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Background: Elevated triglycerides or triglyceride-rich lipoproteins are an additional
cause of cardiovascular (CV) disease. Given that patients with systemic lupus
erythematosus (SLE) have a high prevalence of premature CV disease and show an
altered lipid profile, our objective was to study whether three molecules that play a central
role in the triglyceride metabolism: apolipoprotein C-III (ApoC3), angiopoietin-like protein 4
(ANGPLT4), and lipoprotein lipase (LPL) differ between SLE patients and controls, and
how they are related to disease characteristics, including disease damage.

Methods: Cross-sectional study that included 347 women, 185 of them diagnosed with
SLE and 162 age-matched controls. ANGPTL4, ApoC3 and LPL, and standard lipid
profiles were analyzed in SLE patients and controls. A multivariable analysis was
performed to assess whether ANGPTL4, ApoC3 and LPL molecules differ between
patients and controls and to study their relationship with SLE disease damage.

Results: After fully multivariable analysis that included classic CV risk factors, and the
modifications that the disease itself produces over the lipid profile, it was found that
ApoC3 was significantly lower (beta coef. -1.2 [95%CI -1.6- -0.8) mg/dl, <0.001), and
ANGPTL4 (beta coef. 63 [95%CI 35-90] ng/ml, <0.001) and LPL (beta coef. 79 [95%CI
30-128] ng/ml, p=0.002) significantly higher in patients with SLE compared to controls.
Disease damage score was significantly and independently associated with higher serum
levels of LPL (beta coef. 23 [95%CI 10-35] ng/ml, p=0.001). Mediation analysis suggested
that the relationship between disease damage and LPL was direct and not mediated by
ApoC3 or ANGPLT4.
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Conclusion: The ApoC3, ANGPLT4 and LPL axis is disrupted in patients with SLE.
Disease damage explains this disturbance.
Keywords: systemic lupus erythematosus, dyslipidemia, lipoprotein lipase, angiopoietin-like protein 4,
apolipoprotein C3
INTRODUCTION

Epidemiological and genetic evidence supports that elevated
triglycerides or triglyceride-rich lipoproteins are an additional
cause of cardiovascular disease (CVD) and all-cause mortality (1,
2). Although the pathways for the synthesis and metabolism of
triglycerides are complex and diverse, three molecules play a
central role in their metabolism and have recently gained interest
due to their relationship to CVD: apolipoprotein C-III (ApoC3),
angiopoietin-like protein 4 (ANGPLT4), and lipoprotein lipase
(LPL). ApoC3 is found in triglyceride-rich lipoproteins and
increases the hepatic synthesis of these lipoproteins while
reducing their clearance by inhibiting LPL (3). ANGPLT4
participates in the regulation of triglycerides metabolism by the
inhibition of LPL, thereby also decreasing the lipolysis of plasma
lipoprotein triglycerides (4). Lastly, LPL hydrolyzes the
triglycerides core of chylomicrons and very-low-density
lipoproteins and has a crucial role in regulating plasma
triglycerides levels (5). Clinical trials are ongoing with
therapies that target ANGPTL molecules, ApoC3 and LPL
through novel monoclonal antibodies and gene silencing
techniques. These therapies seem promising in benefiting
patients with severe hypertriglyceridemia and increased CV
risk (6).

Patients with systemic lupus erythematosus (SLE) have a high
prevalence of premature CVD (7). Besides, they exhibit changes
in serum lipids and lipoproteins (8, 9). Although studies have
reported a variety of modifications of lipid metabolism in
patients with SLE, this alteration appears to be characterized
by low HDL cholesterol, high triglycerides, and normal or
elevated LDL cholesterol (10, 11). It is also believed that, like
other inflammatory diseases, the more severe the disease, the
greater the alterations in serum lipid levels (12).

Taken all these considerations into account, in the present
work we assessed serum levels of ApoC3, ANGPTL4 and LPL in
a large series of patients with SLE and controls. We aimed to
study if the ApoC3, ANGPLT4 and LPL axis differs between SLE
patients and controls. In an additional step, we set out to study
whether disease characteristics, such as disease damage, are
related to dysfunction of this axis.
MATERIAL AND METHODS

