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Abstract
Objective
Systemic lupus erythematosus (SLE) pregnancies are considered high-risk due to risk of disease flare and pregnancy

complications. A more in-depth understanding of the immunological alterations in SLE patients during pregnancy
and identification of predictive biomarkers may help to achieve stable disease and to avoid pregnancy complications.
Lipocalin-2 (LCN2) has been implicated as a potential biomarker for rheumatic diseases and preeclampsia,

but remains unexplored in SLE pregnancies.

Methods
We measured LCN2 levels in serum samples from SLE pregnancies (n=25) at seven different time points. Samples

were taken preconception, in each trimester, at 6 weeks, 6 months and 12 months postpartum. Serum LCN2 levels were
compared to samples from rheumatoid arthritis (RA) (n=27) and healthy (n=18) pregnancies at each time point using
t-test, and for all time points using a linear mixed effects model. In addition, we investigated the association between
LCN?2 levels and disease activity, CRP, kidney function, BMI, treatment regimen and adverse pregnancy outcome for

SLE and RA patients.

Results

We found significantly lower serum LCN2 levels throughout pregnancy in SLE patients with quiescent disease
compared to RA and healthy pregnancies. We did not find an association between serum LCN2 and disease activity

or adverse pregnancy outcome in SLE pregnancies.

Conclusion
In a population of SLE women with low disease activity we have not found evidence that serum LCN2 levels predict
disease activity or adverse pregnancy outcomes. Further studies are needed to elucidate a possible biological role

of low LCN2 levels in SLE pregnancies.
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Introduction

Systemic lupus erythematosus (SLE) is
an autoimmune disease mainly affect-
ing women in their reproductive years.
About 50% of women with SLE have
disease flares during or after pregnancy
(1, 2). In well-regulated SLE pregnan-
cies, disease activity is low or absent
during pregnancy, but found to increase
six to twelve months postpartum (3).
Pregnancies in women with SLE are
considered high risk due to associa-
tion with pregnancy complications and
foetal morbidity (4, 5). Therefore, it is
important to secure stable disease with
low disease activity before pregnancy
to prevent both disease flare and preg-
nancy complications. Biomarkers to
predict disease flares and a more in-
depth understanding of the immuno-
logical alterations during SLE pregnan-
cies, are required to achieve the goal
of stable disease throughout pregnancy
and to avoid pregnancy complications.
Lipocalin-2 (LCN2) has become in-
creasingly relevant as a potential bio-
marker for inflammatory diseases, in-
cluding rheumatic diseases and preec-
lampsia (6, 7). LCN2, also known as
neutrophil gelatinase-associated lipoca-
lin (NGAL) is a glycoprotein with
multiple immune functions. Originally,
LCN2 was described as acute-phase
protein of the innate immune system
that limits bacterial growth by limiting
access to iron (8). Other LCN2 func-
tions that were discovered in later years
include a role as pro-inflammatory adi-
pokine in metabolic diseases and in the
adaptive immune system by inducing
immune tolerance (6, 9). So far, most
studies in SLE, have investigated urine
LCN2 in lupus nephritis. A review ar-
ticle from 2020, identified urine LCN2
as a useful biomarker for diagnosis of
nephritis, renal activity and prediction
of renal flares (10). Only a few stud-
ies have explored a possible role of
blood LCN2 as biomarker in SLE pa-
tients (11-17). A study in juvenile SLE
showed that increase in plasma LCN2
anticipated worsening of both global
disease activity and renal disease (11).
Until now, LCN2 in SLE pregnancies
have not been explored.

The objective of this study was to in-
vestigate the role of LCN2 in SLE preg-

nancies compared to RA and healthy
pregnancies. First LCN2 levels at dif-
ferent time points in pregnancy and
postpartum period were analysed and
compared for the three groups. Then the
association between LCN2 levels and
disease activity, CRP, kidney function,
medication, body mass index (BMI)
and adverse pregnancy outcome (APO)
was analysed. Our hypothesis was that
LCN2 levels were associated with dis-
ease activity in pregnant SLE women
and that LCN2 levels differ between
SLE, RA and healthy controls.

