analyzer
(BD, San Jose, CA) after surface staining with anti-B220
(RA3-6B2), anti-IgG2b (RMG2b-1), anti-IgG3 (R40-
82), anti-CD138 (281-2), and anti-IgM (RMM-1) from
BioLegend.



Fu et al. Cell & Bioscience (2023) 13:78

Statistical analyses

The non-parametric Mann-Whitney test between two
groups and one-way ANOVA with the Kruskal-Wallis
test for more than two groups were used to determine
differences in continuous measurements. Spearman’s
correlation test was used to determine associations. The
data were analyzed using GraphPad Prism software Ver-
sion 8.3.0 (San Diego, CA, USA) and R program (3.3.1);
P<0.05 was considered statistically significant.

Results

Anti-CD4 IgG1 is the predominant subclass in PWH on ART
IgG1 and IgG3 antibodies can induce ADCC, unlike IgG2
and IgG4 [28]. We first investigated anti-CD4 IgM and
IgG subclasses in PWH on ART. To address this, we per-
formed an ELISA of plasma samples from all study par-
ticipants including healthy controls and PWH with high
antiCD4IgG or low antiCD4IgG. As expected, anti-CD4
IgM levels were similar in healthy controls and all PWH
on ART, regardless of respective anti-CD4 IgG levels
(Fig. 1A). In contrast, anti-CD4 IgG1 was the predomi-
nant subclass in PWH on ART with high antiCD4IgG
levels compared to PWH on ART with low antiCD4IgG
levels, while all other subclasses were expressed at similar
levels in all groups (Fig. 1B-D). Correlation analysis indi-
cated a significant relationship between antiCD4IgG and
anti-CD4 IgGl1, as well as, unexpectedly, anti-CD4 IgG3.
These results suggest that anti-CD4 IgG1 may be primar-
ily responsible for the effects of anti-CD4 autoantibodies
observed in PWH on ART.

High levels of antiCD4lgGs are associated with increased
plasma LPS levels and B-cell TLR4 (not TLR2, TLR7, or TLR9)
mRNA expression, and B-cell gene profiles related to
microbial translocation

Our previous study showed the link between plasma
microbial translocation and autoantibody levels in sys-
temic lupus erythematosus (SLE) autoimmune disease
[29]. We speculated that characteristics of B cell gene
expression in PWH on ART who present with high levels
of antiCD4IgGs may reflect gene profiles related to long-
term persistent microbial product translocation in the
bloodstream. Therefore, we assessed B cell gene expres-
sion profiles by analyzing the mRNA expression of TLR
signaling molecules in B cells. We found that PWH on
ART with high plasma antiCD4IgG levels had increased
TLR4 but similar levels of TLR2, MyD88, TLR7, and
TLR9 mRNA expression in B cells compared with PWH
on ART with low plasma antiCD4IgG levels (Fig. 24,
Supplementary Fig. 1A). Intriguingly, PWH on ART with
low plasma antiCD4IgG levels also exhibited elevated
TLR2 expression, but not TLR4 expression, compared
with the healthy controls (Fig. 2A). Furthermore, cor-
relation analysis showed that plasma antiCD4IgG levels
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correlated with IgG1 and IgG3 subclasses, as well as with
levels of TLR2, TLR4, and MyD88 mRNA expression in
B cells (Fig. 2B). B cell gene microarray analysis showed
that several pathways of gene profiles were associated
with microbial translocation, autoimmunity, and oth-
ers in PWH with high versus low antiCD4IgG levels
(Fig. 2C). Taken together, these results suggest that anti-
CD4 autoreactive B cell activation in PWH on ART likely
involves microbial product-mediated signaling pathways
such as TLR4 in vivo.

Plasma LPS, a marker of microbial translocation, stimulates
autoantibody production in an antiCD4IlgG producing B
cell line in vitro.