Study Participants
This was a cross-sectional study that included 347 women, 185 of
them diagnosed with SLE and 162 age-matched controls. All the
patients were 18 years old or older, had a clinical diagnosis of
SLE, and fulfilled ≥ 4 American College of Rheumatology (ACR)
org 2
classification criteria for SLE (13). They had been diagnosed by
rheumatologists and were periodically followed-up at
rheumatology outpatient clinics. Apart from possible statin
use, controls included in the study were required not to have
conditions or drug treatment that could influence lipids and were
not taking any other lipid-lowering medications. Controls were
community-based, recruited by general practitioners in primary
care centers. In addition, controls with a history of some
inflammatory rheumatic disease, as well as those with a history
of CV disease, were excluded. None of the controls were
receiving glucocorticoids. However, as they are often used in
the treatment of SLE, patients taking prednisone or an equivalent
dose ≤10 mg/day were not excluded. As previously mentioned,
both patients and controls under statins treatment were allowed
to participate in the study. Patients and controls were excluded if
they had a history of myocardial infarction, angina, stroke, a
glomerular filtration rate <60 ml/min/1.73 m2, a history of
cancer, or any other chronic disease, or evidence of active
infection. The study protocol was approved by the Institutional
Review Committee at Hospital Universitario de Canarias and at
Hospital Universitario Doctor Negrıń (both in Spain), and all
subjects provided informed written consent (Approval
Number 2015_84).

Data Collection and
Laboratory Assessments
Individuals included in the study completed a CV risk factor and
medication use questionnaire and underwent a physical
examination. Weight, height, body-mass index (the weight in
kilograms divided by the square of the height in meters),
abdominal circumference, and systolic and diastolic blood
pressure were assessed under standardized conditions.
Information regarding smoking status (current smoker versus
non-smoker) and hypertension was obtained from the
questionnaire. Medical records were reviewed to determine
specific medications and diagnoses. SLE disease activity and
damage were assessed using the Systemic Lupus Erythematosus
Disease Activity Index -2000 (SLEDAI-2K) (14) and the SLICC/
ACR Damage Index (SDI) (15), respectively. For the propose of
the present study, the SLEDAI-2k index was broken down into
none (0 points), mild (1-5 points), moderate (6-10 points), high
(11–19), and very high activity (>20) as previously described
(16). Disease severity was measured as well, using the Katz
Index (17).

Serum LPL mass was measured using a sensitive sandwich
enzyme-linked immunosorbent assay (ELISA) (Biomatik,
Cambridge, Canada). The assay sensitivity (minimum detectable
concentration) for LPL was 0.58 ng/ml. Precision was estimated as
an inter-assay <15%, an intra-assay <10% coefficients of
May 2022 | Volume 13 | Article 827355
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variability. ANGPTL4 was assessed through R&D Duoset ELISA
(Abingdon, UK). ANGPTL4 minimum detectable values were 1.3
ng/ml and both inter and inter-assay coefficients of variability
were <10%. For the detection of ApoC3 a ELISA kit was used
(Elabscience, USA). No significant cross-reactivity or interference
between human ApoC3 and analogues is observed with this kit.
Both intra and inter- coefficients of variability are < 10% for this
assay. Cholesterol, triglycerides, and HDL cholesterol were
measured using the enzymatic colorimetric assay. LDL
cholesterol was calculated using the Friedewald formula.

Statistical Analysis
Demographic and clinical characteristics in patients with SLE
and controls were described as mean (standard deviation) or
percentages for categorical variables. For non-normally
distributed continuous variables, data were expressed as
median and interquartile range (IQR). Univariable differences
between patients and controls were assessed through the
Student’s T, Mann–Whitney U, Chi2 or Fisher’s exact tests
according to normal distribution or number of subjects.
Differences between patients and controls regarding their lipid
profiles were assessed through multivariable regression analysis.
Confounding variables in this analysis were those with a
statistical p-value <0.20 for the differences in traditional CV
risk factors between patients and controls. To neutralize the
effect of other modifications on the lipid pattern, an additional
multivariable analysis was constructed, adding to the model
those differences in lipid-related molecules between patients
and controls with a p-value <0.20. Mediation analysis (18) was
used to further understand the associations of disease damage
score with ANGPTL4, LPL and ApoC3. Therefore, we attempted
to assess whether the relationship of the damage score with these
three molecules was mediated by another molecule. Mediation
analysis estimated two models as previously described (19): a
model for the mediator conditional on exposure and covariates
(indirect effect), and another model for the outcome conditional
on exposure, the mediator and covariates (direct effect). That is,
the direct effect is the effect of exposure on the outcome absent
the mediator; and the indirect pathway is the effect of exposure
on the outcome that works through the mediator. All the
analyses used a 5% two-sided significance level and were
performed using SPSS software, version 25 (IBM, Armonk,
NY, USA) and Stata software, version 17/SE (StataCorp,
College Station, TX, USA). P-values <0.05 were considered
statistically significant.
RESULTS

Demographic and Disease-Related Data
A total of 347 participants, 185 patients with SLE and 162
controls, were included in this study. Demographic- and
disease-related characteristics of the participants are shown in
Table 1. The patients and controls did not show differences in
age (52 ± 16 vs. 50 ± 11 years, p = 0.26) or in the frequency of CV
risk factors smoking, obesity and hypertension. However,
Frontiers in Immunology | www.frontiersin.org 3
patients with SLE had a lower BMI and abdominal
circumference compared to controls, and were less frequently
diabetic. Furthermore, although the use of statins did not differ
between patients and controls (25% vs. 27%, p = 0.72), patients
with SLE took aspirin more frequently (27% vs 10%,
p=0.001) (Table 1).