Methods

The RevNatus biobank, RevNatus
registry and patient population

The RevNatus registry is a Norwegian
multicentre prospective quality registry
following women with inflammatory
rheumatic disease from preconception
until one year postpartum (18). The
women included at St. Olavs Univer-
sity Hospital, Trondheim give blood
samples to the RevNatus biobank. In
this study, patients were included from
the RevNatus registry and biobank with
the diagnosis of SLE and RA. Patient
diagnosis was set by a rheumatologist,
with the corresponding ICD-10 codes
M32.1, M32.8 and M329 for SLE
and M06.0, M05.8 and M05.9 for RA.
Eighteen healthy pregnant women were
recruited from local general practition-
ers’ offices and via the St. Olavs Uni-
versity Hospital website.

Ethics

This study is approved by the Region-
al Committee for medical and health
research ethics of Central Norway
(REK-no.: 2015/2014-1). All women
included in the RevNatus registry, and
the research biobank have given their
informed written consent.

Blood serum samples

We analysed serum samples from the
RevNatus biobank in this study. Serum
samples from women with SLE and RA
were collected at seven different time
points: before pregnancy (time point
0), in each trimester: week 10-12, week
23-25 and week 32-35 (time points
1-3) and 6 weeks, 6 months and 12
months postpartum (time points 4—6).
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From healthy pregnant women we ana-
lysed serum samples from each trimes-
ter, 6 weeks and 6 months postpartum
(time points 1-5). Serum samples were
processed and stored frozen at -80 °C by
Biobank1®, regional research biobank
in Mid-Norway, until use.

Clinical variables

Clinical variables collected from the
RevNatus registry were disease dura-
tion, previous pregnancies, BMI, CRP,
disease activity, kidney function, use of
medication and APO.

CRP values were measured at each visit.
We defined all values <5 mg/I (the lower
detection limit) as 2 mg/l. Kidney func-
tion was reported as creatinine in pmol/l
at each visit.

Disease activity in SLE patients was
evaluated by the Lupus Activity Index
in Pregnancy (LAI-P), a modification of
the Lupus Activity Index (LAI) validat-
ed for use in pregnancy (19). Disease ac-
tivity was assessed on a scale from O (in-
active disease) to 2.6 (very high disease
activity), with a score above 0.5 consid-
ered moderate/high disease activity. We
defined 3 groups of disease activity in
SLE: None (LAI-P=0), low (LAI-P >0
to <0.5), moderate/high (LAI-P >0.5).
In RA disease activity was evaluated
using the 3-variable Disease Activity
Score in 28 joints (DAS28) using the
CRP level (20). The 3-variable DAS28-
CRP is considered to be the best index
for evaluating disease activity in preg-
nant women with RA (21). Disease ac-
tivity categories were defined according
to the EULAR (European Alliance of
Associations for Rheumatology) crite-
ria using DAS28-score CRP as: Remis-
sion (DAS28-CRP <2.6), low disease
activity (DAS28-CRP >2.6 to <3.2),
moderate disease activity (DAS28-CRP
>3.2 to <5.1), and high disease activity
(DAS28-CRP >5.1) (22).

The medication variable was divided
into two variables. The first was predni-
solone use (yes/no) and the second was
use of synthetic and/or biologic dis-
ease-modifying anti-rheumatic drugs
(DMARDs). The medication variable
synthetic and/or biologic DMARDs
was further divided into three levels for
SLE and RA pregnancies. In RA, the
medication variable was divided into;
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Number of pregnancies with serum samples
in the biobank:
SLE n=28
RA n=34 Exclusion:
Not pregnant during study:
—e
' Spontanous abortion:
Number of pregnancies included in the study: SLE  n=1
SLE n=25
RA n=27

l

Number of SLE pregnancies with serum
samples at the following time points:
Preconception h=6

1= trimester n=20

2" trimester n=19

3 trimester n=18

6 weeks postpartum n=15

6 months postpartum n=13

12 months postpartum n=13
Total number of samples N=104

Number of RA pregnancies with serum
samples at the following time points:
Preconception n=13

1% trimester n=17

2" trimester n=19

3 trimester n=12

6 weeks postpartum n=10

6 months postpartum n=13

12 months postpartum n=13
Total number of samples N=97

Fig. 1. Flow chart showing inclusion of SLE and RA pregnancies and number of serum samples at

each time point.

no use of DMARDs = 0, use of a syn-
thetic DMARDs = 1, use of biologic
DMARDSs = 2. In SLE, the medication
variable was divided into; no use of
DMARDs = 0, use of hydroxychloro-
quine = 1, use of azathioprine = 2.

