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ARTICLE INFO ABSTRACT

Handling Editor: Dr Y Renaudineau Objective: Pregnancy induces profound immunological adaptations that usually promote tolerance and reduce
autoimmune activity. However, women with systemic lupus erythematosus (SLE) remain at increased risk of

Keywords: disease flares and pregnancy complications, whereas rheumatoid arthritis (RA) often improves during gestation.

Systemic lupus erythematosus To better understand this divergence, we longitudinally characterized transcriptomic and microRNA (miRNA)

Rheumatoid arthritis changes in circulating monocytes from healthy, RA, and SLE pregnancies.

E:Zi:fgl?t]ome Methods: Pregnant women with SLE (n = 5), RA (n = 4), and healthy controls (n = 5) were followed from
miRNA preconception to three months postpartum. CD14" monocytes were isolated at each visit and profiled using RNA

sequencing and miRNA sequencing. Differential expression analyses were performed using DESeq2, modelling
patient ID as a covariate. Pathway enrichment and upstream regulator analyses were conducted using Ingenuity
Pathway Analysis and Reactome. Correlation-based miRNA-mRNA regulatory networks were inferred using
miRTarBase-validated interactions.

Results: Healthy and RA pregnancies exhibited a shift toward an alternatively activated (anti-inflammatory)
monocyte phenotype, characterized by downregulation of TNF, IFN-y, and IL-1 signalling pathways. In contrast,
SLE pregnancies maintained a persistent M1-like (pro-inflammatory) program throughout gestation and post-
partum, independent of clinical flare status. miRNA profiling revealed selective downregulation of miR-106a-5p
and miR-148b-5p in SLE monocytes, accompanied by enrichment of cytokine-related pathways among their
predicted targets. These dysregulated miRNAs were linked to activation of immune pathways including IL-12
signalling, interferon responses, apoptosis, and complement activation.

Conclusion: SLE pregnancies are characterized by a failure to achieve monocyte immunotolerance, driven in part
by aberrant miRNA regulation. These findings highlight molecular mechanisms underlying persistent
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inflammation in SLE pregnancy and identify candidate transcriptomic and miRNA biomarkers that may support
future risk stratification or therapeutic modulation.

1. Introduction

Systemic lupus erythematosus (SLE) is a potentially life-threatening
autoimmune disease which mainly affects women of child-bearing age.
SLE is a chronic disease during which low disease activity periods
alternate with phases of higher activity (SLE flares) characterized by
important inflammatory responses that may result in irreversible organ
damage. Current recommendations aim at reaching clinical remission to
prevent flares and organ damage [1,2]. SLE flares may be induced by UV
exposure [3], infections [4,5] and even stress [6]. Among other identi-
fied triggers, pregnancies and post-partum state are known to be risk
periods for SLE patients, and may be responsible for adverse pregnancy
outcomes [7].

During pregnancy, the immune system enters a physiological
immunosuppression state to prevent immune rejection of the foetus [8].
Theoretically, the pregnancy-associated immunosuppression state
should improve autoimmunity and reduce clinical activity of autoim-
mune diseases. While this is the case for several autoimmune diseases
such as rheumatoid arthritis or spondylarthritis [9], SLE pregnancies are
associated with increased risk of flares [7]. However, the mechanism
underlying this feature specific to SLE is largely unknown.

To monitor the state of the immune system during pregnancy, we
conducted a longitudinal evaluation of healthy pregnant women as well
as SLE and RA pregnant patients. We chose a whole genome tran-
scriptomic approach (RNAseq) to globally evaluate changes in the
expression of immune-related genes before and during pregnancy and
after delivery. Transcriptomic analysis of lupus patients during preg-
nancy has been previously performed using RNA isolated from blood
cells [10]. In the present study, we chose to focus on isolated circulating
monocytes (CD147) to better capture the transcriptomic features in a
cell population known to be an essential player in the regulation of in-
flammatory responses [11]. To gain a better understanding of the
mechanism driving transcriptomic (mRNAs) alterations during preg-
nancy, we also evaluated microRNA (miRNA, which have been
described to play a role in SLE pathogenesis [12]) expression at each
time point. Furthermore, dysregulation of several miRNAs (such as
miR-142-3) in monocytes has been associated with increased inflam-
mation in SLE patients [13], providing rationale to our unbiased
exploration.

We found that SLE pregnancies are associated with an intrinsic M1-
like monocyte transcriptome [14], partly driven by specific miRNAs.
Our study suggests that a better description of the impact of pregnancy
on the immune systems may help improving the follow-up of SLE
pregnant women and promote the development of better tailored
treatments for such patients.

2. Patients and methods
2.1. Patients and ethics

We included adult women under the age of 40 with a confirmed
pregnancy (using p-HCG blood test). Three groups of pregnant women
were included: healthy women without underlying autoimmune disease
(HP), women with rheumatoid arthritis (RA) and women with SLE.
Rheumatoid arthritis and SLE were diagnosed according to the ACR/
EULAR revised classification criteria [15,16]. The clinical protocol is in
line with the Helsinki declaration and was approved by an independent
ethical committee (CPP Est IV, number DC 2013-1911). A written con-
sent was obtained from all patients.

