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Systemic lupus erythematosus (SLE) is a chronic autoimmundisease characterized by
dysregulated autoantibody production and complement actiation leading to multi-organ
damage. The disease is associated with increased intestihgermeability. In this study,
we tested the hypothesis that SLE subjects have increased sfemic exposure to

bacteria. Since bacteria induce the expression of antimiobial response factors (ARFsS),
we measured the levels of a series of clinically relevant ARFn the plasma of SLE
subjects. We found that levels of sCD14, lysozyme, and CXCI6Lwere signi cantly

elevated in SLE subjects. A strong positive correlation waslso observed between
sCD14 and SELENA-SLEDAI score. Interestingly, the ratio &ndoCAb IgM:total IgM

was signi cantly decreased in SLE and this ratio was negataly correlated with sCD14
levels. Although, there were no signi cant differences inhe levels of lipopolysaccharide
binding protein (LBP) and fatty acid binding protein 2 (FABH, we observed signi cant

positive correlations between lysozyme levels and sCD14,BP, and FABP2. Moreover,
galectin-3 levels also positively correlate with lysozymeCD14, and LBP. Since our SLE
cohort comprised 43.33% males, we were able to identify gendr-speci ¢ changes in the

levels of ARFs. Overall, these changes in the levels and rétanships between ARFs link
microbial exposure and SLE. Approaches to reduce microbiaéxposure or to improve

barrier function may provide therapeutic strategies for St patients.

Keywords: antimicrobial proteins, SLE, EndoCAbs, sCD14, ly
acid binding protein, CXCL16

sozyme, lipopolysaccharide binding protein, fatty

INTRODUCTION

Systemic lupus erythematosus (SLE) is a heterogeneousiclaotwimmune disease, primarily
a ecting women with a gender bias of 9:1)( The initiating stimulus of SLE is unknown. SLE is
characterized by dysregulated autoantibody production @iplement activation. Target tissues
include the central nervous system (CNS), kidneys, blokid, and joints ). Diagnosis of SLE is
based on clinical manifestations, mainly in the skin and ouleskeletal tissues. A large proportion
of subjects present with either hyperkeratosis, maculopapwanttema, synovitis, myalgia, or
arthralgia @). Due to its heterogeneous nature and diverse clinical neatéttions, it is di cult to
accurately diagnose SLE (Genetic susceptibility as well as environmental and emgtiefactors
contribute to the pathogenesis of this diseaké&(6).
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Recent reports suggest that intestinal barrier defectSample Collection
and exposure to microbial products play an importantVenous blood was drawn from both SLE and control individuals
role in the pathology of SLE7{(9). Furthermore, exposure in BD Vacutaine® K2 EDTA tubes (Franklin Lakes, NJ, USA).
to products from Gram-negative bacteria such as LPShe collected whole blood was centrifuged (for 20 min at 3000
aggravate SLE1(). It has been postulated that products g and 20C) and then the plasma layer was removed.
from both Gram-negative and Gram-positive bacteriaAll the plasma samples were divided into multiple aliquots
act as initiating or accelerating factors for this diseasend were ash frozen in dry ice and stored at80 C until
(11-13. A signicant alteration in the gut microbiome analysis. Patient data is provided Fable 1 Individual ARF
was also observed in human SLE, (14, 15. Alterations values, disease activity, drug use, and ANA titres are gimen i
in the intestinal microbiome composition and leakageSupplementary Tables 1-3
into the body could promote a toxic inammatory
microenvironment, leading to loss of self-tolerance and .
autoimmunity (14-16). Measurement of Analytes in the Plasma

Exposure to microbes and their products elicits theENdoCAb IgG, EndoCAb IgM, and EndoCAb IgA were
production of antimicrobial response factors (ARFs). ARFgneasured using direct ELISA kits procured from Hycult
comprise the rst line of defense against infection. ARF$Biotech. LBP and LL-37 were measured using sandwich
ARFs directly kill bacteria and/or activate innate immunity SCD14 and FABP2 were measured using sandwich ELISA
(18 by recruiting neutrophils and macrophages. Thiskits from R&D systems (Minneapolis, USA). CXCL16 was
facilitates rapid microbial clearance, and ultimately reelss analyzed using a sandwich ELISA kit procured from Thermo
in ammation (19). Scienti ¢ (Frederick, MD, USA). Galectin-3 was measured