We defined APO as preeclampsia/
eclampsia, and/or preterm birth < week
37, and/or low birth weight <2500
gram. Preterm birth and/or low birth
weight caused by infections, premature
preterm rupture of membranes, chro-
mosomal abnormality and anatomical
malformations were excluded.

LCN2 assay

Serum samples were diluted 1:120 in
phosphate-buffered saline (PBS) with
1% bovine serum albumin. Samples
were analysed for LCN2 in random
order using a commercially available
ELISA kit according to the manufac-
turer’s protocol (DuoSet ELISA Hu-
man Lipocalin-2/NGAL, R&D Sys-
tems, Minneapolis, USA). A standard
curve for LCN2 was performed on
each assay plate. Sample analysis was

performed in triplicates from which the
mean LCN2 was calculated and used in
further statistical analyses.

Statistical analyses

LCN2 levels were log-transformed
(base 10) in all statistical analyses, so
that observations or residuals from
statistical models were approximately
normally distributed assessed by his-
tograms and quantile-quantile plots.
Log-LCN2 levels were used to perform
t-tests to compare two groups (SLE vs.
healthy, SLE vs. RA, RA vs. healthy)
at each time point. The same data was
also analysed using linear mixed ef-
fects models (LMM) for all time points
together. Here diagnosis (three levels:
SLE, RA and healthy) and time point
0-6 for SLE and RA and time point
1-5 for healthy were included as fixed
effects. In the LMM models measure-
ments from the same pregnancy were
modelled with a random intercept in
pregnancy. In total 70 pregnancies in 64
women were included, six women had
two pregnancies.

Clinical and Experimental Rheumatology 2023
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Table I. Characteristics of study population (n=number of pregnancies).

Characteristics SLE (n=25) RA (n=27) Healthy (n=18)
Age, mean + SD (years) 300+5.7 32040 30125
Disease duration, mean + SD (years) 6.52+4.12 6.74 £4.96 na.
BMI in 1* trimester, mean + SD 23.8+30 268 +4.7 235+4.7
Creatinine pmol/l in 1* trimester, median (Q1-Q3) 51 (47-54) 47 (41-51) -
Nulliparous* n (%) 9 (36) 12 (44.4) 7 (38.9)
Adverse pregnancy outcome (APO) n (%) 2 (8) 4 (15) 0 (0)

*Never given birth to a live child.

Associations between log-LCN2 and
BMI in SLE, RA and healthy in 1%, 2
and 3" trimester in pregnancy (time
points 1-3) were analysed using LMM
in three separate analyses. The analysis
was restricted to time points 1-3 since
we only had BMI measurements from
healthy at these time points. In addi-
tion, the overall association between
log-LCN2 and BMI for all three groups
were evaluated using LMM, again with
pregnancy as a random intercept.

Data from the SLE and RA pregnan-
cies alone were in addition analysed
with a LMM model where the follow-
ing explanatory clinical variables were
included as fixed effects: time point

(factor with levels 0-6), diagnosis
(SLE or RA), BMI (continuous meas-
urement), CRP (continuous measure-
ment), disease activity (three levels),
medication variables (prednisolone use,
synthetic and biologic DMARDs) and
adverse pregnancy outcome (O=normal,
1=APO). Kidney function was normal
for all SLE and RA women and there-
fore not included in the LMM analysis.
In total 52 pregnancies in 46 women
were included; six women had two
pregnancies.

A significance level of 0.05 was used.
Data wrangling was done in R (23).
Statistical analyses were performed in
SPSS v. 27.0.1.0 (IBM). Graphs and

plots were produced using GraphPad
Prism (v. 9.1.2, GraphPad Software,
Inc.)