2.2. Follow-up and blood samples

Patients were included either prior pregnancy or at the time of a
positive pregnancy test. Six to seven visits were conducted for all pa-
tients: an optional preconceptional visit (V0), a visit at the time of
positive pregnancy test (V1), a visit at the end of the first trimester (V2),
a visit at the end of the second trimester (V3), a visit during labour (V4),
a visit one month (V5) and three months (V6) post-partum. At each time
point, clinical data including the disease activity (SLE disease activity
index [SLEDAI] for SLE and disease activity score 28 — CRP [DAS28-
CRP] for RA) were recorded. For SLE patients, clinical activity was
defined as an increase of 4 points in the SLEDAL In RA, clinical activity
was defined as a DAS28-CRP >3.2 (with the exclusion of infection).

2.3. Blood samples

At each visit, 3 EDTA-anticoagulated blood samples were collected
and processed within 24 h. Peripheral blood mononuclear cells (PBMCs)
were isolated using a Ficoll-Plaque gradient. Subsequently, monocytes
were sorted using CD14-positive magnetic activated cell sorting (MACS,
Miltenyi) according to the manufacturer's instruction. Total RNA was
extracted from sorted monocytes using RNeasy microkit (Qiagen) ac-
cording to the manufacturer's instructions.

2.4. Transcriptomics data collection and analysis

RNA-seq data were obtained using paired-end sequencing with a new
generation sequencer SOLID 5500 (Life technologies). Sequencing data
were processed using the nf-core/rnaseq pipeline, version 3.10.1 [17,
18]. Within this pipeline, STAR was used for sequence alignment [19],
while Salmon was used for RNA quantification [20], resulting in an
expression matrix. For miRNAs, mirdeep2 was used to generate the
expression matrix [21]. Downstream, DESeq2 was used to study differ-
ential expression for both RNA-seq and miRNA-seq data [22]. For each
group (SLE, RA, or control), patient visits were ordered chronologically
and modeled as a continuous variable to investigate transcriptional
dynamics over visits. DESeq2 was run separately for each group with the
design ~ patient_id + visit number, thereby treating patient ID as a
covariate to account for inter-individual variability while exploring gene
expression changes associated with progress of pregnancy visits.
DESeq2's standard pipeline was used: size-factor normalization,
dispersion estimation, and fitting a negative binomial GLM, followed by
Wald tests on the visit number coefficient. P-values were adjusted using
the Benjamini-Hochberg procedure to control the FDR (False discovery
rate). For enrichment analyses and regulator predictions, Ingenuity
Pathway Analysis (IPA) software was used to decipher the expression
variations observed [23]. To link miRNAs and downstream mRNA tar-
gets, a correlation analysis was performed between mRNA and miRNA
signals for each patient. A miRNA was predicted to negatively regulate a
downstream mRNA if it was negatively correlated with that species
across all samples (Pearson R < —0.5), and if predicted to target that
mRNA by miRTarBase [24]. Gseapy was used to perform gene set
enrichment analysis from the list of predicted targets of differentially
expressed miRNAs [25].

3. Results

Due to recruitment difficulties following the COVID-19 pandemic, 14
patients were recruited instead of 40 (SLE, n = 5; RA,n = 4; HD, n = 5;
Fig. 1A). All patients completed at least 6 of the 7 visits (preconceptional
visit 0 missing for n = 4; Fig. 1B). The average age was 32 (IQR 25-75:
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28-32) for both HD RA and SLE women. Other patient characteristics
including ongoing treatments are shown in Table 1. During pregnancy,
two SLE patients had a non-severe flare: one during the first trimester
and one three months postpartum. One RA patient exhibited clinical
activity during pregnancy (between the positive test and the end of the
first trimester, then three months postpartum) and one SLE patient
flared immediately after giving birth (V6). All 14 pregnancies resulted in
viable babies, without pre-eclampsia or other complications.

The mRNA transcriptome was determined for a total of 94 samples
and the miRNome was evaluated in 69 samples. The discrepancy reflects
the difficulty to isolate quality miRNAs. Quality assessment of the mRNA
sequencing data indicated high sequencing quality across all samples,
except for two that were excluded from downstream analysis (Fig. S1A).