In the present study, we tested the hypothesis that SLESING sandwich ELISA kit (Abcam, MA, USA). Total IgG,
subjects have increased exposure to bacteria. We askéf\, and IgM were measured using sandwich ELISA kits
whether these subjects exhibited heightened circulatingrocured from Invitrogen (Carlsbad, CA, USA). The samples
levels of ARFs. To query this, we measured the levels ¥fere diluted in appropriate bu ers, which contains HeteroBlock
a series of representative ARFs in plasma from femaf©mega Biologicals, Bozeman, MT, USA) to block non-
and male SLE subjects. The tested factors include sCD1%Pecic antibodies which may interfere with the assay. Ak th
lipopolysaccharide-binding protein (LBP), EndoCAb IgG,analyses were performed blinded to clinical status with the
IgM, and IgA, lysozyme, galectin-3, CXCL16, and LL-37€xception of galectin-3 and total immunoglobulins 1gG, IgA,
We also measured fatty acid binding protein-2 (FABP2)@nd IgM.
levels, since this re ects intestinal damag&))( Our results
demonstrate a marked elevation of sCD14, lysozyme an ‘g .
CXCL16 in SLE subjects. In addition, we observed %tatlstlcal Analysis . N -
reduction in the levels of EndoCAb IgM, suggesting acute € trapsformed the dat'a Into Ioggrlthmlc vaIue; for Staﬁéh.
bacterial exposure. We discovered signi cant correlation?.nal_ySIS and correla_tlon studies. - For testing stat|§t|ca|
between lysozyme and sCD14 levels, and these factors aRgn! cance, the unpairedt-test was used. For corelation

correlated with LBP, galectin-3 and FABP2, suggesting naIy5|s,' Pearsoln .product-m?mentd clgrrelallltlo? t'C?eazlfntt
common stimulus. earson's r) analysis was performed. For all statisticab,tes

P < 0.05 was considered to be statistically signi cant. All the
statistical tests were done with GraphPad Prism 7 (GraphPad

MATERIALS AND METHODS Software, Inc.).
Study Subjects

Ethical approval for this study was obtained from Benaroya&aBLE 1 | Characteristics of SLE patients and healthy controls.
Research Institute's Institutional Review Board (#07108)113

compliance with Declaration of Helsinki. Informed consents SLE Patients Healthy controls
. . . . . (n D 30) (n D 30)

were obtained from each participant prior to including them

in the study. Our study involved 30 SLE patients (13 males Mean age inyears ~ 45.90 13.04 4613  13.00

and 17 females), all ful lling the revised classi cationiteria (range) (30-71) (26-68)

for SLE from the American College of Rheumatologdl)( sex (n) Female 17 16

and 30 age and gender matched healthy control subjects Male 13 14

(16 females and 14 males) with no personal or family Mean 4.90 5.98 (0-26) _

history of autoimmunity. Exclusion criteria included hisy SELENA-SLEDAf

of recent infection and the use of steroids from the past score (range)

6 months. Out of 30 SLE subjects, 19 were treated with ANA titer (range) 1:80t0>1:640 -

!mmunosuppresswe and/or mr_nunomodulatory dI’UgS, .WhI.ChVaIues expressed as mean standard deviation (SD) wherever it is applicablé SELENA-
include mycophenolate mofetil, methotrexate, azathioprinesiepal- safety of Estrogens in Lupus Erythematosus National Assessment-sgaic
and hydroxychloroquine_ lupus erythematosus disease activity index.ANA-antinuclear antibodies.
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RESULTS signi cant change compared to control maleé® D 0.381). Both

. SLE malesR D 0.0078) and SLE femald3D 0.027) showed a
sCD14 Ifevels Are Increased in signi cant elevation in the levels of total IgG compared teith
SLE Patients respective controls. We did not nd a signi cant di erence in
CD14 is a co-receptor for LPS and is expressed by monocytgsal IgM levels P D 0.153 healthy controls vs. SLE patierRs;
and macrophage£¢). Upon stimulation with endotoxins, CD14 D 0.486 control males vs. SLE male€) 0.160 control females
is shed from the cell surface leading to increased circtfato vs. SLE femalesigure 2F).
levels of soluble CD14 (sCD14). Increased levels of sCD14 |n order to determine whether the proportion of EndoCAbs
could re ect endotoxin exposure and/or monocyte/macrophagévere altered in SLE subjects; we determined the ratios of
activation ¢3). We found a signi cant increase in the levels EndoCAb IgA:total IgA, EndoCAb IgG:total IgG, and EndoCAb
of sCD14 P < 0.0001) in SLE patients compared to controljgM:total IgM between the groups. We did not nd a signi cant
subjects figure 1A). We also compared sCD14 levels in malechange in the ratios of EndoCAb IgG:total Ig® © 0.567
and female SLE subjects. Both SLE males and females showggithy controls vs. SLE, D 0.953 control male vs. SLE male;
signi cant elevations in sCD14 compared to contrd®} 0.0101  p D 0.525 control female vs. SLE female). However, EndoCAb
andP D 0.0004 for males and females, respectively). LBP bingigA:total IgA levels showed a trend toward reduction in féesa
to LPS and transfers LPS to CD14, leading to the activation @fut not in males P D 0.176 healthy controls vs. SLE;D
TLR4 @2, 24). We did not detect a signi cant di erence in LBP  0.521 control male vs. SLE maRD 0.059 control female vs.
levels in SLE patients compared to healthy contrBI®(0.180). SLE female) between the grougdgures 2G,H. Interestingly,
However, SLE males showed a trend toward increased levgle observed a signi cantly reduced ratio of EndoCAb IgM:tota
(PD 0.062), whereas SLE females were not di erent than controlgyM in SLE subjects compared to healthy contrd®s¥ 0.006)