Results

Patient inclusion data

and characteristics

We included 25 SLE pregnancies in 23
women; three of the 28 pregnancies in
the biobank were excluded because the
women had not conceived (n=2) at the
time of analysis or had a spontaneous
abortion (n=1) (Fig. 1). The mean age
of SLE women was 30.0 years with a
mean disease duration of 6.5 years.
As control populations, we included
27 RA pregnancies in 23 women and
18 healthy pregnancies in 18 women.
Seven RA pregnancies were excluded
because they had not conceived. The
mean age of women in the RA group
was 32.0 years, while in the healthy
women group 30.1 years (Table I). The
mean BMI in the SLE and healthy preg-
nant group in the 1% trimester was 23.8
and 23.5, respectively (Table I). In the
RA group, mean BMI was 26.8 in the 1*
trimester. All SLE women had normal

Table II. Disease activity, medication and CRP from preconception until 12 months postpartum in SLE and RA.

Preconception 1% trimester 2" trimester 3 trimester 6 weeks 6 months 12 months
postpartum postpartum postpartum

SLE
Disease activity, number/total number (%)
None 5/6 (83) 12/20 (60) 17/19 (89) 16/18 (89) 14/15 (93) 7/13 (54) 10/13 (77)
Low 1/6 (17) 8/20 (40) 2/19 (11) 2/18 (11) 1/15 (7) 6/13 (46) 3/13 (23)
Moderate 0/6 (0) 0/20 (0) 0/19 (0) 0/18 (0) 0/15 (0) 0/13 (0) 0/13 (0)
Immunosuppressive medication, number/total number (%)
Synthetic DMARDs 5/6 (83) 19/20 (95) 18/19 (95) 17/18 (94) 15/15 (100) 12/13 (92) 12/13 (92)
Biologic DMARDs 0/6 (0) 0/20 (0) 0/19 (0) 0/18 (0) 0/15 (0) 0/13 (0) 0/13 (0)
Prednisolone 1/6 (17) 8/20 (40) 9/19 (47) 8/18 (44) 9/15 (60) 8/13 (62) 7/13 (54)
No medication 1/6 (17) 0/20 (0) 1/19 (5) 1/18 (6) 0/15 (0) 1/13 (8) 1/13 (8)
CRP mg/l, median (Q1-Q3) 2 (2-2) 2 (2-2) 2 (2-2) 2 (2-2) 2 (2-2) 2 (2-2) 2 (2-2)
RA
Disease activity, number/total number (%)
Remission 5/13 (38) 10/17 (59) 12/19 (63) 8/12 (67) 4/10 (40) 7/13 (54) 5/13 (38)
Low 3/13 (23) 1/17 (6) 2/19 (11) 1/12 (8) 5/10 (50) 5/13 (38) 4/13 (31)
Moderate 5/13 (38) 6/17 (35) 5/19 (26) 3/12 (25) 1/10 (10) 1/13 (8) 4/13 (31)
Immunosuppressive medication, number/total number (%)
Synthetic DMARDs 13/13 (100) 5/17 (29) 13/19 (68) 10/12 (83) 7/10 (70) 11/13 (85) 10/13 (77)
Biologic DMARDs 8/13 (62) 5/17 (29) 3/19 (16) 4/12 (33) 3/10 (30) 6/13 (46) 6/13 (46)
Prednisolone 4/13 (31) 3/17 (18) 6/19 (32) 6/12 (50) 5/10 (50) 5/13 (38) 3/13 (23)
No medication 0/13 (0) 8/17 (47) 5/19 (26) 2/12 (17) 2/10 (20) 1/13 (8) 3/13 (23)
CRP mg/l, median (Q1-Q3) 2 (2-9) 2 (2-14) 2 (2-10) 2 (2-6) 2 (2-2) 2 (2-2) 2 (2-2)

Values for disease activity and medication are number/total number (%).
In SLE we evaluated disease activity using LAI-P: None (LAI-=0), low (LAI-P > 0 to <0.5) and moderate (LAI-P >0.5). In RA we used DAS28-CRP:
Remission (DAS28-CRP <2.6), low disease activity (DAS28-CRP >2.6 to <3.2), moderate disease activity DAS28-CRP >3.2 to <5.1).