Throughout pregnancy (V0-V7), regulatory networks analysis using
Ingenuity Pathway Analysis (IPA) showed that monocytes (CD14™) from
control and RA donors, although not superimposable, are characterized
by an M2 polarization (anti-inflammatory) phenotype, as evidenced by a
downregulation of the interferon gamma (IFNG), tumor necrosis factor
(TNF), and HMGB1 pathways (Fig. 1C left and middle panel) over the
course of visits (Tables S1-3). In comparison, monocytes from SLE do-
nors (Fig. 1C, right panel) are characterized by an upregulation of the

A B
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Table 1
Patients and pregnancies characteristics.
Cohort (n SLE (n = 5) RA (n =4) Healthy (n
=14) =5)

Age, median (IQR), 30 32 (30-34) 32 (28-35) 28 (26-35)
years (28-32)

BMI, median (IQR), 21.6 27.3 19.6 20.2
kg/rﬂ2 (19.7-25) (25.6-28.7) (18.7-20.6) (19.5-23.4)

Primiparity 71.4 % 40 % 75 % 100 %

Number of previous 0 (0-2) 1(0-4) 0 (1-0) 0 (0-0)
pregnancy, median
(IQR)

Living birth 100 % 100 % 100 % 100 %

Disease flare during N/A 40 % 25 % N/A
pregnancy

Treatments

- Prednisone 64.3 % 100 % 100 % 0%

- Aspirin 14.3 % 40 % 0 % 0%

- Hydroxychloroquine 42.9 % 80 % 50 % 0%

- Azathioprine 14.3 % 40 % 0 % 0%

- TNF inhibitor 14.3 % 0% 50 % 0%

IFNG, TNF, interleukin 1 and interleukin 6 pathways, revealing a pro-
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Fig. 1. SLE monocytes demonstrate a pro-inflammatory signature during SLE pregnancy. (A) Pregnant women recruited in the study: healthy (n = 5),
rheumatoid arthritis (RA, n = 4), systemic lupus erythematosus (SLE, n = 5). (B) Study design and timing of samples collection during pregnancy. (C) Ingenuity
Pathway Analysis (IPA) showing upregulated (orange) or downregulated (blue) pathways throughout pregnancy in healthy, RA and SLE pregnancies. (D) IPA
predicted upstream regulators activity during pregnancy. (E-F) Correlation between control and RA (E) and SLE and RA (F) pregnancies in terms of predicted

upstream regulator activity.
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inflammatory polarization. Importantly, the exclusion of the sample
corresponding to the SLE patient with a flare did not affect this pro-
inflammatory signature (Fig. S1B). Of note, CCL3L1 appeared signifi-
cantly upregulated (Padj = 0.015, Table S3), which has been described
as an important feature of M1-like monocytes [14,26].

Signaling pathway analyses demonstrated an attenuated pro-
inflammatory signaling in RA and control pregnancies, with a signifi-
cant correlation suggesting similar signaling changes (r = 0.82, p =
3.28x107% Fig. S1C-D). Conversely, there was a pro-inflammatory
signaling in SLE pregnancies, and a trend of inverse correlation of
these signaling pathway compared to RA patients (Fig. S1D, right panel).
In agreement with these observations, upstream regulators analysis
identified an upregulation of TNF, IL1B and IL-6 signaling in SLE preg-
nant patients while they were downregulated in control and RA
(Fig. 1D). Interestingly, expression patterns of upstream regulators were
highly correlated in control and RA pregnancies (Fig. 1E, r = 0.66, p =
2.95 x 10739). In contrast, a negative correlation of upstream regulators
between RA and SLE CD14™ cells was evidenced (Fig. 1F, r = - 0.74; p =
8.54 x107°9).

Altogether, these results suggest that during pregnancy, monocytes
of SLE patients develop a pro-inflammatory transcriptomic phenotype
which intrinsically differs from the situation seen in monocytes from
healthy and RA pregnant women.

To gain better insight into the origin of these differences, we quan-
tified miRNA expression in all monocyte samples analysed. Indeed,
miRNAs are major players involved in the control of gene expression
[271, and several reports indicate that they participate in the regulation
of monocyte functions in various inflammatory settings [28]. Among the
miRNAs expressed in monocytes from pregnant healthy controls and
from patients, miR-223-3p, miR-21-5p, miR-16-5p and miR-23a-3p
exhibited the highest expression levels (Fig. 2A). During SLE preg-
nancy, we identified 2 overexpressed and 6 downregulated miRNAs over
the course of visits (False discovery rate p-value <0.1, mean normalized
DESEQ counts >20; Fig. 2B). A correlation analysis was used to predict

Top 25 miRNA £
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the different targets genes of miRNAs (Fig. 2C).

We subsequently attempted to link these miRNA profiles with
changes in mRNA expression. We did not find significant miRNA
expression difference explaining modifications in mRNA expression
levels between controls and RA samples (Tables S4-5). However, in SLE
pregnancies, we observed a significant decrease of miR-106a-5p and
148b-5p expression over the course of pregnancy in monocytes
(Table S6). We found a total of 6 miRNAs that were downregulated with
pregnancy (with FDR <0.1, LFC - Log Fold Change <0 and mean
normalized DESEQ counts >20) and performed gene set enrichment
analysis on their predicted target genes, which interestingly revealed
potential associations with overactivation of various pathways, such as
cytokine signaling and the interleukin-12 pathway (Fig. 2D). Further-
more, altered miRNA expression in SLE monocytes also led to predicted
activation of processes such as apoptosis, complement activation,
interferon gamma response and ultraviolet response (Fig. 2E), which are
common features observed in SLE patients. Of note, miR-106-5p has
been shown to regulate the expression of MAP3K14 and PTEN genes [29,
30], both of which can exhibit potential relevance in the context of SLE
due to their role in immune cell intracellular signaling [31].