The median duration of the disease in patients with SLE was
15 ± 10 years. Most SLE patients were in the no activity (43%) or
mild activity (32%) categories as shown by the SLEDAI score.
SLICC and Katz indexes were 1 (IQR 1-3) and 2 (IQR 1-3),
respectively. Seventy-six percent of patients had a SLICC/ACR
DI score equal to or greater than 1, and 40% had a Katz index
equal to or greater than 3. Half of the patients (52%) were taking
prednisone. At time of recruitment, 69% patients were found to
be positive for anti-DNA, and 64% were positive for ENA, being
anti-Ro the most frequently found auto antibody (40%). Disease-
modifying antirheumatic drug use was reported in 78% of the
patients and 68% were taking hydroxychloroquine when the
study was conducted. Additional information on the data related
to SLE is shown in Table 1.

Multivariable Analysis of the Differences
in Lipid Profiles and ApoC3, LPL and
ANGPTL4 Between IBD Patients
and Controls
Lipid pattern differed widely between patients and controls in the
univariable analysis (Table 2). In this sense, triglycerides, LDL
cholesterol, LDL : HDL ratio, non-HDL cholesterol,
apolipoprotein B and atherogenic index were significantly
lower in patients with SLE compared to controls. Only HDL
cholesterol was the lipid molecule with a serum level significantly
higher than that of the controls. Patients and controls with LDL
higher than 150 mg/dl were, respectively, 10 and 20% (p=0.009)
(data not shown). Remarkably, ApoC3 was significantly lower,
and ANGPTL4 and LPL were higher in SLE patients than in
controls in this univariable analysis.

In the fully adjustment model (Model 1 in Table 2), most of
these differences between the two populations were maintained
with some exceptions. Following this procedure, HDL
cholesterol did not reveal differences between the two
populations, but LDL cholesterol, LDL: HDL ratio, non-HDL
cholesterol, and apolipoprotein B were significantly lower in
patients compared to controls. Remarkably, circulating
triglycerides were not different between both groups after this
multivariable analysis. Besides, the univariable differences in
triglycerides metabolism molecules were conserved: ApoC3
was significantly lower (beta coef. -1.3 [95%CI -1.7- -0.9] mg/
dl, <0.001), and ANGPTL4 (beta coef. 59 [95%CI 32-85] ng/ml,
p<0.001) and LPL (beta coef. 57 [95%CI 9-106] ng/ml, p=0.019)
were significantly higher in patients with SLE than in controls.

Since ApoC3, LPL, and ANGPTL4 may be influenced by other
lipid-related molecules, we performed an additional multivariable
analysis adjusting for demographic and CV risk factors plus all
lipid-related molecules that were found to be different between
patients and controls in the Model 1 analysis (Model 2 in Table 2).
Because of collinearity, lipid molecules derived from a formula
May 2022 | Volume 13 | Article 827355
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(LDL cholesterol, LDL : HDL ratio, non-HDL cholesterol, ApoB :
ApoA1, and atherogenic index) were excluded from the
regression models. However, similar results were observed in
Frontiers in Immunology | www.frontiersin.org 4
this final multivariable model. In this regard, ApoC3
remained significantly lower (beta coef. -1.2 [95%CI -1.6- -0.8)
mg/dl, <0.001), and ANGPTL4 (beta coef. 63 [95%CI
TABLE 1 | Characteristics of controls and SLE patients.

Controls SLE patients p
(n = 162) (n = 185)

Age, years 52 ± 16 50 ± 11 0.26
Women, n (%) 162 (100) 185 (100) -
Body mass index, kg/m2 30 ± 4 27 ± 6 <0.001
Abdominal circumference, cm 95 ± 7 92 ± 13 0.004
Systolic blood pressure, mmHg 124 ± 12 128 ± 20 0.035
Diastolic blood pressure, mmHg 82 ± 6 80 ± 11 0.083
Cardiovascular co-morbidity
Smoking, n (%) 26 (16) 43 (23) 0.094
Diabetes, n (%) 27 (17) 8 (4) 0.000
Hypertension, n (%) 51 (31) 71 (39) 0.17
Obesity, n (%) 47 (29) 50 (27) 0.68
Statins, n (%) 41 (25) 50 (27) 0.72
Aspirin, n (%) 9 (10) 49 (27) 0.001
Antihypertensive treatment, n (%) 51 (31) 66 (36) 0.41
SLE related data
Disease duration, years 15 ± 10
CRP, mg/dl 2.4 (1.3-5.8) 1.9 (0.04.4) 0.55
SLICC 1 (1-3)
SLICC >=1, n (%) 137 (76)
Katz Index 2 (1-3)
Katz >=3, n (%) 72 (40)
SLEDAI 2 (0-4)
SLEDAI categories, n (%)
No activity, n (%) 76 (43)
Mild, n (%) 58 (32)
Moderate, n (%) 30 (17)
High or Very High, n (%) 13 (7)