(PD 0.765) Figure 1B). (Figure 21). SLE females showed reduced EndoCAb IgM:total
.. IgM ratios (P D 0.015), whereas in males the di erence was not

sCD14 Positively Correlates S?gni cant ((FF:D 0_140))_

With SELENA-SLEDAI To determine whether these observations could be explained

Safety of Estrogens in Lupus Erythematosus Nationady the e ects of immunosuppressive and/or immunomodulatory
Assessment-Systemic Lupus Erythematosus Disease Activitiugs, we compared the levels of total Igs, EndoCAbs, and
Index (SELENA-SLEDAI) is a modi ed version of the measurethe ratios of EndoCAbs:total Igs between treated and umécka

of disease activity, which is used as a clinical index foSLE subjects. Total IgG (P = 0.557), IgA (P = 0.173), IgM
the severity of the disease@5 26). SLEDAI levels re ect (P =0.139), and EndoCAb IgG (P = 0.402) levels were the same
alterations in mucocutaneous, musculoskeletal, neurofdgi in SLE patients untreated and treated with immunosuppressive
cardiopulmonary, renal, and hematological syste®§.(Since and/or immunomodulatory drugs Figures 3A-D). However,

we found an elevation in sCD14 in SLE patients, we askeindoCAb IgA and EndoCAb IgM levels were found to be reduced
whether sCD14 and SELENA-SLEDAI levels were correlategigni cantly in SLE patients treated with immunosuppressive
in SLE patients. Interestingly, sCD14 levels were positivelyrugs compared to untreated SLE patienBs[ 0.035 &P D
correlated with SLEDAI score in both lupus male subject® (  0.025, respectivelyfigures 3E,F. Importantly, the ratio of the
0.774 andP D 0.014) and female subjects® 0.812 and® D  three EndoCAbs:total Igs was not a ected by immunosuppressive

0.049) Figure 10. drugs in SLE subject&igures 3G-).

. Since, both EndoCAbs and sCD14 are responsive to LPS, we
EndoCADb IgM Levels and Proportions Are asked whether the ratios of EndoCAbs:total Igs were adsacia
Reduced in SLE Patients with levels of sCD14 in SLE. We found a signi cant negative

EndoCAbs are antibodies directed against the endotoxie oér correlation between the ratio of EndoCAb IgM:total IgM and
LPS @8). They bind and neutralize circulating LPS. AlterationssCD14 P D 0.030;r D  0.396) Figure 4). Since bacterial

in the levels of EndoCAbs occur upon exposure to LPS and serexposure reduces EndoCAb IgM and elevates sCD14, this
as a measure of bacterial exposu®e, (28, 29). Evaluation of relationship is not surprising.

EndoCAbs revealed that there is no signi cant di erences in .

the levels of EndoCAb IgG and EndoCAb IgA between controkyS0Zyme Levels Are Increased in

and SLE patientsFjgures 2A,B. Interestingly, we observed a SLE Patients

signi cant decrease in EndoCAb IgM levels in SLE subjgefd (  Peptidoglycan comprises a high proportion of the cell walls
0.002) compared to controlg-igure 2C). Gender comparisons of Gram-positive and Gram-negative bacteria?) Lysozyme
revealed that SLE females had reduced levels of EndoCAb Ighl an important antimicrobial enzyme that hydrolyses the
(P D 0.008), whereas SLE males only showed a trend towaglycocidic bond of the peptidoglycan to kill microorganisms)(

signi cance P D 0.08). We next measured the concentration ofLysozyme is produced by monocytes, macrophages, neutrophils,
total immunoglobulins (Igs) in the SLE and control cohorfhie  and glandular cells33). Levels of lysozyme are elevated in many
results revealed a signi cant increase in the levels o igta (P diseases characterized by gut hyperpermeability includiige