Overall, these data suggest that change in monocyte miRNA
expression may be driving the monocyte pro-inflammatory signature
that we described in SLE pregnancies.

4. Discussion

In this prospective, longitudinal study, in which we followed a small
number of patients, we suggest that pregnancies in women with sys-
temic lupus erythematosus (SLE) are associated with an intrinsic M1-
like, pro-inflammatory, monocyte transcriptomic signature, distinct
from that observed in healthy or rheumatoid arthritis (RA) pregnancies.
Furthermore, monocytes harvested from SLE patients exhibit a marked
overexpression of CCL3, a feature of cells capable of chemotaxis and
with immunoregulatory potentials [14,26]. Such observation, that will

B
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Fig. 2. In SLE pregnancy, miRNA accompany changes in monocyte transcriptomic signature. (A) Top 25 most highly expressed miRNA across all samples.
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need to be confirmed by future single cell RNAseq analyses, suggest that
this monocyte subpopulation which can potentially amplify an inflam-
matory microenvironment, might represent an important therapeutic
target. Notably, this inflammatory polarization persists throughout
gestation and postpartum and appears to be, at least in part, driven by
dysregulated microRNA (miRNA) expression.

Our findings suggest an explanation for the paradoxical exacerbation
of SLE during pregnancy, despite the well-known global immunosup-
pressive state that typically protects against autoimmune flares [8]. In
contrast to RA, the symptoms of which often decrease during pregnancy
due to elevated anti-inflammatory cytokines [9], SLE monocytes appear
refractory to this immunotolerant milieu. This resistance is character-
ized by sustained activation of pro-inflammatory signaling pathways,
including TNF, IFN-y, IL-1, and IL-6.

An important observation is that this pro-inflammatory signature
remained evident even when excluding patients with clinical flares,
suggesting that it may represent a baseline immunological state in SLE
pregnancies, rather than a secondary effect of disease activity. This
aligns with recent transcriptomic studies showing persistent immune
dysregulation in SLE patients even during clinically quiescent periods
[10,11].

The accompanying miRNA profiling provides potential mechanistic
insight. Specifically, the downregulation of miR-106a-5p and miR-148b-
5p may contribute to derepression of inflammatory gene expression in
SLE monocytes. Both miRNAs have been previously implicated in the
regulation of immune responses: miR-106a targets IL-10 and STATS3,
while miR-148b modulates TLR signaling and cytokine production [27,
28]. Our results thus support a model in which dysregulated miRNAs
could contribute to the failure of immune adaptation during SLE
pregnancy.

Several limitations of this study must however be acknowledged. The
small sample size, due in part to COVID-19-related recruitment chal-
lenges, limits statistical power and precludes subgroup analyses (e.g., by
flare status, medication exposure). In addition, while we took care to
isolate pure CD14" monocytes, we cannot fully exclude contamination
by CD14 'V neutrophils, which have been implicated in SLE patho-
genesis and share some inflammatory signatures [32]. Future studies
could employ more refined phenotyping (e.g., single-cell RNAseq or
surface marker co-staining) to rule this out. Likewise, the absence of
functional validation (e.g., miRNA mimics/inhibitors, cytokine pro-
duction assays) limits causal inference regarding the role of miRNAs as
drivers of the observed transcriptomic changes.

Despite these limitations, our study provides the first direct evidence
of a sustained pro-inflammatory monocyte program in SLE pregnancies
and its potential miRNA-driven regulation. These findings may have
clinical implications, suggesting that monocyte transcriptomic or
miRNA profiling could serve as biomarkers to anticipate complications
or guide therapy. In particular, the identification of miR-106a-5p and
miR-148b-5p as potential upstream regulators of inflammation could
inspire future therapeutic strategies to restore immune tolerance in SLE
pregnancies.

In conclusion, this study reveals that SLE pregnancies are charac-
terized by a sustained, cell-intrinsic M1-like, pro-inflammatory, pro-
gram in circulating monocytes, contrasting with the anti-inflammatory
phenotype observed in healthy and RA pregnancies. This transcriptional
profile may be partly driven by a distinct miRNA signature, notably
involving downregulation of miR-106a-5p and miR-148b-5p. These
findings highlight the failure of immunological adaptation in SLE
pregnancy and provide mechanistic insight into the heightened risk of
disease flares and complications during this critical period.