Auto-antibody profile
Anti-DNA positive, n (%) 91 (69)
ENA positive, n (%) 107 (64)
Anti-Ro, n (%) 59 (40)
Anti-La, n (%) 29 (19)
Anti-RNP, n (%) 45 (28)
Anti-Sm, n (%) 20 (12)

Antiphospholipid autoantibodies, n (%)
Lupus anticoagulant, n (%) 36 (24)
ACA IgM, n (%) 19 (13)
ACA IgG, n (%) 31/21)
Anti beta2 glycoprotein IgM, n (%) 13 (9)
Anti beta2 glycoprotein IgG, n (%) 21 (15)

C3, mg/dl 141 ± 55
C4, mg/dl 26 ± 14
Current prednisone, n (%) 95 (52)
Prednisone, mg/day 5 (5-7.5)
DMARDs, n (%) 142 (78)
Hydroxychloroquine, n (%) 123 (68)
Methotrexate, n (%) 22 (12)
Mycophenolate mofetil, n (%) 13 (7)
Azathioprine, n (%) 27 (15)
Rituximab, n (%) 6 (3)
Belimumab, n (%) 3 (2)
May 2022 | Volume 13 | Article
Data represent mean ± SD or median (interquartile range) when data were not normally distributed.
BMI, body mass index; C3 C4, complement; CRP, C reactive protein; LDL, low-density lipoprotein.
DMARD, disease-modifying antirheumatic drug; ACA, anticardiolipin.
HDL, high-density lipoprotein; ANA, antinuclear antibodies; ENA, extractible nuclear antibodies
SLEDAI, Systemic Lupus Erythematosus Disease Activity Index.
SLEDAI categories were defined as: 0: no activity; 1-5 mild; 6-10 moderate; >10 activity
SLICC, Systemic Lupus International Collaborating Clinics/American Colleague of Rheumatology Damage Index. Significant values are depicted in bold.
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35-90] ng/ml, <0.001) and LPL (beta coef. 79 [95%CI 30-128]
ng/ml, p=0.002) significantly higher in SLE patients compared
to controls.

Relationship of Disease-Related Data to
Key Molecules of Triglyceride Metabolism
The relationship of the characteristics of the disease with the key
molecules of triglyceride metabolism is shown in Table 3. The
duration of the disease and the autoantibody pattern of the patients
with SLE were not associated with the levels of any of the three
molecules. However, other relationships were found to be
significant. For example, CRP levels were associated with
elevated LPL levels; and serum complement levels, both C3 and
C4, showed a significant positive association with ApoC3 and
negative association with LPL, respectively. Regarding therapies
that patients were taking at the time of the study, the use of
hydroxychloroquine showed a significant negative relationship
with both ApoC3 and LPL. Additionally, prednisone intake was
associated with an elevation in circulating LPL and ApoC3.
Remarkably, SLICC damage score disclosed a positive relation to
both APOC3 and LPL in the univariable analysis. This was not the
case for the SLEDAI index that measures short-term
disease activity.

Consequently to the relation of hydroxychloroquine and
prednisone to triglyceride metabolism molecules, an additional
analysis of the differences in ApoC3, LPL and ANGPTL4 between
controls and SLE patients was performed dividing patients by the
intake of hydroxychloroquine and prednisone (Table 4).
According to this analysis, ApoC3, LPL and ANGPTL4
maintained their differences despite the use of these drugs.
Therefore, the differences between patients and controls in the
triglyceride key molecules cannot be attributed to the use of
hydroxychloroquine or prednisone.
Frontiers in Immunology | www.frontiersin.org 5
Multivariable Relationship of Disease
Damage Index to ApoC3, LPL and
ANGPTL4 and Mediation Analysis of
These Relations
SLICC score was independently associated with LPL in the
multivariable analysis (beta coef. 23 [95%CI 10-35] ng/ml,
p=0.001). This was not the case for ANGPTL4 and ApoC3,
although in the case of ApoC3 the multivariable analysis showed
a trend to be significant (beta coef. 0.7 [95%CI -0.3-0.17] mg/dl,
p=0.15) (Table 5).