Clinical and Experimental Rheumatology 2023
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Fig. 2. Serum LCN2 levels in SLE, RA and healthy pregnancies.
LCN2 was measured in serum from SLE, RA and healthy study participants at seven time points before, during and after pregnancy.
A: Serum LCN2 concentration in SLE, RA and healthy pregnancies over time. Data points and bars indicate median LCN2 measurements and interquartile

range at each time point.
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B: Combined analysis of LCN2 measurements for SLE, RA and healthy irrespective of the time point of sample acquisition. Statistical analyses were per-

formed using LMM.

C: Serum LCN2 concentrations at the individual time points. Log-transformed datasets were analysed by t-test.
p-values: *p<0.05; **p<0.01; ***p<0.001, and ns= non-significant, p-values >0.05. Serum LCN2 was measured in triplicates for all samples by ELISA.
Violin plots in B and C show all data points (mean of triplicates), median and quartiles (horizontal bars). No samples were available for healthy before

pregnancy and 12 months postpartum.

kidney function, and only one woman
had a prior history of lupus nephritis.

ALL SLE pregnancies were well-
regulated, with none or low disease
activity both before pregnancy, in
each trimester and postpartum. In I*

1842

trimester 60% had low LAI-P disease
activity and 40% had no LAI-P disease
activity. In both 2" and 3 trimester as
many as 89% had no disease activity
and 11% had low disease activity. RA
women had higher disease activity. In

15t trimester, 35% had moderate disease
activity, while 65% had low disease ac-
tivity or were in remission according to
DAS28-CRP (Table II). In SLE preg-
nancies, the use of synthetic DMARDs,
mainly hydroxychloroquine, were high

Clinical and Experimental Rheumatology 2023



at all time points (83—100%). The use
of prednisolone increased from 17%
preconception, 47% in the 2nd trimes-
ter, to as high as 62% at six months
postpartum. No biologic DMARDs
were used in SLE patients (Table II).
In RA pregnancies, 47% of patients
did not have any immunosuppressive
medication and 18% used prednisolone
in the 1* trimester. The proportion of
RA patients using synthetic DMARDs
increased to 68% in 2™ trimester, and
46% used biologic DMARDs six and
twelve months postpartum (Table IT).
The incidence of adverse pregnancy out-
come was small in both groups, with 8%
APO in SLE and 14.8% in RA patients
(Table I). Only one of the two APOs in
the SLE group where in the first preg-
nancy, all the APOs in the RA group
where in the subsequent pregnancy.

Serum LCN2 levels in SLE,

RA and healthy pregnancies

LCN2 concentrations were quantified
in serum samples from SLE, RA and
healthy pregnancies. Seven time points
were measured for SLE and RA pa-
tients, while serum of healthy pregnan-
cies were measured at five time points.
Following LCN2 levels in the three
groups over time, we found that LCN2
levels were lowest in SLE patients
throughout the observed time period
(Fig. 2A). When we combined LCN2
measurements from all time points for
each of the groups, the overall median
LCN2 concentration was 150.9 ng/ml
in SLE pregnancies, while overall me-
dian LCN2 in RA and healthy pregnan-
cies were 219.5 ng/ml and 228.3 ng/ml
respectively (Fig. 2B). From the LMM
analysis we found that the overall se-
rum LCN2 levels were significantly
lower in SLE pregnancies compared to
RA (p<0.001) and healthy pregnancies
(p<0.001) (Table III). No overall sig-
nificant difference was found between
the log-LCN?2 level of healthy and RA
pregnancies. Log-LCN2 levels were
stable throughout pregnancy and post-
partum, except from 6 months postpar-
tum (time point 5) where log-LCN2
was significantly lower (Table III).
Full LMM analysis for SLE and RA
patients at all time points, which in-
cluded the clinical explanatory vari-

Clinical and Experimental Rheumatology 2023
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Table ITI. Results from the LMM analyses with dependent variable log-LCN2 for SLE, RA

and healthy pregnancies.