CRediT authorship contribution statement
Marc Scherlinger: Data curation, Validation, Visualization, Writing

— original draft, Writing — review & editing. Eloi Schmauch: Data
curation, Formal analysis, Writing — review & editing, Validation,

Journal of Translational Autoimmunity 12 (2026) 100347

Visualization. Raphaél Carapito: Investigation, Methodology, Writing
—review & editing. Angélique Pichot: Investigation, Writing — review &
editing. Ghada Alsaleh: Investigation, Methodology, Writing — review
& editing. Nicodeme Paul: Formal analysis, Methodology, Resources,
Writing — review & editing. Anne Molitor: Project administration, Re-
sources, Supervision, Writing — review & editing. Francois Lefebvre:
Data curation, Formal analysis, Methodology, Writing — review & edit-
ing. Catherine Schmidt-Mutter: Investigation, Resources, Writing —
review & editing. Seiamak Bahram: Project administration, Supervi-
sion, Writing — review & editing. Jean Sibilia: Conceptualization,
Funding acquisition, Project administration, Resources, Supervision,
Writing — review & editing. Philippe Georgel: Conceptualization,
Formal analysis, Funding acquisition, Investigation, Methodology,
Project administration, Supervision, Validation, Writing — original draft,
Writing — review & editing.

Disclosures
None to report.
Fundings

This project (“SPIRALE”) was funded by a grant from the French
Minister of Health (PRTS 2013-13-012) with Hopitaux Universitaires de
Strasbourg as coordinator.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We thank the GENOMAX (AP, AM, RC, SB) platform which con-
ducted the transcriptomic analysis. MS is supported by the Bettencourt-
Schueller Foundation, the INSERM (ATIP-Avenir), Ecole de 'INSERM
Bettencourt-Schueller, the FOREUM foundation and the Arthritis Pierre
Coubertin foundation. The authors thank Dr Marie Meister for
proofreading.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jtauto.2025.100347.

Data availability

Transcriptomics data will be released on a public repository followed
publication.

References

[1] A. Fanouriakis, M. Kostopoulou, J. Andersen, M. Aringer, L. Arnaud, S.-C. Bae,

J. Boletis, LN. Bruce, R. Cervera, A. Doria, T. Dorner, R.A. Furie, D.D. Gladman, F.
A. Houssiau, L.S. Inés, D. Jayne, M. Kouloumas, L. Kovécs, C.C. Mok, E.F. Morand,
G. Moroni, M. Mosca, J. Mucke, C.B. Mukhtyar, G. Nagy, S. Navarra, I. Parodis, J.
M. Pego-Reigosa, M. Petri, B.A. Pons-Estel, M. Schneider, J.S. Smolen,

E. Svenungsson, Y. Tanaka, M.G. Tektonidou, Y.O. Teng, A. Tincani, E.M. Vital, R.
F. Van Vollenhoven, C. Wincup, G. Bertsias, D.T. Boumpas, EULAR
recommendations for the management of systemic lupus erythematosus: 2023
update, Ann. Rheum. Dis. 83 (2024) 15-29, https://doi.org/10.1136/ard-2023-
224762.

[2] M. Scherlinger, A.G.A. Kolios, V.C. Kyttaris, G.C. Tsokos, Advances in the treatment
of systemic lupus erythematosus, Nat. Rev. Drug Discov. 24 (2025) 926-944,
https://doi.org/10.1038/541573-025-01242-0.

[3] S. Skopelja-Gardner, J. Tai, X. Sun, L. Tanaka, J.A. Kuchenbecker, J.M. Snyder,
P. Kubes, T. Mustelin, K.B. Elkon, Acute skin exposure to ultraviolet light triggers
neutrophil-mediated kidney inflammation, Proc. Natl. Acad. Sci. 118 (2021)
€2019097118, https://doi.org/10.1073/pnas.2019097118.


https://doi.org/10.1016/j.jtauto.2025.100347
https://doi.org/10.1016/j.jtauto.2025.100347
https://doi.org/10.1136/ard-2023-224762
https://doi.org/10.1136/ard-2023-224762
https://doi.org/10.1038/s41573-025-01242-0
https://doi.org/10.1073/pnas.2019097118

M. Scherlinger et al.

[4]

[5

fad}

[6]

71

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

F. El Hadiyen, M.W.P. Tsang-A-Sjoe, B.1. Lissenberg-Witte, A.E. Voskuyl, LE.

M. Bultink, Intercurrent infection as a risk factor for disease flares in patients with
systemic lupus erythematosus, Lupus Sci Med 11 (2024) e001131, https://doi.org/
10.1136/lupus-2023-001131.

M. Scherlinger, J. Sibilia, G.C. Tsokos, J.-E. Gottenberg, Chronic stimulation with
SARS-CoV-2 spike protein does not trigger autoimmunity, Clin Immunol 248
(2023) 109264, https://doi.org/10.1016/j.clim.2023.109264.

V. Germain, M. Scherlinger, T. Barnetche, C. Pichon, A. Balageas, L. Lequen,

E. Shipley, J. Foret, S. Dublanc, L. Capuron, T. Schaeverbeke, Role of stress in the
development of rheumatoid arthritis: a case-control study, Rheumatology (2020),
https://doi.org/10.1093/rheumatology/keaa216 keaa216.