Since ApoC3 and LPL are interrelated molecules, the
aforementioned associations of SLICC with both molecules
were tested to analyze if one mediated the relationship of
SLICC with the other. In this sense, the relationship of SLICC
with ApoC3 was tested to analyze if LPL mediated this
relationship; and the mediation of ApoC3 in the relationship
of SLICC with LPL was also evaluated. Remarkably, in the
multivariable analysis, ApoC3 was found not to mediate the
relationship of SLICC to LPL (indirect effect, beta coef. 3 [95%CI
-1-6] ng/ml, p=0.18). However, the LPL mediation in the
relationship of SLICC to ApoC3 showed a significant value
(indirect effect, beta coef. 0.05 [95%CI 0.01-0.09] mg/dl,
p=0.011) (Table 5).
DISCUSSION

Our study indicates that the alterations in the lipid profile of
patients with SLE include the modification of molecules of the
pathways involved in the metabolism of triglycerides. Disease
damage over time was associated with disruption of the ApoC3-
ANGPTL4-LPL axis. We believe that the damage of the disease
TABLE 2 | Multivariable analysis of the differences in lipid profile and angiopoietin like protein 4, apolipoprotein C3 and lipoprotein lipase serum levels between SLE
patients and controls.

Controls SLE patients Univariable Model #1 Model #2
(n = 162) (n = 185) model beta coef. (95% CI), p beta coef. (95% CI), p

Lipid profile p
Cholesterol, mg/dl (NR 120-220) 201 ± 46 200 ± 36 0.75
Triglycerides, mg/dl (NR 50-200) 140 ± 65 125 ± 69 0.038 -11 (-30-8), 0.24
HDL cholesterol, mg/dl (NR >35) 55 ± 15 64 ± 21 <0.001 4 (-2-9), 0.18
LDL cholesterol, mg/dl (NR <150) 118 ± 37 111 ± 29 0.046 -14 (-23- -5), 0.002
LDL : HDL cholesterol ratio (NR <3) 2.26 ± 0.84 1.91 ± 0.76 <0.001 -0.34 (-0.56- 0.13), 0.002
Non-HDL cholesterol, mg/dl (NR <130) 146 ± 42 136 ± 33 0.012 -16 (-26- -6), 0.002
Lipoprotein (a), mg/dl (NR <30) 43 (15-112) 40 (13-107) 0.56
Apolipoprotein A1, mg/dl (NR 115-220) 183 ± 40 180 ± 38 0.54
Apolipoprotein B, mg/dl (NR 60-140) 103 ± 31 95 ± 24 0.006 -15 (-23- -8), <0.001
Apo B:Apo A ratio (NR <0.9) 0.58 ± 0.18 0.55 ± 0.17 0.070
Atherogenic index (NR <6) 3.84 ± 1.06 3.39 ± 1.09 <0.001 -0.40 (-0.69- -0.10), 0.010
Angiopoietin like protein 4, ng/ml 72 (46-114) 86 (50-149) 0.050 59 (32-85), <0.001 63 (35-90), <0.001
Apolipoprotein C3, mg/dl 4.2 (2.5-6.9) 1.7 (1.2-2.6) <0.001 -1.3 (-1.7- -0.9), <0.001 -1.2 (-1.6- -0.8), <0.001
Lipoprotein lipase, ng/ml 281 ± 162 372 ± 189 <0.001 57 (9-106), 0.019 79 (30-128), 0.002
May 2022 | Vo
Data represent mean ± standard deviation or median (interquartile range) when data were not normally distributed.
HDL, high-density lipoprotein; LDL, low-density lipoprotein; NR, Normal range.
Model #1: Adjusted for body mass index, abdominal circumference, hypertension, diabetes, and aspirin intake (variables with a p value < 20 difference between patients and controls).
Model #2: Adjusted for model #1 + rest of lipid molecules with a p value < 0.20 of Model 1.
Because collinearity LDL cholesterol, LDL, HDL ratio, non-HDL cholesterol, apoB:apoA, and atherogenic index were excluded of the multivariable analyses in model 2. Significant values
are depicted in bold.
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TABLE 4 | Multivariable analysis of the differences in angiopoietin like protein 4, apolipoprotein C3 and lipoprotein lipase serum levels between controls and SLE
patients divided by the intake of hydroxycloroquine and prednisone.

beta coef. (95% CI), p

Hydroxychloroquine

Not Yes

Angiopoietin like protein 4, ng/ml 57 (27-88), <0.000 60 (32-87), <0.001
Apoliprotein C3, mg/dl -0.7 (-1.4- -0.07), 0.031 -1.4 (-1.9- -1.0), <0.001
Lipoprotein lipase, ng/ml 113 (44-182), 0.002 72 (24-120), 0.004