Estimate 95% CI p-value

Diagnosis SLE vs.RA -0.159 -0.243 to -0.074 <0.001
SLE vs. healthy -0.178 -0.269 to -0.087 <0.001

RA vs. healthy -0.019 -0.111 to 0.072 0.674

Time 1vs.0 -0.026 -0.101 to 0.049 0.497
2vs.0 -0.005 -0.081 to 0.070 0.888

3vs.0 -0.004 -0.082 to 0.074 0915

4vs.0 -0.024 -0.103 to 0.055 0.557

5vs.0 -0.100 -0.179 to -0.021 0013

6vs.0 -0.022 -0.106 to 0.062 0.603

Fixed effects are diagnosis (SLE, RA and healthy) and time (time points 0-6; preconception, 1*-3%
trimester, 6 weeks, 6 months and 12 months postpartum).

Table I'V. Results from the full LMM analysis of log10-LCN2 for SLE and RA pregnancies.

Estimate 95% CI p-value
Diagnosis SLE vs.RA -0.130 -0.226 to -0.033 0.009
Time 1vs.0 -0.041 -0.125 t0 0.042 0.332
2vs.0 -0.032 -0.118 to 0.053 0458
3vs.0 -0.010 -0.105 to 0.085 0.831
4vs.0 -0.040 -0.131 to 0.052 0.393
Svs.0 -0.052 -0.141 t0 0.036 0.247
6vs.0 -0.010 -0.100 to 0.079 0.818
CRP 0.003 -0.001 to 0.007 0.184
BMI 0.008 -0.002 to 0.020 0.138
Disease activity low/moderate vs. -0.005 -0.053 to 0.042 0.820
none/remission
Prednisolone use no vs. yes 0.020 -0.046 to 0.085 0.554
Synthetic or biologic DMARDs
level 0 vs. 2 -0.005 -0.091 to 0.080 0.899
level 1 vs.2 0.041 -0.029 to 0.111 0.248
Adverse pregnancy
outcome no vs. yes -0.059 -0.196 to 0.079 0.395

Included in this model are the fixed effects CRP, BMI, disease activity, prednisolone use, synthetic and
biologic disease-modifying anti-rheumatic drugs (DMARDs) and adverse pregnancy outcome (APO).

Table V. Association between log-LCN2 and BMI in SLE, RA and healthy pregnancies.

Estimate 95% CI p-value
All (Time 0-6) 0.011 0.004 t0 0.018 0.003
SLE (Time 1-3) -0.001 -0.016t0 0.013 0.850
RA (Time 1-3) 0.014 0.002 to 0.026 0.018
Healthy (Time 1-3) 0.007 -0.003 t0 0.017 0.152

All, include RA and SLE at time points 0—6 and healthy time points 1-3. Then, each group (SLE, RA
and healthy) is analysed separately at time points 1-3.

ables BMI, CRP, disease activity, use
of medication and adverse pregnancy
outcome (APO), also confirmed a sig-
nificantly lower overall level of LCN2
in SLE compared to RA pregnancies
(p=0.009) (Table IV). A total of six
women, two SLE and four RA women
had two pregnancies. When adjusting
the LMM models to include nesting
of pregnancies within women (double

nesting) we had the same results as in
the simple nesting within pregnancies.
Next, we addressed differences in se-
rum LCN?2 levels between the SLE, RA
and healthy women at individual time
points (Fig. 2C). SLE patients showed
significantly lower serum LCN2 levels
than RA and healthy pregnancies also
at individual time points (Fig. 2C).
Compared to healthy pregnancies, SLE

1843
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B: Association between BMI and log-LCN2 in healthy, RA and SLE at time points 1-3.
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patients had significantly lower serum
LCN?2 concentrations in each trimester
as well as six weeks postpartum. We
did not find significant differences in
LCN2 levels between SLE and healthy
pregnancies at six months postpar-
tum. Compared to RA pregnancies,
we found in SLE patients significantly
lower serum LCN2 concentrations be-
fore pregnancy, in 2" and 3 trimester
and six months postpartum. No signifi-
cant differences in serum LCN2 were
observed between RA and healthy
pregnancies at any time point during
or after pregnancy (Fig. 2C). Interest-
ingly, we observed large variations of
LCN2 levels in 2" and 3™ trimester in
RA patients (Fig. 2C).