M. Larosa, V. Le Guern, G. Guettrot-Imbert, N. Morel, N. Abisror, C. Morati-
Hafsaoui, P. Orquevaux, E. Diot, A. Doria, F. Sarrot-Reynauld, N. Limal, V. Queyrel,
0. Souchaud-Debouverie, L. Sailler, M. Le Besnerais, T. Goulenok, A. Molto,

E. Pannier-Metzger, L. Sentilhes, L. Mouthon, E. Lazaro, N. Costedoat-Chalumeau,
GR2 group, evaluation of lupus anticoagulant, damage, and remission as predictors
of pregnancy complications in systemic lupus erythematosus: the French GR2
study, Rheumatology 61 (2022) 3657-3666, https://doi.org/10.1093/
rheumatology/keab943.

G. Mor, P. Aldo, A.B. Alvero, The unique immunological and microbial aspects of
pregnancy, Nat. Rev. Immunol. 17 (2017) 469-482, https://doi.org/10.1038/
nri.2017.64.

M. @stensen, F. Forger, J.L. Nelson, A. Schuhmacher, G. Hebisch, P.M. Villiger,
Pregnancy in patients with rheumatic disease: anti-inflammatory cytokines
increase in pregnancy and decrease post partum, Ann. Rheum. Dis. 64 (2005)
839-844, https://doi.org/10.1136/ard.2004.029538.

S. Hong, R. Banchereau, B.-S.L. Maslow, M.M. Guerra, J. Cardenas, J. Baisch, D.
W. Branch, T.F. Porter, A. Sawitzke, C.A. Laskin, J.P. Buyon, J. Merrill, L.

R. Sammaritano, M. Petri, E. Gatewood, A.-M. Cepika, M. Ohouo, G. Obermoser,
E. Anguiano, T.W. Kim, J. Nulsen, D. Nehar-Belaid, D. Blankenship, J. Turner,

J. Banchereau, J.E. Salmon, V. Pascual, Longitudinal profiling of human blood
transcriptome in healthy and lupus pregnancy, J. Exp. Med. (2019) 20190185,
https://doi.org/10.1084/jem.20190185 jem.

E.M. Stergioti, T. Manolakou, G. Sentis, M. Samiotaki, N. Kapsala, A. Fanouriakis,
D.T. Boumpas, A. Banos, Transcriptomic and proteomic profiling reveals distinct
pathogenic features of peripheral non-classical monocytes in systemic lupus
erythematosus, Clin. Immunol. 255 (2023) 109765, https://doi.org/10.1016/].
clim.2023.109765.

X. Le, X. Yu, N. Shen, Novel insights of microRNAs in the development of systemic
lupus erythematosus, Curr. Opin. Rheumatol. 29 (2017) 450-457, https://doi.org/
10.1097/BOR.0000000000000420.

Y. Wang, J. Liang, H. Qin, Y. Ge, J. Du, J. Lin, X. Zhu, J. Wang, J. Xu, Elevated
expression of miR-142-3p is related to the pro-inflammatory function of monocyte-
derived dendritic cells in SLE, Arthritis Res. Ther. 18 (2016) 263, https://doi.org/
10.1186/513075-016-1158-z.

H. Xu, K. Yuan, G. Chen, J. Luo, A. Yan, H. Huang, X. Yu, Q. Tao, G. Huang, A. Xu,
Single-cell transcriptomics reveals CCL3+ classical monocyte subset linked to
autoimmune pathogenesis, J. Inflamm. Res. 18 (2025) 16273-16291, https://doi.
org/10.2147/JIR.S547283.

D. Aletaha, T. Neogi, A.J. Silman, J. Funovits, D.T. Felson, C.O. Bingham, N.

S. Birnbaum, G.R. Burmester, V.P. Bykerk, M.D. Cohen, B. Combe, K.

H. Costenbader, M. Dougados, P. Emery, G. Ferraccioli, J.M.W. Hazes, K. Hobbs, T.
W.J. Huizinga, A. Kavanaugh, J. Kay, T.K. Kvien, T. Laing, P. Mease, H.A. Ménard,
L.W. Moreland, R.L. Naden, T. Pincus, J.S. Smolen, E. Stanislawska-Biernat,

D. Symmons, P.P. Tak, K.S. Upchurch, J. Vencovsky, F. Wolfe, G. Hawker,
Rheumatoid arthritis classification criteria: an American college of rheumatology/
european league against Rheumatism collaborative initiative, Arthritis Rheum. 62
(2010) 2569-2581, https://doi.org/10.1002/art.27584, 2010.