The elevated TLR2 and TLR4 expression observed in B
cells from the high antiCD4IgG PWH group suggested
innate immune activation via TLR2 and TLR4 in these
patients in response to microbial products (e.g., bacte-
rial LPS). Therefore, we evaluated plasma levels of LPS,
a marker of systemic microbial translocation. Anti-influ-
enza IgG was assessed as a control, as all subjects had
received the seasonal influenza vaccine in the preceding
year. We found that LPS levels increased in the PWH
group with high antiCD4IgG levels versus healthy con-
trols, and marginally increased in the high antiCD4IgG
group versus the low antiCD41gG group (Fig. 3A). There
was a direct correlation between plasma LPS and antiC-
D41gG levels in all subjects tested (Fig. 3A); however, the
correlation was mainly driven by the subjects with high
anti-CD4 IgG levels but not the subjects with low anti-
CD4 IgG levels; furthermore, r=0.37 is a weak correla-
tion (Fig. 3A). This correlation was not detected between
plasma LPS and anti-influenza IgG (Supplementary
Fig. 1B). Given the observed correlation between the
plasma LPS levels and antiCD4IgG levels, we investi-
gated whether a causal relationship existed. To test this,
we generated an antiCD4IgG—-producing B cell line from
one non-responder study participant and stimulated
those cells with LPS, whole inactivated S. aureus, P. aeru-
ginosa, CMV, IL-23, or IL-17 (two cytokines related to
microbe-induced mucosal inflammation) for 10 days in
vitro. Whole bacteria and CMV virus were used as con-
trols. We found that stimulation with IL-17 significantly
increased cell counts at the end of the culturing period,
while stimulation with LPS tended to increase cell counts
but did not achieve statistical significance (Fig. 3B). Fur-
thermore, LPS increased antiCD4IgG production, unlike
any of the other stimuli (Fig. 3C). Taken together, these
findings suggest that elevated IL-17 levels associated with
mucosal inflammation promote B cell proliferation, and
LPS may contribute to autoreactive B cell activation and
production of antiCD4IgG in PWH on ART.
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Fig. 1 Anti-CD4 IgG1 is the predominant subclass in PWH on ART. Plasma levels of anti-CD4 IgM (A), IgG1 (B), IgG2 (C), IgG3 (D), and IgG4 (E) were
assessed by ELISA from healthy controls (n=16), and PWH on ART with high (HIV+/antiCD4Me" n=8) versus low (HIV+/antiCD4"°", n=17) antiCD4lgG
levels. ANOVA tests were used to analyze data. (F) Correlations between antiCD4IgG and subclasses. Spearman correlation tests. *, P <0.05; **, P<0.01;

***x P <0.0001
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Fig. 2 High plasma levels of antiCD4IgG are associated with increased TLR2 and TLR4 expression and distinct cell signaling pathway activation in B cells
from PWH on ART. Total mRNA was extracted from B cells isolated from healthy controls (n=7) and PWH on ART with high (HIV+/antiCD4M9" n =6) versus
low (HIV-+/antiCD4"", n=7) anti-CD4 IgG levels. (A) Relative mRNA expression of TLR2, TLR4, TLR7, and TLR9 versus GAPDH in B cells as determined by
gPCR. ANOVA tests were used to analyze data. High: antiCD4lgG > 50 ng/mL; Low: antiCD4lgG < 50 ng/mL. (B) Correlations between plasma anti-CD4 au-
toantibody levels and TLR and MyD88 mRNA expression in B cells. *, P < 0.05; **, P <0.01; ****, P <0.0001. (C) The representative immunological pathways
were enriched in coherently changed genes between the two HIV groups
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Fig. 3 LPS correlated with antiCD4IgG production in vivo and stimulated antiCD4IgG production by B cells in vitro. Plasma LPS levels in healthy controls
and virologically suppressed PWH on ART who presented with high versus low antiCD4IgG levels were evaluated by LAL assay. (A) Plasma LPS levels in
the three study groups. Correlation between antiCD4lgG and LPS levels. B cell counts (B) and proliferation (C) in response to LPS, S. aureus, P. aeruginosa,
CMV, IL-23, or IL-17 in a patient-derived antiCD4lgG-producing B cell line. ANOVA and Spearman correlation tests were used to analyze data

LPS drives CSR

CSR is a crucial biological process for antibody matura-
tion in response to both foreign antigens and self-antigens
in the germinal center [30]. To investigate the mechanism
of LPS-mediated autoantibody production, we culture
mouse splenic B cells with LPS and cytokines related to
CSR in mice. B cells were isolated from C57BL/6] mice
and cultured with medium, LPS (3 pg/mL) plus IL-4 (5
ng/mL), IEN-y (50 ng/mL), or TGF-f1 (2 ng/mL) for
96 h. The percentages of proliferating IgG subclass B
cells in total B cells (%CFSE°“IgG1/2a/2b/IgG3+in
B220+ cells) were evaluated for CSR. LPS plus cytokines
promoted IgG CSR to IgG1, 2a, 2b, and 3, but LPS alone
had the limited ability to drive CSR in vitro (Fig. 4 and
Supplementary Fig. 2). These results are consistent with
previous studies [31, 32].

Discussion

Autoimmunity plays a pathogenic role in infectious dis-
eases in the absence of any clinical autoimmune disease
[13-15]. In this study, we found that elevated plasma
microbial LPS translocation was associated with B cell

activation and antiCD4IgG production in PWH on ART.
Furthermore, stimulation of LPS induced antiCD4IgG
production in a patient-derived B cell line, and CSR in
isolated splenic B cells from C57/B6 mice in vitro. Taken
together, our findings suggest that a comprised muco-
sal barrier and systemic microbial product translocation
may induce B cell activation and anti-CD4 autoantibody
production in some PWH on ART, resulting in failure of
immune restoration (Fig. 5).