Serum LCN2 levels and BMI

We found an overall significant asso-
ciation between log-LCN2 and BMI
when including available BMI data
from SLE, RA and healthy pregnan-
cies at all time points, not adjusting for
other variables (p=0.003) (Table V, Fig.
3A). BMI increased with increasing
levels of log-LCN2. BMI were meas-
ured in healthy pregnancies in each
trimester (time points 1-3), while for
SLE and RA pregnancies we also had
BMI before (time point 0) and after
pregnancy (time points 4—6). Analysis
of log-LCN2 in relation to BMI in each
trimester (time points 1-3) in SLE, RA
and healthy pregnancies showed a sig-
nificant association between log-LCN2
and BMI in RA women (p=0.018), but
not in SLE (p=0.850) or healthy preg-
nancies (p=0.152) (Table V, Fig. 3B).
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When BMI was included in the full
LMM model for SLE and RA pregnan-
cies, that includes clinical variables, we
found no significant overall association
with LCN2 (Table IV).

Serum LCN2 levels and

disease activity, CRP, medication

and adverse pregnancy outcome
LCN2 levels were not significantly as-
sociated with disease activity, CRP or
medication status (Table IV). SLE wom-
en had a quiescent disease throughout
pregnancy, all with low disease activity
or remission at all time points. CRP lev-
els were also low in both SLE and RA
pregnancies (Table II). Median CRP in
1% trimester was 2 in both groups, with
quartiles 2-14 (Q1-Q3) in RA pregnan-
cies, and even lower in SLE pregnan-
cies with quartiles 2-2.

No association were found neither be-
tween LCN2 levels and use of predni-
solone (yes/no) or LCN2 levels and use
of synthetic/biologic DMARD:s.

We found no association between ad-
verse pregnancy outcome and LCN2,
but the numbers for adverse pregnancy
outcome were small (2in SLE, 4 inRA,
0 in healthy) in all groups (Table IV).

Discussion

In this study we investigated serum
LCN2 levels longitudinally through-
out pregnancy and postpartum in SLE
compared to RA and healthy pregnan-
cies. We found significantly lower
LCN2 levels in SLE at all time points
compared to RA and healthy. In our co-
hort of SLE women the disease activ-

ity was low or absent throughout preg-
nancy and postpartum and the numbers
of adverse pregnancy outcomes were
low. We could not find an association
between LCN2 and disease activity or
adverse pregnancy outcome in either
SLE or RA pregnancies. However, we
observed an overall significant asso-
ciation between LCN2 levels and BMI
when including BMI from all three
groups at all time points. To our knowl-
edge, this is the first study of LCN2's
role in SLE pregnancies.

Few studies have evaluated the role of
LCN2 blood levels in association with
disease activity and flare in SLE. Most
studies on LCN2 in SLE, have inves-
tigated urine LCN2 as a biomarker of
lupus nephritis, reviewed by Gao et al.
(10). In studies evaluating LCN2 in
blood as a biomarker, a large proportion
of the SLE patients had active disease
and a majority of patients had lupus
nephritis. In a study by Torres-Salido
et al., a significant difference in serum
LCN2 was found between active lupus
nephritis and non-active SLE (13). Two
studies show that SLE patients with ne-
phritis have higher serum LCN2 levels
than those without nephritis (14, 16).
In our cohort of pregnant SLE patients
with low or absent disease activity and
only one patient with prior lupus ne-
phritis, LCN2 levels are low, in accord-
ance with these findings.

In pregnancy, studies have shown an
association between LCN2 and the
presence and severity of preeclampsia
(7, 24). Most studies are done regard-
ing preeclampsia, there is only a few
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studies on other adverse pregnancy
outcomes as small for gestational age
(SGA). In a study by Karampas et al.
no association between LCN2 and SGA
were found (25). In our study, only 2
of 25 SLE pregnancies had adverse
pregnancy outcomes, both had preterm
birth and babies with low birth weight,
one caused by preeclampsia. Skorpen
et al. with a larger SLE cohort from
the same RevNatus registry has shown
that APO is associated with disease ac-
tivity. In inactive disease 4 out of 85
(4.7%) pregnancies had preeclampsia
and 11 out of 85 (12.9%) pregnancies
had preterm birth (26). Even if the ma-
jority of SLE patients in our cohort had
inactive disease, the numbers of APOs
found by Skorpen et al. is higher than
in our study. We could not find an as-
sociation between adverse pregnancy
outcome and LCN2 levels, but the
numbers were small.