M. Aringer, K. Costenbader, D. Daikh, R. Brinks, M. Mosca, R. Ramsey-Goldman, J.
S. Smolen, D. Wofsy, D.T. Boumpas, D.L. Kamen, D. Jayne, R. Cervera,

N. Costedoat-Chalumeau, B. Diamond, D.D. Gladman, B. Hahn, F. Hiepe,

S. Jacobsen, D. Khanna, K. Lerstrgm, E. Massarotti, J. McCune, G. Ruiz-Irastorza,
J. Sanchez-Guerrero, M. Schneider, M. Urowitz, G. Bertsias, B.F. Hoyer,

N. Leuchten, C. Tani, S.K. Tedeschi, Z. Touma, G. Schmajuk, B. Anic, F. Assan, T.
M. Chan, A.E. Clarke, M.K. Crow, L. Czirjdk, A. Doria, W. Graninger, B. Halda-Kiss,
S. Hasni, P.M. Izmirly, M. Jung, G. Kumdnovics, X. Mariette, I. Padjen, J.M. Pego-
Reigosa, J. Romero-Diaz, I.R.-F. Fernandez, R. Seror, G.H. Stummvoll, Y. Tanaka,
M.G. Tektonidou, C. Vasconcelos, E.M. Vital, D.J. Wallace, S. Yavuz, P.L. Meroni,

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Journal of Translational Autoimmunity 12 (2026) 100347

M.J. Fritzler, R. Naden, T. Dorner, S.R. Johnson, European League against
rheumatism/American College of Rheumatology classification criteria for systemic
lupus erythematosus, Ann. Rheum. Dis. 78 (2019) 1151-1159, https://doi.org/
10.1136/annrheumdis-2018-214819, 2019.

H. Patel, J. Manning, P. Ewels, M.U. Garcia, A. Peltzer, R. Hammarén,

O. Botvinnik, A. Talbot, G. Sturm, nf-core bot, M. Zepper, D. Moreno, P. Vemuri,
M. Binzer-Panchal, E. Greenberg, silviamorins, L. Pantano, R. Syme, G. Kelly,

L. Sola, F. Hanssen, J.A.F. Yates, G. Lichtenstein, J. Espinosa-Carrasco, rfenouil,
L. Zappia, C. Cheshire, E. Miller, marchoeppner, P. Zhou, nf-core/rnaseq: nf-core/
rnaseq v3.19.0 - tungsten turtle. https://doi.org/10.5281/zenodo.15631172,
2025.

P.A. Ewels, A. Peltzer, S. Fillinger, H. Patel, J. Alneberg, A. Wilm, M.U. Garcia,
P. Di Tommaso, S. Nahnsen, The nf-core framework for community-curated
bioinformatics pipelines, Nat. Biotechnol. 38 (2020) 276-278, https://doi.org/
10.1038/541587-020-0439-x.

A. Dobin, C.A. Davis, F. Schlesinger, J. Drenkow, C. Zaleski, S. Jha, P. Batut,

M. Chaisson, T.R. Gingeras, STAR: ultrafast universal RNA-seq aligner,
Bioinformatics 29 (2013) 15-21, https://doi.org/10.1093/bioinformatics/bts635.
R. Patro, G. Duggal, M.I. Love, R.A. Irizarry, C. Kingsford, Salmon provides fast and
bias-aware quantification of transcript expression, Nat. Methods 14 (2017)
417-419, https://doi.org/10.1038/nmeth.4197.

M.R. Friedlander, S.D. Mackowiak, N. Li, W. Chen, N. Rajewsky, miRDeep2
accurately identifies known and hundreds of novel microRNA genes in seven
animal clades, Nucleic Acids Res. 40 (2012) 37-52, https://doi.org/10.1093/nar/
gkr688.

M.I Love, W. Huber, S. Anders, Moderated estimation of fold change and
dispersion for RNA-Seq data with DESeq2, Genome Biol. 15 (2014) 550, https://
doi.org/10.1186/5s13059-014-0550-8.

A. Kramer, J. Green, J. Pollard, S. Tugendreich, Causal analysis approaches in
ingenuity Pathway Analysis, Bioinformatics 30 (2014) 523-530, https://doi.org/
10.1093/bioinformatics/btt703.

S. Cui, S. Yu, H.-Y. Huang, Y.-C.-D. Lin, Y. Huang, B. Zhang, J. Xiao, H. Zuo,

J. Wang, Z. Li, G. Li, J. Ma, B. Chen, H. Zhang, J. Fu, L. Wang, H.-D. Huang,
miRTarBase 2025: updates to the collection of experimentally validated
microRNA-target interactions, Nucleic Acids Res. 53 (2025) D147-D156, https://
doi.org/10.1093/nar/gkael072.

Z. Fang, X. Liu, G. Peltz, GSEApy: a comprehensive package for performing gene set
enrichment analysis in python, Bioinformatics 39 (2023), https://doi.org/
10.1093/bioinformatics/btac757 btac757.

B.D. Korman, C.-C. Huang, C. Skamra, P. Wu, R. Koessler, D. Yao, Q.Q. Huang,
W. Pearce, K. Sutton-Tyrrell, G. Kondos, D. Edmundowicz, R. Pope, R. Ramsey-
Goldman, Inflammatory expression profiles in monocyte-to-macrophage
differentiation in patients with systemic lupus erythematosus and relationship with
atherosclerosis, Arthritis Res. Ther. 16 (2014) R147, https://doi.org/10.1186/
ar46009.