D 0.0004) and total IgAR D 0.013) in SLE patients compared to disease, colitis, and Crohn's disease, suggesting thabloiétr
healthy controlsFigures 2D,B, con rming earlier observations ora upregulates this enzyme3g, 34). We tested lysozyme levels
(30, 31). SLE females showed an elevation of total IgA comparednd found a signi cant increase in SLE patien € 0.0001)

to control femalesR D 0.014), whereas SLE males didn't show a&ompared to controls. Both SLE malés< 0.0001) and females
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FIGURE 1 | Increased levels of sSCD14 in SLE subject§A) Concentrations of circulating sCD14 in healthy controls athSLE patients.(B) Concentrations of LBP in
healthy controls and SLE patients. Bars represent median alyte levels.(C) Correlation between circulating sCD14 levels and the SELEINSLEDAI score in SLE
patients. Correlation studies showed a signi cant positivecorrelation between SLEDAI vs. sCD14n(D 20).

(P D 0.021) exhibited a signi cant elevation when compared td_.BP and FABP2 levels in SLE, their correlation with lysozyme

controls Figure 5A). suggests a common stimulus.
Concentrations of FABP2 Are Not Different Galectin-3 Levels in Healthy Controls and
in SLE Patients SLE Cohorts

Changes in the levels of FABP2 in the circulation re ectsGalectin-3 is a multifunctionab-galactoside-binding protein
epithelial cell loss and alterations in enterocyte turnovate produced by macrophages, monocytes, and dendritic cells (

in the intestine. Thus, FABP2 serves as a useful markérevious reports demonstrated its upregulation in autoimraun
in assessing intestinal permeabilitZ(. We found that the disorders such as rheumatoid arthritis, Behcet's diseaseSak
levels of FABP2 were not dierent in these SLE subject$36-38). Exposure to bacterial products is suggested to induce
(P D 0.285 healthy controls vs. SLE patief®€) 0.201 control the secretion of galectin-3 and the interaction betweeedai-3
males vs. SLE males; aRdD 0.698 control females vs. SLEand LPS potentiates in ammatior3¢-41). Moreover, galectin-

females) Figure 5B). 3 is involved in the regulation of immune and in ammatory
responses/?). In our study, we found that galectin-3 levels were

Lysozyme Levels Positively Correlate With not statistically signi cant P D 0.172 healthy controls vs. total

sCD14, LBP, and FABP2 Levels SLE; male SLE subjec8 D 0.213); female SLE subjecBs [

We observed a signicant positive correlation between thd-532) Figure 7A).

antibacterial protein lysozyme with sCD 14 0.499P D 0.005), . . .

LBP ¢ D 0.434P D 0.016), and FABP2 O 0.396P D 0.030) in Galectin-3 Levels POSIt|V6|y Correlate With

SLE patients as determined by Pearson's r analysis. We did ®CD14 and Lysozyme in SLE Subjects

observe any correlation between these factors in healthirals A signi cant positive correlation was seen for galectin-8dks
(Figures 6A—Q. Even though there is no statistical di erence in with sCD14 ¢ D 0.425,P D 0.019), lysozymer (D 0.447,P D
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FIGURE 2 | EndoCADb IgM levels are reduced in SLE subjectgA) Levels of circulating EndoCAb 1gG in healthy controls and SLgatients. (B) Circulating EndoCAb
IgA levels in healthy controls and SLE subjectgC) Levels of circulating EndoCAb IgM in healthy controls and SLfatients. (D) Levels of circulating total IgG in healthy
controls and SLE patients.(E) Levels of circulating total IgA in healthy controls and SLE piants. (F) Levels of circulating total IgM in healthy controls and SLE
patients. (G) Ratio of EndoCAb IgG:total IgG in healthy controls and SLE patits. (H) Ratio of EndoCAb IgA:total IgA in healthy controls and SLE patits. (I) Ratio of
EndoCADb IgM:total IgM is reduced among SLE patients compareda healthy controls For all gures, bars represent median analyte levels.