Prednisone

Not Yes

Angiopoietin like protein 4, ng/ml 61 (33-89), <0.001 61 (30-93), <0.001
Apoliprotein C3, mg/dl -1.2 (-1.7- -0.7), <0.001 -1.3 (-1.8- -0.7), <0.001
Lipoprotein lipase, ng/ml 68 (21-115), 0.005 116 (51-182), 0.001
Frontiers in Immunology | www.frontiersin.org
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Beta coefficients relate to controls as the reference category. Significant values are depicted in bold.
Adjusted for body mass index, abdominal circumference, hypertension, diabetes, aspirin intake, HDL-cholesterol and apolipoprotein B.
TABLE 3 | Disease related data association with triglyceride metabolism key molecules.

ANGPTL4, ng/ml ApoC3, mg/dl LPL, ng/ml
beta coef. (95%CI)

Disease duration, years -0.73 (-2.46-1.00) 0.40 0.03 (0.00-0.04), 0.067 2 (-1-5), 0.23
CRP, mg/dl 0.92 (-0.11-1.95), 0.081 0.00 (-0.05-0.04), 0.91 5 (3-7), <0.001
SLICC 2 (-6-10), 0.61 0.15 (0.05-0.25), 0.002 34 (22-46), <0.001
SLICC >=1 -4 (-44-36), 0.85 0.52 (0.06-0.97), 0.025 95 (32-158), 0.003
Katz Index 5 (-4-14), 0.24 0.06 (-0.05-0.16), 0.26 21 (7-35), 0.004
Katz >=3 13 (-23-48), 0.48 -0.14 (-0.55-0.26), 0.48 51 (-4-107), 0.070
SLEDAI 3 (-1-7), 0.18 0.28 (-0.02-0.08), 0.28 7 (-1-14), 0.073
SLEDAI categories
No activity ref. ref. ref.
Mild 23 (-15-62), 0.23 0.38 (-0.08-0.85), 0.10 51 (-14-116), 0.12
Moderate 16 (-32-64), 0.51 -0.02 (-0.60-0.56), 0.94 48 (-31-128), 0.23
High or Very High 47 (-18-112), 0.15 0.57 (-0.21-1.35), 0.15 110 (0-221), 0.051

Auto-antibody profile
Anti-DNA positive -14 (-61-32), 0.54 -0.10 (-0.55-0.36), 0.67 -23 (-89-43), 0.49
ENA positive 15 (-18-49), 0.37 -0.08 (-0.51-0.35), 0.70 10 (-44-64), 0.71
Anti-Ro 8 (-28-43), 0.67 -0.26 (-0.72-0.20), 0.26 3 (-55-61), 0.91
Anti-La -7 (-50-36), 0.74 -0.31 (-0.87-0.26), 0.28 8 (-64-80), 0.83
Anti-RNP 13 (-25-51), 0.49 -0.05 (-0.52-0.43), 0.85 -35 (-95-25), 0.25
Anti-Sm 12 (-38-63), 0.64 -0.50 (-1.12-0.12), 0.11 -39 (-119-42), 0.35

Antiphospholipid antibodies
Lupus anticoagulant 7 (-33-48), 0.72 -0.03 (-0.56-0.49), 0.91 16 (-45-77), 0.61
ACA IgM -32 (-80-16), 0.19 -0.19 (-0.87-0.49), 0.58 -28 (-117-63), 0.55
ACA IgG -10 (-50-30), 0.62 0.14 (-0.42-0.69), 0.63 -20 (-94-54), 0.60
Anti beta2 glycoprotein IgM -46 (-106-13), 0.13 -0.13 (-0.92-0.67), 0.75 -18 (-125-90), 0.75
Anti beta2 glycoprotein IgG -0.55 (-48-47), 0.98 0.36 (-0.28-1.01), 0.27 14 (-73-101), 0.75