LCN2 is also an adipokine, one of
many pro-inflammatory adipokines that
contribute to the low-grade inflamma-
tory state in obese subjects. An asso-
ciation between LCN2 and obesity and
insulin resistance are established (27).
Our finding of a significant overall as-
sociation between LCN2 and BMI is in
line with previous observations. When
we looked at the groups separately,
we only saw this association between
LCN2 levels and BMI in RA patients.
RA women had a higher mean BMI
indicating overweight, while SLE and
healthy women had a BMI in the range
of normal weight. When adjusting for
other clinical variables, the association
between BMI and LCN2 was no longer
significant, but a positive estimated as-
sociation was found. The association
we found to BMI was stronger than the
association to the more general marker
of inflammation investigated, CRP.
LCN2 was estimated to increase with
higher CRP levels, but the association
was not significant. A strength in our
study is the longitudinally design; we
followed SLE pregnancies with both
clinical data and serum LCN2 from
preconception until 12 months post-
partum using both disease and healthy
controls. When studying pregnancy in
rheumatic diseases, biologic samples
in general and longitudinal cohorts in
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particular are scarce. Though our co-
hort is large compared to other similar
published studies, the sample size is
still small. The comparison of SLE with
RA and healthy pregnancies is another
strength of our study. SLE do not have
the phenomenon of pregnancy-related
improvement which is observed in RA
(28). Thus, a deeper understanding of
how the immunologic processes differs
between pregnant women with SLE and
RA is important. Comparative analyses
of immune-modulation during preg-
nancy in RA and SLE have been called
for (28).

Well-planned pregnancies and mainly
White European patients in our cohort
contribute to low disease activity and
few adverse pregnancy outcomes com-
pared to what is seen in other cohorts
(29, 30). Health services in Norway
are universal, and a close follow-up in
pregnancy is offered to all women with
rheumatic diseases. In addition, a main
goal of NKSR and the RevNatus reg-
istry is to encourage to well-planned
pregnancy and secure remission or low
disease activity six months prior to ges-
tation. SLE is a disease with different
manifestations and severity depending
on ethnicity. In our cohort of SLE pa-
tients, 19 out of 23 were White Euro-
pean. White have more often a non-se-
vere SLE and a smaller proportion have
lupus nephritis (31, 32). This cohort
with pregnant SLE patients with low
disease activity provides us with sup-
plementary data to what is reported in
less well-regulated cohorts. However,
the low disease activity and few ad-
verse pregnancy outcomes are the main
limitations of our study. This limits the
possibility to investigate if LCN2 may
have a value as a potential biomarker in
SLE pregnancies with moderate to high
disease activity and cohorts that show
higher frequencies of adverse pregnan-
cy outcomes.

We found significantly lower LCN2
levels in SLE pregnancies at all time-
points compared to both RA and healthy
pregnancies. This finding was true also
when BMI, as well as medication, preg-
nancy outcome and disease activity
were included in the model. It has been
suggested that LCN2 may have a role
in the adaptive immunity by inducing

immune tolerance. A study supporting
this theory, found LCN2-deficient mice
more susceptible to induction of auto-
immunity (33). Another study, done in
an in vitro model, reported that LCN2
increased human leukocyte antigen G
(HLA-G) and FOXP3* T-regulatory
cells, two well-known parameters for
immune tolerance (9). Findings of
low levels of LCN2 in SLE pregnan-
cies might thus indicate low tolerance
through low HLA-G and T-regulatory
cell levels. Low LCN2 in our cohort of
quiescent disease might be a constitu-
tional hallmark of SLE. We wonder if
low LCN2 can be a marker of altered
immune tolerance seen in SLE in gen-
eral and in pregnancy. Our findings
warrant further exploration to the role
of LCN2 as a part of the pathogenesis
and immune modulation in SLE.

From our study we conclude that se-
rum LCN2 is not useful as a marker
of disease activity in SLE pregnan-
cies with relatively quiescent disease.
However, our finding of lower levels of
serum LCN2 in pregnant SLE women
in remission compared to both RA and
healthy controls, may implicate LCN2
in the pathogenesis of altered immune
tolerance seen in SLE.
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