0.013), and LBP in SLE patients D 0.416,P D 0.022). We pro- or anti-in ammatory peptide depending on the context in
did not observe such a positive correlation in healthy colstro which it is involved ¢5). We did not nd any signi cant change

for lysozyme and sCD14. However, galectin-3 vs. LB ( in the concentration of LL-37 in SLE patients when compared
0.524,P D 0.002) was positively correlated in normal subjectsto healthy controls P D 0.449), SLE males compared to control
Interestingly, a negative correlation was observed betweanales PD 0.504), and SLE females compared to control females
galectin-3 and sCD14 in healthy controls, but the correlati (P D 0.733) Figure 8A).

did not achieve statistical signi cance D 0.163,P D 0.387)
(Figures 78-D. Levels of CXCL16 Are Increased in SLE

. : Patients and Positively Correlated With
Concentrations of LL-37 in SLE Cohort sCD14 Levels

Were Not Different Than Those in Healthy CXCL16 is an important multifunctional antimicrobial protei

Controls secreted by macrophages and dendritic cells and is involved in
LL-37 is an antimicrobial peptide produced in response tahe phagocytosis of bacterid§ 47). We observed a signi cant
bacteria and their products4@ 44). LL-37 can act as either a increase in the levels of CXCL1f D 0.001) in SLE patients
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FIGURE 3 | Ratios of EndoCAbs:total immunoglobulins are not affectethy disease modulating drugs.(A—C) Concentrations of total immunoglobulins in SLE subjects
(n D 19) treated with immunosuppressive and/or immunomodulatgr drugs such as hydroxychloroquine, mycophenolate mofeténd/or azathioprine i D 19)
compared with untreated SLE subjects 1§ D 11). (D—F) Concentrations of EndoCAbs in untreated SLE patientsn(D 11) and those treated with immunosuppressive
drugs (h D 19). (G-I) Ratios of EndoCAbs:total Igs in SLE patients in untreated SL&ubjects (0 D 11) and those treated with immunosuppressive and/or
immunomodulatory drugs 6 D 19). Bars represent median analyte levels for all gures.

when compared to control subjectBigure 8B). SLE males were agellin, endogenous lipids, and lipoteichoic acid (LTA) can
signi cantly di erent from control males P D 0.002) whereas stimulate monocyte/macrophage activation and induce ARFs
SLE females only showed a trend toward signi careB (0.081). (48, 49). ARFs are predominantly expressed and produced
A signi cant positive correlation was observed betweerby monocytes/macrophages, neutrophils, hepatocytes, and
CXCL16 levels and sCD14 levels in both SLE patient® ( B cells 23 49-53 which initiate a cascade of protective
0.551,P D 0.001) and healthy controls © 0.411,P D 0.023) immunoregulatory and proin ammatory factors potentiating
(Figure 8Q). This could be due to the involvement of a commonbacterial clearance. This mechanism could initiate or
stimulus driving the elevation of both CXCL16 and sCD14 Igeve accelerate SLE.
We found that sCD14 levels were increased in SLE, con rming
DISCUSSION previous studies43, 54, 55). Recent reports demonstrated that
elevated levels of sSCD14 in plasma are associated withiirgkest
In this investigation, we demonstrated coordinated changebarrier dysfunction %6, 57). The positive correlation between
in ARFs in SLE patients. Constituents from Gram-negativeééCD14 and disease activity (SELENA-SLEDAI score) levels
and Gram-positive bacteria including LPS, peptidoglycansuggests arole for endotoxemiain SLE progression. LPS exposure
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neutralizes LPS. To our knowledge, this is the rst report
analyzing EndoCAD levels in SLE. EndoCAb IgM antibody levels
° are reduced during an antimicrobial response and act as a

° sensitive marker of recent endotoxin exposug), (28, 64). It
was hypothesized that binding and neutralization of endatox
by EndoCADb IgM leads to its subsequent degradation, reregti
its reduced levels6f). Thus, EndoCAb IgM antibody titres
are inversely proportional to acute endotoxemi6,(67). We
observed reduced levels of EndoCAb IgM and elevated levels
of sCD14 in the SLE cohort. Moreover, a negative correlation
between sCD14 and the ratio of EndoCAb IgM:Total IgM also
links the EndoCAb mediated clearance of LPS. Since elevated
rvalue P value levels of sCD14 in plasma enhance LPS release from monocytes,
gfgrol 000;);36 gggg it.is quite likely that the reduction of .EndoCAb IgM is dye toet
02 binding of free endotoxins. Alternatively, sustained dé&pte of

0.5 1.0 15 2.0 2.5 EndoCAD IgG is found during chronic endotoxemia including
sepsis 9. Currently, it is unknown about the initiating events
log Ratio of EndoCAb IgM:Total IgM and the exact fate of endotoxin-EndoCAb complex and/or
whether this complex has any speci c role in the activation & th

FIGURE 4 | sCD14 levels correlate with the ratio of EndoCAb IgM:total Ighh complement pathway. Follow-up studies are pertinent to address
SLE patients. Analysis showing a signi cant negative corration between this question.
sCD14 and the ratio of EndoCAb IgM:Total IgM in SLE patients.