C3, mg/dl 0.00 (-0.21-0.21), 0.98 0.03 (0.02-0.04), <0.001 -0.33 (-0.68-0.02), 0.063
C4, mg/dl 0.22 (-0.61-1.05), 0.60 0.10 (0.07-0.14), <0.001 -1.97 (-3.31- -0.62), 0.004
Current prednisone 5 (-29-39), 0.76 0.15 (-0.24-0.54), 0.44 89 (31-140), 0.002
Prednisone, mg/day 4 (-5-12), 0.38 0.10 (0.02-0.18), 0.011 9 (-4-22), 0.19
Hydroxychloroquine -7 (-42-29), 0.71 -0.54 (-0.96- -0.12), 0.012 -76 (-133- -18), 0.010
Methotrexate 24 (-29-78), 0.37 -0.13 (-0.73-0.47), 0.67 -2 (-87-83), 0.97
Mycophenolate mofetil 18 (-48-82), 0.61 -0.22 (-0.96-0.52), 0.55 50 (-57-157), 0.36
Azathioprine 28 (-19-76), 0.24 0.28 (-0.27-0.83), 0.32 27 (-51-104), 0.50
Rituximab -13 (-107-80), 0.78 -0.51 (-2-1), 0.35 53 (-102-207), 0.50
Belimumab -62 (-193-69), 0.35 0.25 (-1.24-1.74), 0.74 104 (-113-321), 0.35
Angiopoietin like protein 4 (ANGPTLY4), Apolipoprotein C3 (ApoC3) and Lipoprotein lipase are dependent variables in this analysis. Beta coef. higher than 1.00 are shown without
decimals.
C3 C4, complement; CRP, C reactive protein; DMARD, disease-modifying antirheumatic drug; ACA, anticardiolipin; DMARD, disease-modifying antirheumatic drug; ACA, anticardiolipin;
ANA, antinuclear antibodies; ENA, extractible nuclear antibodies. SLEDAI, Systemic Lupus Erythematosus Disease Activity Index. SLEDAI categories were defined as, 0, no activity; 1-5
mild; 6-10 moderate; >10 activity
SLICC, Systemic Lupus International Collaborating Clinics/American Colleague of Rheumatology Damage Index. Significant values are depicted in bold.
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primarily affects LPL, with LPL disruption probably being
the reason for the subsequent modification of ApoC3
and ANGPTL4.

In our work, after multivariable analysis, LDL, non-HDL and
LDL : HDL cholesterol ratio, were lower in patients compared to
controls. This is in agreement with what has been called ‘lipid
paradox’ described in inflammatory states. Nevertheless, other
modifications in lipid profiles of patients with SLE described in
other works were not found in our study. We believe this may
probably be the consequence that most patients in our series
were in remission or had low disease activity. We think that this,
far from being a weakness of our work, may reinforce our
findings since, for this reason, the differences between patients
and controls in the three molecules of triglyceride metabolism
cannot be attributed to differences between both populations in
other lipid molecules.

In our study, the direction of the modification of the axis of
the three molecules was that ApoC3 was decreased, and
ANGPTL4 and LPL increased. However, an exact sense of the
axis alteration cannot be clearly concluded, since ApoC3 and
ANGPTL4 inhibit LPL under physiological conditions, and the
latter, in our study, was found to be elevated in patients with SLE.
Besides, the relation of some SLE features to the three molecules
or the axis could be considered contradictory. For example, CRP
levels were associated with elevated LPL levels; and serum
complement levels, both C3 and C4, showed a significant
negative association with LPL. Moreover, despite the
disruption of the three molecules, triglycerides serum levels
were not different between patients and controls after fully
multivariable adjustment. We do not have an exact explanation
for the fact that the ApoC3, ANGPTL4 and LPL axis was altered
without affecting circulating triglycerides. We believe that future
studies are justified to precisely define the real significance of the
alteration of this axis in the lipid pattern and CVD of patients
with SLE.
Frontiers in Immunology | www.frontiersin.org 7
ApoC3 serum levels in SLE patients have not been extensively
studied before. In a previous work, in a study that included 17
healthy subjects and 33 patients, ApoC3 levels were significantly
elevated in lupus nephritis patients compared to controls or non-
renal SLE patients (20). In contrast, in our current work,
circulating ApoC3 was found to be down-regulated in SLE
patients. We believe that our larger sample size, and the
possibility of performing multivariate analysis, allowed us to
draw more precise conclusions about the expression of ApoC3 in
SLE. In another report that evaluated the association of ApoC3
with subclinical atherosclerosis in 58 patients with SLE, no
atherogenic effect of ApoC3 was found (21). However, this
work did not study its role in the inflammatory dyslipidemia
of SLE patients.

Although ANGPTL4 has not been studied before in SLE, LPL
has received some attention in previous work in SLE. Anti-LPL
antibodies, which have been shown to have anti-LPL activity,
have been described in up to 50% of patients with SLE (22).
These antibodies are believed to impair LPL activity, resulting in
increased triglycerides levels in SLE patients (23).. In our study
patients with SLE showed higher level of LPL compared to
controls. It is known that although serum LPL is catalytically
inactive, its mass reflects the level of systemic LPL biosynthesis
and there is a correlation between mass and LPL activity (24).
For this reason, our results are contradictory with what was
previously published. However, LPL activity, and not its mass,
has been previously assessed in patients with SLE. We believe
that studies in SLE patients that simultaneously determine LPL
mass and activity are needed to draw conclusive assumptions
about how the two are related in this disease.