Consistent with previously published studies, we found
that plasma antiCD4IgG levels remained elevated in
PWH on ART, even though levels of other HIV infec-
tion-associated autoantibodies decreased following
ART [16, 33, 34]. HIV infection prior to ART is associ-
ated with polyclonal autoreactive B cell activation and
the production of various IgG autoantibodies, including
antiCD41IgG, suggesting nonfunctional autoantibodies
with low affinity mediated by chronic inflammation [27,
35-38]. In contrast, antiCD4IgGs generated during sup-
pressive ART can be pathogenic, mediate CD4+T cell
death via ADCC, and play a role in poor CD4+T cell
recovery after ART [16, 18, 39, 40]. Anti-CD4 IgG1 is the
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Fig. 4 LPS promotes IgG class switch recombination in vitro. B cells were isolated from C57BL/6J mice and cultured with medium, LPS (3 pg/mL) plus
IL-4 (5 ng/mL), IFN-y (50 ng/mL), or TGF-31 (2 ng/mL) for 96 h. Shown are the representative dot plots and summarized percentages of proliferating IgG
subclass B cells in total B cells (%CFSE"IgG1/2a/2b/IgG3 +in B220 + cells). Non-parametric Mann-Whitney tests were used to analyze data

predominant subclass in PWH, which is consistent with
its ADCC activity [16, 40].

While earlier studies have reported autoreactive B cell
activation in untreated PWH, here we show activation
of B cells in PWH on ART. The innate immune path-
way activation is consistent with elevated plasma LPS
observed in PWH on ART who have high levels of antiC-
D4IgG compared with healthy controls [41]. Similarly, RF
Tanko, AP Soares, TL Miiller, NJ Garrett, N Samsunder,

Q Abdool Karim, SS Abdool Karim, C Riou and WA
Burgers [42] reported that perturbations of B cell profiles
largely normalized in PWH after 12 months on ART, but
B cell activation remained high and was positively asso-
ciated with plasma sCD14 levels [42]. Our findings show
that this B cell activation specifically involves the upregu-
lation of components of signaling pathways related to
microbial products.
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Fig. 5 A model is proposed for increased plasma microbial product translocation—-mediated B cell activation and anti-CD4 pathogenic autoantibody
production leading to decreased CD4 +T cell counts in virologically suppressed PWH on ART. In our model, elevated plasma levels of LPS due to impaired
mucosal barriers repeatedly stimulated the immune system resulting in increased TLR2 and TLR4 expression in B cells, with different one-time effects and
high dose effects. The anti-CD4lgG-producing B cells then produced antiCD4lgGs in response to CD4 or HIV gp120-CD4. The resulting high plasma levels
of antiCD4IgG induced CD4 +T cell death through ADCC, leading to the failure of immune reconstitution despite viral suppression with ART.

We further found that in vitro stimulation of LPS pro-
moted antiCD4IgG production in patient-derived antiC-
D4IgG-producing B cells, likely due to increased TLR4
expression, a main receptor for LPS. This is unexpected,
given that B cells from healthy humans generally do not
express TLR4 and do not respond to LPS stimulation
[43, 44]. In previous studies, short-term high dose of LPS
stimulation may result in TLR4 downregulation in cells in
vitro [45-47] but conflict results were also reported [48,
49]. Nonetheless, the effect of long-term low dose of LPS
repeated stimulation on TLR4 remains unknown. This
in vitro finding, in combination with the correlation that
we observed between plasma LPS levels and antiCD41gG
levels in PWH on ART, implies that increased TLR4
expression may be functional and mainly on autoreac-
tive B cells which result in the atypical autoreactive B cell
activation and autoantibody production due to persistent
microbial LPS translocation. Indeed, the increased TLR4
expression on CD8+T cells has been found in patients
with Rheumatoid Arthritis (RA) and responded to LPS
to produce inflammatory cytokines; these CD8+T cells
contributed to inflammation and RA disease pathogen-
esis [50]. Besides autoimmunity, it remains unknown
whether the increased TLR4 expression accounts for the
LPS-sensitizing controls of infection.

In general, a “leaky” barrier and increased microbial
product translocation (e.g., inflammatory bowel dis-
ease) associate with increased various autoantibodies
in the absence of pathogenic activities [51, 52]. How-
ever, in individuals with a genetic predisposition or with
immune perturbations (e.g., HIV), bacterial products
(e.g., LPS) may enter the body via a leaky gut and trigger

the development of pathogenic autoantibody produc-
tion with or without clinical autoimmune diseases [53].
Moreover, the dose of LPS used the in vitro assay was
much higher than those in the plasma. We assume that
anti-CD4 IgG-producing B cells are activated and anti-
CD4 IgGs are produced in the gut lymph nodes but not
in the circulation in vivo. Thus, the LPS concentration is
expected much higher in the gut lymph nodes compared
to the blood. Thus, autoreactive B cells in the gut lymph
nodes may be activated to produce autoantibodies in
response to a high concentration of LPS. Finally, whether
sorted antigen-specific B cells or IgG+or IgM+B cells
respond to LPS directly deserves further investigations.

In conclusion, our study provides strong evidence that
the mechanism underlying the failure of immune resto-
ration in INRs involves microbial translocation into the
bloodstream and, subsequently, LPS—mediated B cell
activation and production of antiCD4IgGs that specifi-
cally deplete the CD4+T cell population. This suggests
that reversing a compromised mucosal barrier could
improve ART outcomes in PWH who fail to experience
complete immune restoration.
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