- SLE

0.6 o controls

e
=

log sCD14 (ng/ml)
=
N

ot
>

The signi cant increase in the levels of total IgA and 1gG
observed in this SLE cohort could be due to immune activation.
Previous studies also reported elevated levels of IgA and IgG
could thus account for many of the ndings in this study. in lupus patients 80, 31). It was shown that higher amounts
sCD14 levels are increased in other bacterial infectimoeiated of immunoglobulin secreting cells in the peripheral blood are
diseases including sepsis, arthritis, periodontitis, andn&y responsible for the elevated levels of IgA and IgG in Sidy. (
diseases. Elevated levels of sCD14 in the circulation atec Moreover, 1gG plays an important role in the formation of
a systemic response to bacterial exposti@-§1). Correlation immune complexesin SLE, which induce a chronic in ammatory
of sCD14 with SELENA-SLEDAI in SLE indicates that sCD14ondition (69, 70). Elevated levels of IgA could result as an
could be an acute phase protein. Furthermore, it is known thaimmune response from the mucosal immune system against
excess sCD14 levels reduce the LPS-monocyte interactibn amanslocated bacterial products1). Even though the ratios of
thereby decrease the detrimental e ects of systemic leitkocyEndoCAb IgA:total IgA and EndoCAb IgG:total IgG were not
activation @0, 62). Increased levels of sCD14 in the circulationsigni cantly di erent among the groups, the ratio of EndoCAb
promote the release of LPS from cells. Due to the rapid bindinggA:total IgA in SLE females showed a trend toward signittan
of LPS with monocytes/macrophages, released LPS can furtlreduction suggesting exposure of bacterial products frongtite
stimulate the production of proin ammatory cytokines. LPS  Immunosuppression may lead to increased bacterial growth
is also transferred to lipoproteins for its neutralizatioA(.  and infection {72, 73). Increased exposure to microbial products
Interestingly, endogenous lipoproteins cannot neutraliZ2SL could be due to gut leakiness and/or infection that could
quickly due to their slow binding rate5@). The biological e ects result from immunosuppression. It was previously reported
of sCD14 appear to be concentration dependent and furthethat immunosuppression can somewhat reduce the levels of
investigations are required to understand the e ects of s€D1EndoCAbs but the results were not statistically signi cant)(
mediated release of cell bound LPS. In this report, we showed that EndoCAb IgM levels were

We did not observe any signi cant changes in the leveldower in SLE subjects treated with immunosuppressive and/or
of LBP, a marker in the LPS-CD14 pathway, in SLE cohorfmmunomodulatory drugs that included hydroxychloroquin,
compared to healthy controls. The absence of a signi caninycophenolate mofetil, and azathioprine. However, the ratio
change in LPS-binding molecules could be due to di erencesf EndoCAb IgM:Total IgM was signi cantly reduced in SLE
in anity, production, or clearance, or perhaps by the low subjects. This suggests a specic eect on EndoCAb IgM
molar ratio of LPS to these relatively abundant ligan@é).(At  indicating increased LPS exposure. The negative correlation
the same time, increased levels of sCD14 levels could also etween sCD14 and the ratio of EndoCAb IgM:total IgM suggests
due to monocyte/macrophage activation by elevated levels bhcterial exposure and monocyte/macrophage activation.
in ammatory cytokines ¢9). Since the elevated levels of sCD14 We found elevated levels of lysozyme in SLE patients. Previous
do not re ect the sole involvement of bacterial products,ther  studies reported an elevation of this enzyme in response to
studies are warranted to de ne the exact basis of elevatedlde microbial exposure and alterations in intestinal permedpili
of sCD14 in lupus. (33 34, 75). Bacterial exposure increases monocyte/macrophage

The reduction in the ratio of EndoCAb IgM:IgM levels and neutrophil activation 16, 77). Activated macrophage
is particularly provocative, since this immunoglobulin dity  produce proin ammatory cytokines such as IL-6 and TMNF-
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in healthy controls and SLE patients. Bars represent mediaanalyte levels for all gures.