The complement system has been reported to provide a link
between systemic metabolic disorders, such as low-grade
inflammation, insulin resistance, and dyslipidemia, and the
presence of CVD (25). A possible relationship between the
complement system and metabolism and/or function of
TABLE 5 | Disease damage relationship with triglycerides metabolism molecules. .

ANGPTL4, ng/ml ApoC3, mg/dl LPL, ng/ml
beta coef. (95%CI)

SLICC
Univariable 2 (-6-10), 0.61 0.2 (0.01-0.2), 0.002 34 (22-46), <0.001
Multivariable 0.7 (-0.3-0.17), 0.15 23 (10-35), 0.001

Mediation analysis
SLICC relation to ApoC3 SLICC relation to LPL

mediated by LPL* mediated by ApoC3**
Univariable
Direct effect 0.06 (-0.03-0.16), 0.19 22 (10-34), <0.001
Indirect effect 0.10 (0.05-0.15), 0.000 7 (2-13), 0.008
Total effect 0.16 (0.06-0.26), 0.001 30 (17-42), <0.001
Multivariable
Direct effect 0.03 (-0.07-0.13), 0.51 14 (3-27), 0.016
Indirect effect 0.05 (0.01-0.09), 0.011 3 (-1-6), 0.18
Total effect 0.08 (-0.02-0.18), 0.10 17 (5-30), 0.007
May 2022 | Volum
ANGPTL4, Angiopoietin like protein 4; ApoC3, Apolipoprotein C3, LPL, Lipoprotein lipase.
SLICC, Systemic Lupus International Collaborating Clinics/American Colleague of Rheumatology Damage Index.
Multivariable analysis is adjusted for age, body mass index, hypertension and statins intake. Significant values are depicted in bold.
*Mediation analysis of the relation of SLICC to ApoC3 is performed using LPL as the mediator.
**Mediation analysis of the relation of SLICC to LPL is performed using ApoC3 as the mediator.
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circulating lipoproteins has been previously described (26, 27).
More specifically, the alternative complement pathway, and most
prominently C3, has been associated with an adverse lipoprotein
subclass profile that is characterized by more triglyceride-enriched
lipoproteins but less large HDL (27). In our study we found that C3
and C4 complement factors were correlated positively with ApoC3
and negatively with LPL. Given that SLE is associated with
complement consumption, these relationships had the same
direction as that observed in the comparison between patients
and controls. Therefore, we hypothesize that the activation of the
complement system that occurs in SLE is probably responsible, at
least to same extent, for the alterations found, in our study, in the
axis of these three molecules. We observed an effect of
hydroxychloroquine use on levels of ApoC3. This is in
agreement with previous reports that showed a favorable
metabolic effect of hydroxychloroquine on lipid profile.
Consistent with our findings, in a previous study of 18 patients
with SLE, those taking hydroxychloroquine had lower serum levels
of ApoC3 (28). Interestingly, despite the effect of
hydroxychloroquine and prednisone on ApoC3 and LPL,
patients not taking these drugs also disclosed the same
differences to controls as the hole SLE population.

In our work, it was found that the effect of disease damage on
ApoC3 is indirect and mediated by LPL. On the contrary, the
mediation of LPL, in the relationship between SLICC and ApoC3,
was not significant. Therefore, we hypothesize that the effect of
SLICC on LPL may be the main direct effect that is disturbing the
entire axis of the three molecules in SLE patients.

We acknowledge some limitations of our study. We have
only included women in our work. For this reason, we cannot
rule out that men with SLE may have some different alteration
in the axis of the three molecules. Furthermore, as mentioned
above, we also recognize as another potential limitation that we
have measured LPL serum levels and not its enzymatic activity.
Furthermore, the cross-sectional design of our study does not
allow us to infer causality. For this reason, prospective studies
regarding triglycerides metabolism are warrant in the future to
confirm our findings. We also recognize that there are other
molecules and metabolic pathways related to triglycerides that
have not been studied in our work. We have focused on these
three molecules because their known relationship with CV
disease in general population. We believe that, after the
findings of our work, the study of other physiological
pathways of triglyceride metabolism in SLE is needed to
Frontiers in Immunology | www.frontiersin.org 8
further understand the exact mechanisms that lead to this
triglyceride metabolism disruption.

In conclusion, the ApoC3, ANGPLT4 and LPL axis is
disrupted in patients with SLE. The alteration of these key
molecules of triglyceride metabolism is independent of other
changes that the disease exerts on standard lipid profile molecules.
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