D.P. Bartel, Metazoan MicroRNAs, Cell 173 (2018) 20-51, https://doi.org/
10.1016/j.cell.2018.03.006.

1. Duroux-Richard, M. Robin, C. Peillex, F. Apparailly, MicroRNAs: fine tuners of
Monocyte heterogeneity, Front. Immunol. 10 (2019), https://doi.org/10.3389/
fimmu.2019.02145.

J. Zhang, S.-F. Li, H. Chen, J.-X. Song, MiR-106b-5p inhibits tumor necrosis Factor-
a-induced apoptosis by targeting phosphatase and tensin Homolog deleted on
chromosome 10 in vascular endothelial cells, Chin Med J (Engl) 129 (2016)
1406-1412, https://doi.org/10.4103/0366-6999.183414.

Y. Lian, Y. Hu, L. Gan, Y.-N. Huo, H.-Y. Luo, X.-Z. Wang, Ssc-novel-miR-106-5p
reduces lipopolysaccharide-induced inflammatory response in porcine endometrial
epithelial cells by inhibiting the expression of the target gene mitogen-activated
protein kinase kinase kinase 14 (MAP3K14), Reprod. Fertil. Dev. 31 (2019)
1616-1627, https://doi.org/10.1071/RD19097.

T. Katsuyama, H. Li, D. Comte, G.C. Tsokos, V.R. Moulton, Splicing factor SRSF1
controls T cell hyperactivity and systemic autoimmunity, J. Clin. Investig. 129
(2019) 5411-5423, https://doi.org/10.1172/JCI127949.

S. Caielli, S. Athale, B. Domic, E. Murat, M. Chandra, R. Banchereau, J. Baisch,
K. Phelps, S. Clayton, M. Gong, T. Wright, M. Punaro, K. Palucka, C. Guiducci,

J. Banchereau, V. Pascual, Oxidized mitochondrial nucleoids released by
neutrophils drive type I interferon production in human lupus, J. Exp. Med. 213
(2016) 697-713, https://doi.org/10.1084/jem.20151876.


https://doi.org/10.1136/lupus-2023-001131
https://doi.org/10.1136/lupus-2023-001131
https://doi.org/10.1016/j.clim.2023.109264
https://doi.org/10.1093/rheumatology/keaa216
https://doi.org/10.1093/rheumatology/keab943
https://doi.org/10.1093/rheumatology/keab943
https://doi.org/10.1038/nri.2017.64
https://doi.org/10.1038/nri.2017.64
https://doi.org/10.1136/ard.2004.029538
https://doi.org/10.1084/jem.20190185
https://doi.org/10.1016/j.clim.2023.109765
https://doi.org/10.1016/j.clim.2023.109765
https://doi.org/10.1097/BOR.0000000000000420
https://doi.org/10.1097/BOR.0000000000000420
https://doi.org/10.1186/s13075-016-1158-z
https://doi.org/10.1186/s13075-016-1158-z
https://doi.org/10.2147/JIR.S547283
https://doi.org/10.2147/JIR.S547283
https://doi.org/10.1002/art.27584
https://doi.org/10.1136/annrheumdis-2018-214819
https://doi.org/10.1136/annrheumdis-2018-214819
https://doi.org/10.5281/zenodo.15631172
https://doi.org/10.1038/s41587-020-0439-x
https://doi.org/10.1038/s41587-020-0439-x
https://doi.org/10.1093/bioinformatics/bts635
https://doi.org/10.1038/nmeth.4197
https://doi.org/10.1093/nar/gkr688
https://doi.org/10.1093/nar/gkr688
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1186/s13059-014-0550-8
https://doi.org/10.1093/bioinformatics/btt703
https://doi.org/10.1093/bioinformatics/btt703
https://doi.org/10.1093/nar/gkae1072
https://doi.org/10.1093/nar/gkae1072
https://doi.org/10.1093/bioinformatics/btac757
https://doi.org/10.1093/bioinformatics/btac757
https://doi.org/10.1186/ar4609
https://doi.org/10.1186/ar4609
https://doi.org/10.1016/j.cell.2018.03.006
https://doi.org/10.1016/j.cell.2018.03.006
https://doi.org/10.3389/fimmu.2019.02145
https://doi.org/10.3389/fimmu.2019.02145
https://doi.org/10.4103/0366-6999.183414
https://doi.org/10.1071/RD19097
https://doi.org/10.1172/JCI127949
https://doi.org/10.1084/jem.20151876

	Systemic lupus pregnancies are characterized by an intrinsic pro-inflammatory monocyte transcriptome, driven by an aberrant ...
	1 Introduction
	2 Patients and methods
	2.1 Patients and ethics
	2.2 Follow-up and blood samples
	2.3 Blood samples
	2.4 Transcriptomics data collection and analysis

	3 Results
	4 Discussion
	CRediT authorship contribution statement
	Disclosures
	Fundings
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Data availability
	References