A B
0.8 P<0.0001 P=0.021 4.5
t 4 P=0.285
=== P=0201 o
06 P<0.0001 =4.0 P=0.698
g o —_— o E ® AA
o 00° Ap & ) o o
04 S35 ©°© o PN
g 2 v % g o Aa A 4% o0
E’ & % A A % g ) %% ﬁﬂﬁr 208 238
3 % o fan A % 230 Ap 2 ToP &°
s BB g O S Tm G| ® e oem o8 0T g
& 060 2 o O . o
=00 Og 00 4 g 251 © M
985 A o0
-0.2 Y 2.0
Q $ N & & & > Y S e < <
§ ¥ & ¢ & & & F FF S
& > < i N o > % <& &
& ¥ & $ S &
& & . & & S
© <

FIGURE 5 | Elevated levels of lysozyme in SLE subjectgA) Levels of circulating lysozyme in healthy controls and SLEagients. (B) FABP2 levels remain unchanged

with sCD14, LBP, and FABP2 in SLE patients.
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FIGURE 6 | Circulating levels of lysozyme correlate with sCD14, LBPral FABP2 in SLE patients(A—C) Analysis showing a signi cant positive correlation of lysozme

can increase the production of lysozym&3(78). Although

levels, we observed signi cant positive correlations betwe in SLE.

lysozyme levels and sCD14, LBP and FABP2. This suggestsOur analyses also indicated that the SLE cohort possesses
a relationship and possible common stimulus for thesencreased levels of CXCL16 compared to healthy controls.

factors. Interestingly, the positive correlations betwebase
we did not nd signicant dierences in LBP or FABP2 factors appear to be novel and have never been reported

Frontiers in Immunology | www.frontiersin.org

April 2019 | Volume 10 | Article 658


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Ayyappan et al. Antimicrobial Response in SLE

FIGURE 7 | Galectin-3 levels correlate with sCD14, lysozyme and LBP i8LE subjects.(A) Plasma galectin-3 levels were not signi cantly different iSLE patients
compared to healthy controls. Bars represent median analgtlevels.(B—D) Correlation of galectin-3 levels with sCD14, lysozyme, antBP in healthy controls and SLE
patients. A signi cant positive correlation with sCD14, lyszyme, and LBP was observed in SLE patients. In healthy contts, a positive correlation was observed with
galectin-3 vs. LBP (D) and a non-signi cant negative correlation was observed wittgalectin-3 vs. sCD14(B).

CXCL16is an important chemokine participating in host defensend drives the induction of CXCL163(). It is reported that
and acts as a mediator of innate immune responsé9.( LPS binds to lipoproteins and the resulting LPS-lipoprotein
Recent studies showed the involvement of CXCL16 in SLEomplex undergoes receptor-mediated endocytoss §3). As
patients 61, 80). In addition to macrophages and dendritic cells,a scavenger receptor, elevated levels of CXCL16 appears to
CXCL16 is also produced by keratinocytes, where it plays dme a compensatory mechanism to neutralize LPS-lipoprotein
antimicrobial role {79). Qin et al. £1) reported higher levels of complexes. Considering these observations, it is likely that t
CXCL16 in SLE patients with cutaneous disease compared iocreased level of CXCL16 in SLE cohorts results from bidtter
subjects without cutaneous involvement. We did not observexposure. Follow-up studies will be necessary to clarify the
any correlation between CXCL16 levels and disease activity functional role of CXCL16 in the transport of bacterial prodsic
male and female SLE patients (data not shown). Endotoxemand its receptor-mediated neutralization.

also increases the levels of CXCLB)( Increased levels of  Galectin-3 acts as a regulator of innate immunity or as a
CXCL16 in SLE cohort might be due to the exposure of bacteriglattern-recognition receptor&4, 85). Plasma galectin-3 levels
products. CXCL16 is recognized as a novel class of scavenpeve been reported to be signi cantly elevated in SIB).(
receptor. The role of scavenger receptors in the uptake dflowever, our analysis of galectin-3 levels did not reveal
modi ed LDL is well-reported 82). Moreover, involvement of signi cant alterations. The di erences in results betwedrese
CXCL16 in the phagocytosis of both Gram-negative and Gramstudies could re ect the male to female ratio or disease $gver
positive bacteria was also documenté6) (A positive correlation  Shi et al. 88) used a predominantly female cohort with a SLEDAI
between CXCL16 and sCD14 in our study further substantiatscore average of 12.5 as compared to our cohort, which indlude
the involvement of bacterial products for the elevation 0f43% males, and subjects with an average SLEDAI score of 4.9.
CXCL16 in SLE patients. Binding of LPS with CD14 leads t& et following gender strati cation of our SLE subjects, tamble
the activation of various signaling cascades including KBF- cohort showed no signs of increase in galectin-3 levels. Mae
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FIGURE 8 | Concentrations of CXCL16 are elevated in SLE subject§A) Concentration of LL-37 remains unchanged in SLE patients ampared with healthy controls
and SLE patients.(B) SLE patients have elevated levels of CXCL16 levels compared healthy controls.(C) CXCL16 levels were positively correlated with sCD14
levels in both SLE patients and healthy controls.

we did not observe a correlation between disease activity arother autoimmune conditions, which further demonstrate a
galectin-3 levels (data not shown). Therefore, furtherdsta possible connection between gender, the gut microbiome and
are required to elucidate the role galectin-3 in the pathglo§ immunity (90, 93-95). It is suggested that sex-speci ¢ changes in
SLE. Interestingly, a positive correlation between gale®ivith  the composition of gut microbiota may be a contributing facto
sCD14, lysozyme, and LBP in our study suggests the involvemefor more severe lupus symptoms in femal@e)(
of bacterial exposure as a common stimulus. We believe that the unifying stimulus for the observed
SLE primarily a ects women. There has been a lot of progresdi erences in ARF levels in SLE subjects is bacterial exposure.
in delineating the pathophysiology of the disease, but theafem Several factors, such as increased intestinal permeability
predominance is still unexplained) Interestingly, we observed alterations in gut ora, and changes in the morphology of
some gender di erences in ARF levels. For example, EndoCAlhe intestine could contribute to the heightened antimioial
IgM levels were reduced in females, whereas males only showesponse observed in our study. In human SLE, a relative
a trend. Conversely, CXCL16 levels were increased in mdée Sincrease in the abundance of Lachnospiraceae and a lower rati
subjects, whereas females showed a trend. Males and femaléd-irmicutes to Bacteroidetes was demonstratéd-{6, 96).
show dierent levels of innate immunity and the alterations Alterations in microbiota may inhibit intestinal barrieuhctions,
in innate immunity lead to the production of auto-antigens triggering in ammation and antimicrobial defense mechamis
and autoimmunity in SLE §6-88). Various studies indicated (97). It was shown that the receptors for LPS and peptidoglycans
the involvement of immune responses from intestinal mucosdTLR4 and TLR2, respectively) are elevated in SLE, which
in determining gender dierences in SLE3Y). Dierences promote pathology and autoantibody productiond 98, 99).
in gut microbiome between males and females could be a Although we observed no signi cant change in the levels of
possible reason for gender-speci ¢ changes in the levels oEARFABP2 (marker of compromised intestinal integrity), we diddn
in this study. Gender-specic di erences in gut microbiome a positive correlation between FABP2 and lysozyme, suggesting
composition have been widely reporte€lc(92). Furthermore, the involvement of bacterial exposure in SLE cohort. Due to
microbiota composition di ers between males and females irbroad variance in the levels of FABP2, the di erence may be hard
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FIGURE 9 | Schematic representation of heightened antimicrobial rgmnse in SLE. Release of LPS and other microbial products intsystemic circulation causes
monocyte/macrophage activation and the release of antimiabial response factors (ARFs). Elevated levels of sSCD14 aa@ indication of monocyte/macrophage
activation. High sCD14 can also accelerate the release of diebound LPS from monocytes. Binding and neutralization ofée endotoxins by EndoCAb IgM causes its
reduction in the circulation. In addition, other ARFs such alysozyme and CXCL16 are induced to combat and neutralize thbacterial products in the circulation. A
positive correlation of sCD14 with lysozyme and CXCL16 and aegative correlation between sCD14 and the ratio of EndoCAgM:Total IgM suggests that exposure
to microbial products is a common stimulus for the inductiorof these ARFs. Compromised intestinal integrity is the likereason for the translocation of microbial
products into the circulation. In order to query and de ne this case-control studies in SLE analyzing the suite of differe markers of intestinal permeability are essential

to detect with this sample size. In the absence of a signicant In conclusion, our results demonstrate a heightened
change in FABP2 levels, measuring circulating LPS, zonulimntimicrobial response with marked elevations and
and intestinal biopsy are alternatives for assessing comigexin correlations of ARFs in SLEFijgure 9. Based on our
gut integrity. However, none of these approaches is withoutesults, it appears that inhibiting microbial exposure
pitfalls. For example, circulating LPS and zonulin levelsrede may dampen  monocyte/macrophage  activation and
considered reliable markers for compromised gut permeabilitimprove therapeutic outcomes for SLE patients. Indeed,
due to technical di culties in quanti cation 67, 106-103. The pre-clinical studies showed that antibiotic treatment
acquisition of intestinal tissue from SLE patients and colstr ameliorated systemic autoimmunity, increased intestinal
is uncommon, which makes such an approach less feasiblepithelial barrier function and eliminated pathogenic
For these and other reasons, assessment of biomarkeredelatutoantibodies and T cells in SLE, (8). However, a better

to microbial exposure and immune activation is consideredunderstanding of the linkage between SLE and heightened
one of the best possible measures of analyzing compromisetitimicrobial responses could provide novel therapeutic
gut permeability in humans using archived serum or plasmapproaches for the management of this disease in high
samples7, 104). risk populations.
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